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We are pleased to bring the Fall 2010 issue of the Journal
of CyberTherapy & Rehabilitation (JCR) to our expand-
ing audience around the world. Our quarterly published
peer-reviewed academic journal explores the uses of ad-
vanced technologies for therapy, training, education, pre-
vention and rehabilitation. JCR continues to actively
focus on the rapidly expanding worldwide trend of ap-
plying groundbreaking technology towards the field of
healthcare.

To educate our readers on new advancements in fields
such as robotics, adaptive displays, E-health, virtual re-
ality (VR) and non-invasive physiological monitoring as
they are applied to diverse disciplines in healthcare, we
present comprehensive articles submitted by preeminent
scholars in the field. This issue includes topics such as
the creation of a virtual aquatic world to aid in education
and using night vision during operations to possibly
allow greater VR immersion for patients while in sur-
gery.

In the first article of this issue, Wrzesien presents a pilot
evaluation of a virtual interactive learning system aiming
to teach children about the Mediterranean Sea and rele-
vant ecological issues. The author also considers ways
to improve the software after receiving preliminary feed-
back. 

Next, King, Delfabbro and Griffiths show the reader how
cognitive-behavioral therapy might be employed to treat
addicts of video games and discuss preliminary treatment
techniques for such an addiction.

Thirdly, Rodrigues, Sauzéon, Wallet and N'Kaoua pres-
ent a study comparing subjects’ spatial performance on
a pedestrian route based on the type of learning environ-
ment, real or virtual, the exploration mode used during
the learning phase and the type of spatial test adminis-
tered at retrieval. Through this study the authors hope to
further encourage the development of virtual training and
rehabilitation programs. 

In the fourth article Cowan et al. discuss a serious game
for the purpose of teaching orthopedic surgery residents
a total knee arthroplasty procedure using a problem-
based learning approach.  The study assessed user per-
ceptions of the game’s ease of use and potential for
learning and engagement.

In the following article, Stadie et al. examine the differ-
ences in efficacy of reconstructing a 3-D arrangement of
objects presented as a real model, a magnetic resonance
image (MRI) or a VR model. The findings were then ap-
plied to real life scenarios aiming to optimize the visual
basis for anatomy training and surgery planning. 

In the sixth article, Mosso et al. present results of surger-
ies performed on rabbits using night vision goggles and
list ways in which this could benefit patients in the fu-
ture, such as allowing for greater immersion and distrac-
tion during operations using VR in a dark room. 

Lastly, Tse and Ho address the management of chronic
pain in the elderly population, focusing on a non-phar-
macological method known as multisensory stimulation
therapy.

While continuing to provide our readers with the latest
scholarly studies presented in an informative and engag-
ing medium, we will continue to offer  the newly added
Continuing Education quiz (see page 337 for more de-
tails) each issue.  In addition, we will now be bringing
the readers book reviews, the first of which appears in
this issue on page 334, discussing “Interface Fantasy: A
Lacanian Cyborg Ontology” by André Nusselder. 

Although JCR has been receiving international attention
from peers, international institutions and international
conferences for some time, we are excited to inform
readers that JCR is also continuing to become more
widely known and recognized by the scientific commu-
nity, as evidenced by the fact that it is now indexed with
PsycINFO, Elsevier, Cabell’s, Gale and EBSCO. This
recognition will further our cause to inform the wider
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community about ways in which healthcare can benefit
from the applications of advanced technologies.

I would like to take this opportunity to sincerely thank
the contributing authors for their inspiring work and ded-
ication to this field of research. I also want to as always
thank JCR’s Associate Editors – Professors Botella,
Bouchard, Gamberini and Riva for their leadership and
hard work, as well as or internationally renowned Edi-
torial Board for their contributions. Thank you also to
our outside reviewers for taking the time to ensure the
rigorous nature of the articles.  

As always, we welcome your submissions, comments,
and thoughts on innovation.

Lastly, I would like to recognize what a huge success our
15th CyberPsychology & CyberTherapy Conference,
held in Seoul, Korea in June, was. As you know, JCR is
one of the two official journals of the International As-

sociation of CyberPsychology, Training & Rehabilitation
(iACToR).  The annual international conference series
agreed, in 2009, to become the official conference of
iACToR.  So, along with CyberPsychology, Behavior, &
Social Networking Journal (CPB&SN),  CyberTherapy
& Rehabilitation (C&R) Magazine, and JCR, we cele-
brate our Combined Communications Platform.  We are
very excited for next year's conference to be held June
20-22 in Gatineau, Canada. 

We look forward to the future growth of our cause and
thank you, our readers and subscribers, for your  contin-
ued support. 

Brenda K. Wiederhold, Ph.D., MBA, BCIA
Editor-in-Chief, 

Journal of CyberTherapy & Rehabilitation

Virtual Reality Medical Institute



J o u r n a l  o f  C y b e r T h e r a p y  &  R e h a b i l i t a t i o n
F a l l  2 0 1 0 ,  Vo l u m e  3 ,  I s s u e  3
© Vi r tua l  Rea l i ty  Med ica l  In s t i t u t e

learning eCology issues of The 

mediTerranean sea in a VirTual 

aQuaTiC World - piloT sTudy

Maja Wrzesien, David Pérez López, and Mariano Alcañiz Raya1

The aim of this study is to present a pilot evaluation of the E-Junior application. E-Junior is a Serious
Virtual World (SVW) for teaching children natural science and ecology. The application was designed
according to pedagogical theories and curricular objectives in order to help children learn about the
Mediterranean Sea and its ecological issues while playing. A pilot evaluation on a sample of 24 children
showed that students thoroughly enjoyed the virtual learning session, were engaged with, and had fun
interacting with the system. Moreover, some suggestions for improvement were given by the partici-
pants. The results and their implications are discussed. 

Keywords: Interactive Learning Environments, Virtual Reality, Ecology, Serious Games, Children

inTroduCTion

With climate change and its socio-economical, technical,
and environmental impacts, ecological issues have be-
come important topics to teach. Natural science and ecol-
ogy lessons are often taught to children in the classroom,
and the scientific concepts are frequently transferred by
a teacher in a conventional way. Although teachers do
their best with the available materials, traditional classes
of this type do not allow children to interact, observe, or
actively explore the environment.

With the development of new innovative technologies,
Virtual Reality (VR) systems such as Serious Virtual
Worlds (SVW) might be an interesting alternative for
some traditional teaching. Certainly, with 3-D graphics
and immersive, interactive environments, children can
be easily transported from a habitual room space to an-
other world such as the Mediterranean Sea underwater
environment. Moreover, the introduction of the gaming
aspect in such technologies might bring an additional
value. Indeed, in recent years it has been recognized that
computer games are enjoyed by millions of people
around the world and that they have become an integral
part of our social and cultural environment (Oblinger,

2004). Even though there are numerous fields of com-
puter game applications, successful computer games all
have one important characteristic in common - the ca-
pacity to draw people in (Janett et al., 2008). This effect
is hard to achieve for a teacher during the traditional
teaching process. Indeed, student motivation continues
to be one of the most difficult aspects of teaching (Ames,
1992). Thus, introduction of the gaming aspect in the ap-
plications for educational purposes might be an interest-
ing option to consider. 

The ability to engage people while playing computer
games composed with the educational applications can be
found in the systems such as Serious Games (SGs) and
SVWs. SGs and SVWs are two of the technologies that
have proven to be potentially effective educational tools in
numerous application domains (Cai et al., 2003; Holzinger
et al., 2006; de Freitas, 2006 ; Lai-Chong Law et al., 2008).
More specifically, games used for educational purposes
represent a powerful and effective learning environment
for a number of reasons (Kebritchi & Hirumi, 2008): 

– Games use actions instead of explanations and create
personal motivation and satisfaction.

Corresponding Author:
Maja Wrzesien, Instituto Interuniversitario de Investigación en Bioingeniería y Tecnología Orientada al Ser Humano, Universidad Politécnica de
Valencia, Camino de Vera s/n, 46022 Valencia, España, E-mail: mwrzesien@labhuman.i3bh.es

1Instituto Interuniversitario de Investigación en Bioingeniería y Tecnología Orientada al Ser Humano, Universidad Politécnica de Valencia, Valen-
cia, España
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– Games reinforce skill mastery and accommodate mul-
tiple learning styles and abilities.

– Games provide a context for interactive decision-making. 

Therefore, from a research point of view, it is relevant to
study the ways in which the SVW could be an effective
tool to engage and satisfy students. This study presents
a pilot evaluation of the E-Junior system, which aims at
promoting interest among children to learn about the
Mediterranean Sea and to protect it. 

e-Junior

The goal of E-Junior is to introduce children to the basic
notions of natural science and ecology of the Mediter-
ranean Sea, and more particularly, to one of the ecosys-
tems of the Mediterranean Sea - Posidonia oceanica (a
marine plant that grows only in the Mediterranean Sea
and that is considered to be of great importance to the en-
vironmental conservation of the region). The purpose of
the system is to encourage active learning within a highly
immersive and interactive environment in a fun, innova-
tive, and easily accessible way. Children have the oppor-
tunity to discover information about the Posidonia
oceanica, engage themselves in collaborative and com-
petitive play, and test their understanding about the sci-
entific concepts that are explained. More specifically,
students participate in photosynthesis, they distinguish
among different types of animals, sea grass, seaweed and
plants, and they judge the positive or negative actions that
human beings can have on the ecosystem (see Figure 1).

Each part of the game is constructed with: (a) a theoretical
introduction to the scientific concept that is presented by
the virtual tutor, which is a fish that represents the Brown
Grouper species; and (b) an interactive-gaming part. To
successfully complete each interactive-gaming part, the
students must find and collect some elements in the
aquatic virtual world according to the rules previously es-
tablished by the virtual tutor. 

The game runs on Intel Core 2 Duo E6000, 2 GB RAM
and Geforce 8600 GTS 320 MB computers. The hard-
ware corresponds to stereoscopic projection screens,
tracking cameras, and projectors placed in a 6x5-meter
room (see Figure 2). Each child uses polarized glasses to
perceive a scene stereoscopically and utilizes paddles
with an augmented reality (AR) marker to navigate in the
aquatic world.

Each student is assigned a fish avatar (a paddle with an
AR marker) that represents a different species of fish -
Sea Bream, Mediterranean Rainbow Wrasse, Ornate
Wrasse, and Painted Comber. With these avatars, each
student can explore, experience, and interact with the vir-
tual aquatic world. The Brown Grouper guides the stu-
dents through the different stages of the game. 

Since the literature calls for the use of learning and in-
structional theories in educational game design (Kebritchi
& Hirumi, 2008), E-Junior has integrated the following
pedagogical foundations. The first pedagogical founda-
tion was the experiential learning theory of Kolb (1984).
The purpose of experiential learning theory is based on
engaging learners in direct experience. In E-Junior, play-
ers assume the role of Mediterranean Sea inhabitants
(fish) and participate in the usual activities of the Mediter-
ranean Sea (i.e. collecting elements in the aquatic virtual

Learning Ecology Issues in a Virtual World

Figure 1. Students interacting with E-Junior.

Figure 2. Hardware configuration.
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world such as photons, carbon dioxide, oxygen, nitrogen,
and phosphorous, and judging the positive or negative ac-
tions that human beings can have on the ecosystem, etc.).
In this way, children experiment directly with the ecolog-
ical issues in the Mediterranean Sea. 

The second pedagogical foundation was the De la Cruz
theory of leisure as an educational tool (2002). This the-
ory defines leisure as an activity that not only improves
the knowledge of the learners but one that also lets them
gain self confidence, define themselves in relation with
others, and connect with each other. By the collaborative
and competitive character of E-Junior, this SVW allows
players not only to learn and to discover their potential
and skills during the game but also to compare them with
other players while competing, and to share during col-
laborative play. 

The third pedagogical foundation was Gardner’s multiple
intelligence theory (1983). According to Gardner, two
types of intelligence are the ones most evaluated in
schools: (a) logical-mathematical and (b) linguistic intel-
ligence. However, the author considers that there are five
other types of intelligence (musical intelligence, bodily-
kinesthetic intelligence, spatial intelligence, interpersonal
intelligence, and intrapersonal intelligence) that can be
explored as different potential pathways of teaching the
same information. Therefore, these aspects were taken
into account during the design of the E-Junior application
allowing the children to move around the room as fish in
the water (to stimulate the bodily-kinesthetic intelligence
that involves using the whole body to solve problems), to
listen to different sounds while interacting with the envi-
ronment (to stimulate the musical intelligence that implies
the appreciation of musical patterns), to collaborate dur-
ing the game with each over (to stimulate the interper-
sonal intelligence that allows people to work with others),
and finally, to compete while playing (to stimulate intrap-
ersonal intelligence). 

In addition, since the literature calls as well for aligning
educational contents of computer games with national
curricula (de Freitas & Oliver, 2006; Lai-Chong Law et
al., 2008), researchers have integrated the Spanish na-
tional curriculum specifications (2005) for the third cycle
of primary school (10-12 years old) in the E-Junior nar-
ratives. More specifically, the curricular specifications for
the natural, social, and cultural environment in the Valen-
cian community promote three types of content - first,
specific knowledge about the natural, social, and cultural

environment represented by different scientific concepts,
second, procedures that teach students to know how to
behave, and third, general attitudes. E-Junior was created
taking these objectives into account in order to facilitate
the execution of educational curricula.

meThod

parTiCipanTs

The participants for this study were selected randomly
from the list of Valencian primary schools, located on the
eastern Mediterranean coast of Spain. The participants
for this study were selected in order to form six groups
of four children. In total, 24 children participated in this
study (10 boys and 14 girls) all aged from 10 to 11 years
old. They all attended the sixth grade and had the same
learning objectives related to natural science, geography,
and ecology. All children gave their verbal agreement to
participate in the study. Moreover, the parents of all par-
ticipants signed a formal agreement form.

measures

The following quantitative and qualitative measures
were used in this pilot evaluation: the pre-test question-
naire with questions regarding the biographical infor-
mation, the post-test feedback questionnaire with the
open-ended questions, and the informal observations of
children. The questions from the pre-test aimed to obtain
students’ biographical information such as gender, age,
school grade, frequency of computer use, frequency of
computer gaming, and enjoyment of computer games.
More specifically, the students were asked to write their
gender, age, and school grade. The open-ended ques-
tions of the post-test feedback questionnaire aimed to
obtain students’ opinions about positive and negative
characteristics as well as improvement proposals for the
E-Junior. More specifically, the students answered three
questions: (a) what was the thing they liked the most,
(b) what was the thing they disliked the most, and (c)
what was the thing they would like to improve. The ob-
jective of the informal observation of the children was
to collect all the possible information that researchers
could observe regarding student engagement, attention,
implication, enjoyment and other variables considered
to be relevant.

For each of the two qualitative measures, the children’s
answers and the informal observations performed by the
researchers were grouped into categories according to
their common themes. The categories were created sepa-
rately by three different researchers, than discussed and

Wrzesien, López, and Raya
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compared in order to create the final categories presented
in the results section.

proCedure

The students that participated in the study were chosen
from two sixth grade classes from Nuestra Señora de
Loreto Valencian Primary School. All the students com-
pleted the pre-test questionnaire individually in their re-
spective classrooms, in the presence of the researcher and
their teacher. They were then randomly assigned to one
of six groups. The week after filling out the pre-test ques-
tionnaire, the children participated in the virtual learning
sessions (25 minutes) in groups of four on the same day.
The AR markers that represented the different fish avatars
have been distributed randomly among each group of
four. After the virtual learning sessions, each group of
children filled out the post-test feedback questionnaire.

resulTs

posT-TesT feedbaCK QuesTionnaire

The virtual learning session generally received very pos-
itive comments and feedback. The children were clearly
pleased with the game. They enjoyed collecting elements
to let Posidonia oceanica breathe and feed (“[I liked the
most] following and catching the oxygen”). Another fre-
quently cited point concerned the interaction with the sys-
tem. More specifically, the children enjoyed the virtual
tutor (the Brown Grouper) and the fish avatars that they
could interact with and move through the virtual Mediter-
ranean Sea (“I liked that I could help the fish”). The 3-D
effect and the immersive character of E-Junior were also
appreciated (“[I liked the most] seeing fish and animals
in the water”, “that it was real”). The learning aspect of
the application was also mentioned (“[I liked the most]
learning about interesting things and how plants live”). 
Although the children hardly made any negative com-
ments, they frequently mentioned what to them seemed
a negative point concerning the length of the speeches
made by the virtual tutor (the Brown Grouper). In their
opinion, the tutor spoke too much (“[I didn’t like] when
the fish was talking and talking to us all the time”, “[I did-
n’t like] that the fish was talking”). These commentaries
were confirmed by the suggestions for improvement
made later by the children. The students proposed reduc-
ing the speaking time of the fish (“[I would make] the fish
stop talking and give us more time to enjoy the game”,
“The fish not talk so much”). 

obserVaTion of The Children during Classes

According to the informal observation of the children dur-

ing the interaction with the game, the students seemed to
be deeply absorbed, engaged, and involved. The majority
of the students collaborated collectively and helped each
other to understand the game rules (“Look at the legend
to see what you have to collect”; “You are the photon, you
have to go to the right”). Moreover, the children seemed
to be quite immersed during E-Junior because they fre-
quently asked if the room was moving and screamed with
excitement when the image rapidly changed (i.e. to pro-
duce the feeling of immersion into the water). The inter-
action of the students with the virtual tutor (the Brown
Grouper) was also visible and audible. However, their
level of attention to what the Brown Grouper was explain-
ing was not very high. Instead of concentrating on the
game rules or the theoretical clarifications, the children
were running around trying to move their fish avatars and
explore the virtual aquatic environment. Generally, the
children had a lot of fun. When the virtual learning session
was over, they were disappointed when the researcher in-
formed them that the session had ended. 

disCussion

This study presents and evaluates E-Junior, a SVW based
on pedagogical theories and the curricular objectives of
Spanish primary schools. The pilot evaluation showed
that the children seemed to be satisfied and engaged in
the virtual learning session and had a lot of fun while in-
teracting with the system. According to Prensky (2003)
and Lepper et al. (2005), this aspect is crucial during the
learning process. This issue should be addressed in the
future evaluation of E-Junior. In fact, our ongoing work
will consist of evaluating the E-Junior application in a
real context. We are planning an experimental two-group
comparison design with the virtual learning session as an
experimental group and a traditional learning session as
a control group. We hope that this evaluation will demon-
strate that E-Junior will not only allow students to enjoy
the game but also help them learn more about the
Mediterranean Sea and its environmental issues.

Although the paper presents a pilot evaluation, the data
has already brought to light some interesting information
about possibilities for improvement. The most frequent
negative comments about the virtual learning session con-
cerned the long concept introduction given by the virtual
tutor (the Brown Grouper). Apparently, the children did
not appreciate the long description presented before the
active form of learning (interactive-gaming part). Thus,
some of the lecture parts of the virtual tutor will be trans-
formed into interactive game segments in future versions. 

Learning Ecology Issues in a Virtual World
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According to observed results children generally appre-
ciate the experience of being emerged in the under-water
environment. Thus, from our point of view the applied
experiential learning theory in the design of E-Junior was
a good choice. In addition, two additional pedagogical
theories (De la Cruz theory of leisure as an educational
tool, and Gardner’s multiple intelligence theory) intro-
duced some interesting points such as collaborative and
competitive character of the game. In fact, we can con-
clude from the observations that the students not only
wanted to win (to compete), but also wanted to help each
other and collaborate during the game. In our opinion,
these positive characteristics reflect the integration of the
pedagogical theories during the E-Junior design.

The results of this evaluation have produced some inter-
esting information about the users’ interactions with the
system. We hope that the planned evaluation will confirm
our assumptions and improve the system if there are any
issues that decrease the children’s level of satisfaction,
motivation or learning effectiveness. 

ConClusion

New, innovative technologies bring many opportunities

to the field of education. However, the technologies must
be carefully chosen and applied in order to help students
not only enjoy the aesthetic aspect but also to learn while
playing. Indeed, a planned design process (i.e. with re-
spect to the pedagogical theories and curricular contents)
is one of the key aspects. Moreover, the evaluations are
the best way of confronting the developed application
with reality. In this way, by applying the appropriate the-
oretic foundations and by using children as experimented
critics we are sure that the systems will be not only effec-
tive but will also provide a lot of fun for players.
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CogniTiVe behaVioral Therapy for 

problemaTiC Video game players: 

ConCepTual ConsideraTions 

and praCTiCe issues

Cognitive-behavioral therapy (CBT) is rationalized to be a highly appropriate treatment modality for
problem and addicted users of video games. Drawing on available empirical research in this and allied
areas (e.g., problem gambling), this paper presents some preliminary treatment techniques that may
be well suited to the known features, correlates, and consequences of video game addiction. These
techniques involve monitoring video game use, setting appropriate goals, and overcoming problem
cognitions that intensify and maintain video game use. Specialized knowledge of the structural and
situational characteristics that develop and maintain problem video game playing is also provided.
While problem video game playing appears to resemble pathological gambling in many ways, some
distinct phenomenological aspects of video game playing prevent a direct translation of gambling CBT
programs to video game players. It is suggested that further research is needed to provide further guide-
lines and treatment techniques for video game players who suffer problems with their behavior. There
is also need for greater funding for more basic and applied research on problem video game players.

Keywords: Video Game Addiction, Problematic Video Game Use, Problem Gambling
Cognitive–behavioral Therapy

inTroduCTion

Video game playing is an increasingly popular pastime
among adolescents and adults around the world. However,
a growing body of psychological literature reports that
there may be some risks associated with very high levels
of involvement in video game technology. In numerous
studies, including large population survey studies (Charl-
ton & Danforth, 2007; Fisher, 1994; Gentile, 2009; Grif-
fiths, Davies, & Chappell, 2004a; 2004b; Grüsser,
Thalemann & Griffiths, 2007; Rehbein, Kleimann &
Mößle, 2010) and smaller-sized qualitative investigations
(Chappell, Eatough, Davies & Griffiths, 2006; Griffiths,
2000; 2010a; Wood, 2008), a significant minority of video

game players have been identified as problem or depend-
ent users of the technology. These “problem” players re-
portedly jeopardize work or educational activities, social
relationships, and personal well-being in order to play
video games for periods up to 80 to 100 hours per week.
Some researchers have referred to such high levels of in-
volvement in video games as a form of behavioral addic-
tion, comparable to pathological gambling (Griffiths,
2008a). 

Whether excessive video game playing behavior repre-
sents a unique disorder or a secondary problem arising
from underlying pathologies, such as depression, remains
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a subject of debate (Griffiths & Wood, 2000; Shaffer,
1996; Shaffer, Hall & Vander Bilt, 2000). Irrespective of
its formal classification, the growing number of excessive
users of video games suggests that it is an issue of signif-
icance for clinical and educational psychologists (Grif-
fiths, 2010b). However, to date, there have been very few
attempts to provide therapy-related information to meet
the demand for psychological services among problem
video game players. The position of this paper is that,
while academic debate on the legitimacy of technology-
based addictions continues, preliminary research and the-
ory may guide the development of therapy techniques for
excessive and/or problem video game players.

raTionale for CogniTiVe behaVioral Therapy

The cognitive-behavioral therapy (CBT) approach posits
that faulty cognitive processes play a role in the develop-
ment and persistence of maladaptive behaviors. Some
studies have employed CBT techniques to assist problem
users of the Internet and computer technology (Orzack &
Orzack, 1999; Young, 1999; 2007). CBT  has also been
used with moderate to high levels of success in treatment
studies for problem gamblers, who – at least conceptually
– bear numerous similarities to problem video game play-
ers (Blaszczynski & Silove, 1995; Ladouceur, Boisvert,
& Dumont, 1994; Sylvain, Ladouceur, & Boisvert, 1997;
Petry et al., 2006). For instance, Fisher and Griffiths
(1995) identified multiple structural similarities between
electronic gambling machines and video games (e.g.,
flashing lights, sound effects, bonuses for skilful play, dig-
ital displays of winning scores, etc.). Griffiths (1991) went
as far as to argue that some forms of video game playing
(i.e., arcade machines) may be considered a non-financial
form of gambling.

Some playing differences between gambling and video
game playing may have implications for the cognitive com-
ponent of CBT. Unlike most gambling games, video games
are not predominantly chance-based and involve a signifi-
cant degree of skill and planning. Players of video games
must be able to process and respond rapidly to in-game in-
formation, while negotiating obstacles, in order to make
progress and “master” a video game. The emphasis on
player strategy and hand-eye coordination means that a
problem video game player is likely to hold rational
thoughts and beliefs about video game playing and video
game machines1. While video game players may think that,
with sufficient skill and practice, there is a strong probability
of being successful at a video game, problem gamblers
often hold the mistaken belief that their own chances of

winning in the long term are better than the objective odds
of the game (Walker, 1992). Some cognitive therapy strate-
gies (e.g., eliminating erroneous perceptions of the game,
commonly used to treat problem gamblers) may therefore
be less necessary for problem video game players.

Video game addiCTion

The field of technology-based addictions, including ad-
diction to video games, has garnered significant interest
from both the scientific and mainstream media community
in the last three decades. However, despite this attention,
the field has struggled to overcome a number of limita-
tions and theoretical obstacles. There still exists some dis-
agreement within the health community as to whether
behavioral (non-chemical) addictions should even qualify
as bona fide addictions. This debate has been complicated
by somewhat imprecise terminology. The terms “exces-
sive,” “problem,” “dependent,” “pathological,” and “ad-
diction” have appeared numerously within the
psychological literature on video game players – often
without clear definition – leading to some confusion as to
what these terms actually refer to. Therefore, it is not sur-
prising that the construct validity of video game-related
problems has been questioned. Wood (2008) has asserted
that reports of individuals who play video games to the
degree that it causes harm and/or conflict do not prove that
these players are “addicted” to video games, only that they
use the technology as an ineffective strategy for dealing
with life problems. In order for video game addiction to
be treated as a bona fide “addiction”, Blaszczynski (2008)
argues that researchers must identify users who report not
only problems resulting from sustained repetitive patterns
of use, but also impaired control over their gaming behav-
ior. The lack of clinical data (and overemphasis on the
“negative consequences” of heavy video game playing)
has led to the view that even the most damaging cases of
video game overuse may be attributable to poor time man-
agement or underlying mental health issues, rather than a
primary problem stemming from video game involvement
itself (Wood, 2008).

Arguably, however, the distinction between problem video
game playing as a primary vs. secondary disorder is irrel-
evant from a clinical perspective. All forms of problem
behavior, including addiction, are typically associated with
co-morbid problems like depression – in fact, it would be
unusual if an addict’s only problem was their addiction –
and therefore any addicted behavior (or merely excessive
behavior) would need to be addressed in therapy. Griffiths
(2008) has also argued that, if clinicians can accept patho-

Problematic Video Game Playing

1 It should be noted that many slot machine players also believe their activity to be highly skilful, and that successful play involves speedy reac-
tions, good hand-eye co-ordination, and forward planning (Griffiths, 1994).
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logical gambling as a form of addiction (an addiction that
does not involve the ingestion of a psychoactive sub-
stance), then why should video game playing as a potential
form of addiction be treated any differently? There is no
theoretical reason that prevents the criteria for addiction
being applied to any and all repetitive and psychologically
rewarding behaviors. Debating the merits of the addiction
concept as it applies to all activities serves only to distract
from the real issue: How does a person become addicted
to video games? The relative risk of becoming addicted to
an activity may be largely attributed to the inherent prop-
erties of the activity and the psychological characteristics
of the individual. At a basic population level, it is argued
that cocaine is more addictive than gambling, and gam-
bling is more addictive than video game playing (West,
2006). Therefore, video game addiction is no less concep-
tually sound than cocaine addiction, but the actual risk of
any given person becoming addicted to video games is rel-
atively, and significantly, lower. 

Despite these conceptual issues, it has been stated repeat-
edly that many people report technology-based problem
behavior, most commonly related to the Internet and/or
video games (Griffiths, 1995; 2008b; Kaltiala-Heino, Lin-
tonen, & Rimpela, 2004; Nalwa & Anand, 2003). Re-
searchers have proposed a set of diagnostic criteria for
addiction to the Internet as a type of impulse control dis-
order (Beard & Wolf, 2001; Shapira et al., 2003). More
recently, a report by the Council on Science and Public
Health (see Khan, 2007) recommended that
“Internet/video game addiction” be considered by the
American Medical Association for inclusion as a clinical
diagnosis in the upcoming DSM-V. Addiction to the In-
ternet is arguably a more imprecise concept than video
game addiction, given the Internet may be used for many
different purposes and activities, including gambling, so-
cial networking, browsing, and so on, and thus the Internet
may simply enable and facilitate other addictions rather
than being the root of the problem behavior. Internet-based
disorders have not been officially recognized by either the
American Medical Association or the World Health Or-
ganization. Despite this setback to technology-based ad-
diction becoming a generally accepted concept, numerous
studies of users of mobile phones (Bianchi & Phillips,
2005; Park, 2005; Beranuy, Oberst, Carbonell &
Chamarro, 2009), social networking sites on the Internet
(Song, Larose, Eastin, & Lin, 2004; Wilson, Fornasier &
White, 2010), television (McIlwraith, 1998; Horvath,
2004) and video games (Fisher, 1994; Rehbein et al, 2010)
have been conducted on the assumption that the standard

clinical criteria of addiction may be applied to these tech-
nological activities.

The precise definition of what constitutes “problem” in-
volvement in video games and other technologies is not
just an issue of concern for empirical researchers. Clinical
and educational practitioners also encounter difficulties in
conceptualizing a client’s excessive video game playing
behavior. In some cases, a person (or someone close to that
person) may seek assistance to deal with an unmanageable
video game playing habit (no other life problems or psy-
chopathology are evident). In more complex cases, a per-
son’s video game overuse may represent just one of many
problem behaviors associated with, and triggered by, an
underlying psychological problem. Some research has
characterized excessive video game players as persistent
procrastinators and time-wasters (Funk, Chan, Brouwer, &
Curtiss, 2006), as social loners who prefer online interac-
tions to real life relationships (Chappell et al., 2006), and
as depressed/anxious individuals seeking an escape from
their problems (Colwell, Grady, & Rhaiti, 1995). However,
some authors have noted that excessive video game play-
ing does not always lead to negative detrimental effects
and in some circumstances may be socially beneficial for
the players – at least in the relatively short term (Cole &
Griffiths, 2007; Griffiths, 2010a). These different player
profiles – both positive and negative – suggest that there
may be various routes to becoming a problem user of video
games, in a similar way that Blaszczynski and Nower’s
(2002) pathways’ model has identified multiple routes to
problem gambling. However, while empirical studies have
found that players report a range of motivations to play par-
ticular video games (Griffiths, 1997; King & Delfabbro,
2009b), any such problem video game player typologies
have not been examined empirically. 

Demographic research suggests that single males, in mid-
adolescence to late-twenties, with computing experience,
may be at the highest risk of developing a problematic
habit with video games and/or other technologies (Grif-
fiths, Davies, & Chappell, 2004a). However, the precipi-
tating factors that lead to addictive involvement in video
games have not been clearly documented. Case studies of
“addicted” players suggest that habitual use of video
games may develop rapidly and, due to the relatively low
costs associated with the activity, a regular pattern of video
game use may be easy to begin and maintain long term
(Griffiths, 2000; 2008b; 2010a). Because video game
playing tends to take place primarily in the home, the neg-
ative consequences of excessive playing (social isolation,

King, Delfabbro, and Griffiths
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marital problems, etc.) are largely out of the public view
and make it easier for problem players to hide their prob-
lems (Griffiths, 2008b). The privacy of video game play-
ing also hinders and/or prevents naturalistic observation
or in vivo examination of problem players’ thoughts and
behaviors (King, Delfabbro & Griffiths, 2009). 

Another relevant issue concerning the study of technol-
ogy-based addictions is the rapidly evolving nature of the
technology. Since its inception, video game software has
advanced at a highly rapid pace, with new and more so-
phisticated games being released every month (Spielberg,
2008). The term “video game” itself can be misleading,
as video games encompass both online and stand-alone
games, playable alone or with multiple other players. Each
of these video game types is thought to be appealing for
different reasons, and potentially attracts different types
of players. New video game features (and even genres)
are also being continually developed. Therefore, research
on specific video games and their psychological appeal
may become outdated within a relatively short time fol-
lowing initial publication. Psychologists who lack knowl-
edge of the structural features and/or capabilities of
modern video games may have some difficulty in under-
standing the changing motivations of those who play
video games (King, Delfabbro, & Griffiths, 2010).

CliniCal sTudies and approaChes

To date, there have been very few clinical studies that as-
sess the effectiveness of methods of treating problem
video game playing. Some preliminary clinical studies
have attempted to develop psychiatric profiles of exces-
sive computer users. A study by Black, Belsare, and
Schlosser (1999) reported that, in a sample of 21 compul-
sive users of computers, over half showed a co-morbid
Axis I or Axis II disorder. These individuals used comput-
ers to alter their mood, either to feel more excited or pow-
erful, or to assuage feelings of boredom, frustration or
sadness. Attempts to reduce their computer use provoked
strong feelings of anxiety. Interestingly, while computer
use reportedly caused problems with work and relation-
ships, none of the users felt that their compulsive computer
use was significant enough to warrant any kind of treat-
ment, echoing observations made in case studies of exces-
sive video game players who have not sought treatment2

(Griffiths, 2000; 2010a).

Another study by Yang (2001) identified a subgroup of 69
out of 1136 adolescents (6.1% of the overall sample) who
met the criteria for video game addiction. These players

experienced a deterioration of friendships, poor health
symptoms, and interference with various life activities.
Excessive users reported symptoms of obsessive-compul-
sive disorder, somatization and hostile behavior. Despite
these “serious sociopsychiatric problems” (p. 217), Yang
did not report what type of treatment, if any, might be ap-
propriate for these problem video game players. In the
largest ever study on video game play, a national German
study assessed adolescent video game addiction in over
15,000 teenagers (Rehbein et al, 2010). They reported that
3% of the male and 0.3% of the female students were “de-
pendent” on video games and that the data indicated a
clear dividing line between extensive gaming and video
game dependency as a clinically relevant phenomenon.
The study also noted that dependency on video games was
accompanied by increased levels of psychological and so-
cial stress in the form of lower school achievement, in-
creased truancy, reduced sleep time, limited leisure
activities, and increased thoughts of committing suicide.

To date, two (now somewhat old) clinical case studies in-
volving treatment of arcade video game addiction have
been published. Kuczmierczyk, Walley, and Calhoun
(1987) reported the case of an 18-year old college student
who had been playing arcade video games 3-4 hours a day
at an average cost of $5 (US) a day over a five-month pe-
riod. Using a combination of self-monitoring, GSR (Gal-
vanic Skin Response) biofeedback assisted relaxation
training, in vivo exposure, and response prevention tech-
niques, the researchers achieved a 90% reduction in play-
ing behavior. This behavior change was maintained at six-
and twelve-month follow-ups. In addition, the patient re-
ported a more satisfying interpersonal life and signifi-
cantly fewer anxiety symptoms. 

Another similar case reported by Keepers (1990) involved
a 12-year old boy who played arcade video games for 4-
5 hours per day at an average cost of $30-50 a day over a
six-month period. The boy reported stealing money and
truanting from school in order to play video games. In
therapy, it was discovered that the boy was being physi-
cally abused by his father and played video games as a
way of coping with strong feelings of helplessness. Fol-
lowing family therapy with the eventual outcome of the
boy and the mother separating from the father, the boy’s
emotional difficulties and excessive playing behaviors re-
duced significantly. A 6-month follow-up reported no on-
going issues. In both of these cases, the playing of video
games was on arcade machines where the player had to
‘pay to play’. Behaviors that involve a financial cost may

2Black et al. did not report whether participants later received any treatment for their problematic computer use.
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incur more negative detrimental effects – particularly if
the person goes beyond their own disposable income and
resorts to criminal behavior to fund their activity. 

The lack of comparative treatment studies might suggest
that, while a small minority of users (i.e., <1 to 3%) meet
the clinical criteria for addiction to video games, there is
a general lack of demand for psychological services for
technology-based addictions. However, limited data sug-
gest that this is not the case. An unpublished study by
Woog (2004) surveyed a random sample of 5000 mental
health professionals in the United States. Of the 229
completed surveys, two-thirds reported to have treated
someone with problems related to excessive computer
use in the previous 12-month period. Problem video
game playing was most common among 11- to 17-year
old clients. The need for further clinical research on
video game addiction is evidenced by the growing inter-
national development of clinics that specialize in the psy-
chological treatment of computer-based addictions,
including: the Centre for Online and Internet Addiction
located in Pennsylvania, United States; the Broadway
Lodge residential rehabilitation unit located in Somerset,
England; the Smith & Jones 12-step (Minnesota Model)
clinic located in Amsterdam, Holland; and various gov-
ernment-run clinics throughout China. Each clinic has
its own treatment philosophy and treatment techniques,
but more popular approaches have included the 12-step
approach (modeled on Alcoholics Anonymous), cogni-
tive-behavioral therapy, motivational counseling, and in-
terpersonal therapy (Griffiths & Meredith, 2009). Online
support services for video game addiction are also be-
coming popular. For example, On-line Gamers Anony-
mous (www.olganon.org) offers self-help, online-based
treatment based on the 12-Step Minnesota Model. The
site’s online community provides practical advice and
social support via its online forums. Success rates of
these various approaches to treating video game addic-
tion have not been made publicly available.

assessmenT

The first step in dealing with a client presenting problem
video game playing issues is to assess the nature and
severity of the problem. Problem behavior is viewed in
one of two ways: either as a categorical disorder or as an
end-point on a continuum of psychological functioning.
To date, the primary method for assessing video game
addiction has been to use a checklist that measures ad-
dictive thoughts, behaviors, and consequences. It has
been suggested that the amount of time a client spends

playing video games each week may also assist in fram-
ing a diagnosis (Woog, 2009). However, other re-
searchers have argued that usage data is best regarded as
background information because judging whether the
amount of time a person spends playing video games is
“excessive” essentially involves making a value judge-
ment (Gentile, 2009; Griffiths, 2010a). While highly fre-
quent use is generally more common among problem
players, a person may spend over 35 hours per week
playing video games without meeting any of the addic-
tion criteria. Additional background information may
also aid assessment, including: general health function-
ing (e.g., physical exercise, vitality, and sleep patterns),
lifestyle factors (e.g., outside commitments, hobbies,
structured activities) and any co-morbid psychopathol-
ogy (e.g., depression, anxiety, stress).

One method for assessing problem video game playing
involves using Brown’s (1997) components model of ad-
diction. This model states that addiction is defined by the
following six features: (a) salience, meaning the person
is preoccupied by thoughts of the activity at all times of
the day, (b) tolerance, the process whereby the person
must spend increasing amounts of time engaged in the
activity to achieve former mood-modifying effects, (c)
withdrawal, the unpleasant emotional state or physical ef-
fects that occur when the activity is suddenly discontin-
ued or reduced, (d) relapse, the tendency for repeated
reversions to earlier patterns of use, and for even extreme
patterns of use to be restored quickly after periods of ab-
stinence or regulation, (e) mood modification, the subjec-
tive experience (e.g., an exciting “buzz” or tranquilising
“numbing”) associated with engaging in the activity, and
(f) harm, the conflict between the user and those around
them, including work, school, hobbies, and social life. A
person who meets some of these criteria may be consid-
ered a “problem” user, and those who meet all six criteria
may be considered “addicted” (Griffiths, 2008a).

Another method for assessing problem video game play-
ing is to use the Diagnostic and Statistical Manual for
Mental Disorders (DSM-IV) classification for pathologi-
cal gambling (American Medical Association, 1994).
These criteria have already been adapted by researchers
to identify pathological video game players (e.g., Fisher,
1994; Griffiths & Hunt, 1998; Salguero & Moran, 2002;
Gentile, 2009). Using these criteria, the presence of video
game addiction may be indicated by five (or more) of the
following criteria:
1. Preoccupation with video game playing, including re-

King, Delfabbro, and Griffiths
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living past playing experiences, or planning the next op-
portunity to play

2. The need to play for increasingly longer periods of time
in order to achieve the desired excitement

3. Repeated unsuccessful efforts to control, cut back, or
stop video game playing 

4. Restlessness or irritability when attempting to cut down
or stop video game playing 

5. Playing video games as a way of escaping from prob-
lems or of relieving feelings of helplessness, guilt, anxiety,
depression

6. After losing in a video game, returning another day to
make more progress or get a higher score (“chasing”)

7. Lying to family members, therapist, or others to conceal
the extent of involvement with video game machines

8. Committing illegal acts, such as theft, in order to finance
video game playing

9. Jeopardizing or losing a significant relationship, job,
educational or career opportunity because of video game
playing 

10. Needing another individual to provide money to re-
lieve a desperate financial situation caused by video game
playing

Some researchers have investigated video game addiction
by adapting the ICD-10 (World Health Organization,
2000) diagnostic criteria for pathological gambling
(Grusser, Thalemann & Griffiths, 2007). Additionally,
some self-report measures have been developed for iden-
tifying problem users of video games. For instance, Yang
(2001), Hussain and Griffiths (2009), and King, Delfabbro
and Zajac (2010) developed measures of problem video
game play (the Problem Video Game Playing Test
[PVGT], the Video Game Addiction Inventory [VGAI]
modeled on the Exercise Addiction Inventory [Terry,
Szabo & Griffiths, 2004] and the Computer-Related Ad-
dictive behavior Inventory [CRABI], respectively) mod-
eled on Young’s (1998) Internet Addiction Test. These
measures were based on standard clinical criteria, with
higher scores indicating greater risk of video game-related
behavior problems. Lemmens et al. (2009) recently devel-

oped the Game Addiction Scale (GAS). This self-report
measure includes items representing seven DSM-based
criteria for game addiction that had been identified in ear-
lier research. Despite their ongoing use in empirical re-
search, the PVGT, VGAI, CRABI and the GAS have not
been clinically validated so their test score data should not
be considered a formal clinical diagnosis.

Client motivation for seeking psychological assistance
should also be considered during assessment (Blaszczyn-
ski, 1998). Some clients may deny that they have a prob-
lem video game playing habit, despite being faced with
significant adverse consequences of their excessive be-
havior. Similarly, some clients may think that their partner
or spouse’s complaints, rather than their own behavior, are
the real problem to address in therapy. If clients refuse to
take personal responsibility for their problem behavior, or
feel that treatment is unnecessary, then it is unlikely that
any productive treatment will follow. 

TreaTmenT

The cognitive-behavioral approach posits that psycholog-
ical problems stem from problematic cognitions coupled
with behaviors that either intensify or maintain the mal-
adaptive response. Treatment involves identifying prob-
lem cognitions and replacing them with new beliefs,
attitudes, and strategies that promote healthy behavioral
change (Leahy, 2003). While a comprehensive treatment
plan for video game addiction is far beyond the scope of
this paper, we put forward a basic, and tentative, founda-
tion for therapeutic practice. These techniques are drawn
from multiple resources for CBT practice, including treat-
ment handbooks and research papers on treating adoles-
cent problem gambling (Blaszczynski, 1998; Dobson,
2001; Gupta & Derevensky, 2000; Leahy, 2003). In addi-
tion, research literature is used to guide those practitioners
who may be unfamiliar with the psychological aspects of
video game technologies. While the video game addiction
treatment stages described are not supported by rigorous,
scientifically controlled research studies, this brief pro-
gram is presented so that further work may validate and
expand upon its clinical utility. 

moniToring use

Monitoring involves steering clients to become more
aware of the problems associated with their excessive
video game use (Woog, 2009). This involves drawing at-
tention to the adverse consequences of excessive playing,
such as loss of sleep due to playing video games, relation-
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ship tensions, neglect of other commitments (e.g., work,
educational activities, household duties, and/or exercise),
frustration at being interrupted when playing, or depressed
feelings when not playing. Successful monitoring has two
main client outcomes: (a) additional motivation to change
because video game-related problems are more salient and
tangible, and (b) greater insight into the self-perpetuating
cycle of problem video game playing (i.e., excessive play
creates problems that the client seeks to escape from by
playing video games). The client can then identify situa-
tions that trigger or increase vulnerability to play video
games (e.g., after a fight with a partner, when homework
gets too difficult, etc.). In this way, monitoring information
provides the foundation for setting goals that promote
healthier involvement in video games.

Blaszczynski (1998) recommends that problem gamblers
maintain a log of daily use, taking note of their thoughts
and emotions during a playing session as well as during
periods when not playing. This technique may be easily
adapted to video game playing. Monitoring playing habits
enables the client to confront thoughts of denial (e.g., “I
do not play video games very often, maybe just an hour
or two a night”) as well as develop a greater sense of per-
sonal responsibility (e.g., “I need to be more accountable
to myself because I am playing more that I intend”).
Clients should be encouraged to monitor the number of
hours spent playing video games each night, as well as
their thoughts and emotions when playing. Given the con-
tinuous nature of video game play, a person may lose track
of time and subsequently incorrectly estimate the amount
of time spent playing (Charlton & Danforth, 2007). Some
video games feature a playing counter that records hours
played on each day or playing session, which should make
the task of monitoring less fraught with human error. In
addition to raw playing time, clients could be encouraged
to record the number of failures, mistakes, and wasted op-
portunities made while playing a video game, along with
associated times spent reloading the game following a
game-ending failure. Loading screens can range between
a few seconds to a few minutes. The longest loading times
often occur in online games where the player waits in a
“lobby” for other players to join the game or for game con-
tent to download before the game begins. Loading times
are not always tracked by a video game’s internal clock,
which means that the player may think they have played
for less time than is the case. Therefore, monitoring exer-
cises should aim to provide the client with experiential
feedback on how much time is spent in the video game
without gaining any satisfaction. 

goal-seTTing

The overarching goal of therapy is to reduce the amount
of time spent playing video games to levels that no longer
interfere with the client’s well-being and life functioning.
This may include total abstinence from video games, ab-
stinence from specific video games that produce excessive
involvement, or playing video games but in a controlled
manner. In particular, players of massively multiplayer on-
line role-playing games (MMORPGs) often report the
greatest difficulty managing time spent playing as com-
pared to players of other games (Ng & Weimer-Hastings,
2005). This difficulty can be largely attributed to the social
obligations and complex reward systems in these games.
Total abstinence from online games may be a difficult goal
because numerous other players may rely on the client to
be available to regularly play the game for mutual benefit.
In addition, the client may frequently socialize with other
players as part of being a member of a social group such
as a “clan” or “guild”. The social elements in these groups
provide a sense of identity and belonging for the player,
thus making it difficult to completely disconnect from this
social network (King et al., 2010). A therapist could assist
the client to develop and rehearse ways in which he or she
will inform playing partners of their decision to reduce time
spent playing, and avoid feeling pressured socially into
playing the game. In addition, the client may need to ad-
dress conflicting negative emotions related to no longer
making progress in their favorite video game as a result of
meeting goals to reduce excessive playing behaviors. Many
players become emotionally attached to their in-game char-
acter(s) after spending months playing the video game.
Some treatment clinics have recommended that quitting
players should delete their video game characters as a way
of making their departure more permanent and any poten-
tial return to the video game less immediately appealing.

In addition to setting limits on use, clients need to develop
practical ways to overcome or avoid any obstacles to their
treatment goals (Leahy, 2004). A client may work in a
highly stressful job and play video games every night for
5-6 hours as a coping mechanism for stress. In this exam-
ple, job-related stress triggers the need to play video
games. Setting limits on video game use may be effective,
but the client should also develop some alternative ways
of dealing with stress, particularly activities that foster a
sense of achievement rather than an escape from negative
mood states. Woog (2009) recommends that clients in the
early stages of reducing computer use should: (a) engage
in healthy lifestyle choices, such as increasing sleep and
eating at regular meal times, (b) stop complementary re-
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wards that promote computer use (e.g., buying new com-
puter equipment, reading video game magazines and on-
line forums), (c) minimize deliberate exposure to
situations that initiate video game playing, and (d) making
video game playing less convenient and accessible in the
home environment (e.g., unplugging a video game console
and packing it away after use). If a client has concurrent
symptoms of depression or other mood disorders, then ad-
ditional therapy for these psychological issues should also
be considered. For instance, problem players with social
anxiety issues may benefit from assertiveness or similar
social skills training. Similarly, helping the client to find
other avenues of social support may reduce feelings of iso-
lation from spending less time playing video games.

Addressing the situational context is also important during
the goal-setting stage. Although video games may be
played at internet cafes and other video gaming venues,
most video games are played in the home environment
(Brand, 2009). For this reason, video game playing is
largely private, unsupervised, and unregulated. There are
no “opening hours” - video games are available to play 24
hours per day, seven days per week, 365 days of the year.
Jacobs (1986) argued that, as an addiction develops, a per-
son makes major changes to their lifestyle, including mod-
ifications to their environment, in order to facilitate a
behavioral repertoire that extends gratification from the
activity. For problem video game players, this process may
involve arranging the home living space so that all other
activities, like eating, sleeping or socializing, are able to
revolve around (and without causing interruption or im-
pediment to) use of the centralized video game machine.
In therapy, clients need to develop ways of separating the
playing experience from other activities in the home en-
vironment to avoid continual, uninterrupted use, and/or
determine new places to play video games that are more
public, visible, and time-limited. 

dealing WiTh problem CogniTions

One of the main objectives of CBT is to challenge faulty
cognitions that maintain problem behavior and replace
them with more adaptive thoughts that promote healthy
behavior. However, video game playing mostly involves
rational, rather than illogical, thought processes. In a video
game, a player must use skill and knowledge of the game
to make progress and earn rewards. Studies have shown
that the appeal of video game playing for many players
includes attempting to reach the highest possible experi-
ence level, beating the highest score, and/or finding the
best items in the video game (King & Delfabbro, 2009a;

Wood, Griffiths, Chappell, & Davies, 2004). As video
games have become increasingly complex, with more so-
phisticated reward systems that require the cooperation of
many players, significantly more thought and planning
(and time) are required to master a video game. For ex-
ample, in the online role-playing game World of Warcraft,
some players may play five nights a week, over a period
of months, in order to acquire one single reward. The pro-
liferation of online forums, magazines, and guidebooks
dedicated to video game strategy suggests that players are
aware of the procedural steps and time required to find
rare game items or reach the next level in a game. King
and Delfabbro (2009a) observed that many players at-
tempt to optimize their reward payout in some video
games by performing simple, repetitive actions that pro-
vide a small, but consistent, reward (a practice known by
players as “grinding”). While this behavior may be con-
sidered “rational,” few players report to enjoy the process
of grinding and playing video games in this way has been
referred to a “second job” (King & Delfabbro, 2009a).

Because player skill and strategy (or grinding) theoreti-
cally allows players to obtain all of the thousands of re-
wards in a video game, problem players may be motivated
indefatigably to acquire every single reward in the video
game3. In this sense, the video game may be compared to
a slot machine that, with enough time and practice, will
almost certainly deliver a jackpot. For problem players,
the process of completing a video game may be rational-
ized as time well spent, in spite of the negative conse-
quences of excessive playing. King and Delfabbro
(2009b) found that problem players’ motivations to play
video games differed significantly from regular players.
Problem players were more motivated by the rewards in
video games, as well as the release of tension and approval
of others when playing a video game than regular players.
Problem players also scored higher on a measure of “amo-
tivation” (a feeling of meaninglessness when playing) than
normal players. 

Cognitive therapy for problem video game players should
address the client’s thought processes that compel the
player to be preoccupied with playing the video game until
it is complete. A cognitive therapy exercise may involve
the client recording their motivations for playing video
games (e.g., enjoyment, learning strategy, and feeling a
sense of achievement) and then having the client evaluate,
action by action on a playing session-by-session basis,
whether the video game regularly satisfied these motiva-
tions. Through therapy, clients may reach a self-under-
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standing that they no longer play the video game for fun
or enjoyment, but simply to reach the next level or reward.
Psycho-education may also be useful in therapy. For ex-
ample, a therapist could teach the client that the appeal of
video games, like electronic gambling machines, can be
explained by the operant conditioning paradigm (Ferster
& Skinner, 1957). Video game developers design their
video games to reward players at frequent intervals in the
early stages of the game, and significantly less so in later
stages. Therefore, as the player makes progress, rewards
are delivered more infrequently and often less predictably.
As a result, many video game players, like gamblers, are
motivated to continue playing because the next reward may
be “just around the corner” (Griffiths & Wood, 2000).
Building the client’s understanding of how fixed and vari-
able reinforcement schedules promote player beliefs and
expectancies about reward payout – and, specifically, that
video games become less “fun” the longer a player spends
in the game – may lead to a critical evaluation of the
amount of time spent playing the game without enjoyment.

Despite appearing largely rational, some aspects of prob-
lem video game playing may be maintained by irrational,
misguided or faulty cognitions. For example, the rewards
of competition – like a high score after beating an oppo-
nent using superior strategy – has long been recognized
as a key appealing feature of video games (Vorderer, Hart-
mann, & Klimmt, 2003). Like problem gamblers who at-
tempt to overcome the odds and “beat the house”, some
problem video game players may become preoccupied
with beating a high score held by an opponent. Prior to
online video games, video games were predominantly
played by a local group of players at a fixed location (e.g.,
an arcade machine in an amusement center). In this con-
text, the player had only to beat a modest number of op-
ponents in order to become “the best”. In contrast, modern
online video games may be played by a global audience
of millions at any given time via broadband service. 

In online games, player scores are tracked on a global
leaderboard that ranks all players in terms of their highest
achievements in the game (King, Delfabbro & Griffiths,
2010). This collation of international data makes it ex-
tremely difficult for any player to excel at a particular
video game. Competitiveness may drive players to be-
come preoccupied with their global ranking in the game,
and create an belief that, despite the odds, they will beat
all other players at the video game – just as problem gam-
blers may believe that they are able to beat the casino.
While not strictly impossible for a video game player, the

time and skill required to achieve this goal may extend be-
yond that which the majority of players can devote to the
game without creating conflict in other areas of their life.

Superstitious thoughts about video game rewards may also
contribute to problem use of video games. An unpublished
study by Yee surveyed 380 regular players of online video
games and found that players reported a number of irra-
tional beliefs about video games, including: (a) certain
video game characters or classes are “luckier” than others,
(b) randomly delivered rewards could be influenced by the
order in which players approach and reveal the reward, (c)
certain items in the video game, such as clothing or
weapons on characters, act as a “lucky charm”, and (d) ran-
dom number generators that determine reward payout or
“item drop” operated in predictable patterns, rather than
random sequences. While Yee’s findings are of a prelimi-
nary nature, they suggest that some video game players
may hold irrational and/or superstitious beliefs similar to
those among problem gamblers (Griffiths, 1994; Griffiths
& Bingham, 2005). These problem cognitions should be
addressed in therapy if they relate directly to problem play-
ing behavior (e.g., the client believes that playing uninter-
rupted for many hours will yield greater in-game rewards). 

ConClusion

Although technology-based addictions have received in-
creased academic and media attention in recent years,
there is still a dearth of both clinical and empirical litera-
ture on problem video game playing and addiction. The
research base is particularly limited with regard to meth-
ods of treating problem users of video games. Based on
its many previous applications to treating behavioral ad-
diction, CBT is rationalized to be a highly appropriate
treatment modality for video game addiction. Drawing on
available empirical research in this and allied areas (e.g.,
problem gambling), this paper has outlined some concep-
tual considerations and therapy issues in relation to the
known features, correlates, and consequences of video
game addiction. While problem video game playing ap-
pears to resemble pathological gambling in many ways,
there are also some distinct cognitive elements of video
game playing that prevent a direct translation of gambling
CBT programs to video game players. The current knowl-
edge base on problem video game play indicates that there
is a need for more basic and applied research on problem
video game players. In addition, longitudinal research is
needed to add greater empirical weight to the claim that
excessive video game playing represents a persistent and
significant psychological problem.
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Transfer of spaTial-KnoWledge from 

VirTual To real enVironmenT: 

effeCT of aCTiVe/passiVe learning 

depending on a TesT-reTesT proCedure 

and The Type of reTrieVal TesTs

Jérôme Rodrigues1, Hélène Sauzéon1, Gregory Wallet1, and Bernard N'Kaoua1

The aim of this study was to compare subjects’ spatial performance on a pedestrian route depending on
three factors: (1) the type of learning environment (real vs. virtual); (2) the exploration mode during the
learning phase (active vs. passive); and (3) the type of spatial test administered at retrieval (i.e., wayfind-
ing, sketch mapping, and picture ordering). Moreover, each subject was tested two times: 48hr and 7
days after the learning phase.

First of all, regarding the whole data, the results presented in this paper indicate good spatial-knowledge
transfer from Virtual Reality to the real world, irrespective to the retrieval tests administered to the sub-
jects. Moreover, the exploration mode does not seem here to significantly influence the spatial perform-
ance. In contrast, the subjects’ performance was greatly increased on the 7-day compared to the 48hr
recall phase, and particularly, on the wayfinding test (i.e., on the most ecological test).

In conclusion, the most influent factor on spatial-knowledge transfer from virtual to real environments
seems not to be the active learning of the information, but the testing procedure. The results are discussed
using the notions of training effect and transfer-appropriate processing. Although further investigations
are needed, the results are already encouraging the development of virtual training or rehabilitation pro-
grams addressed to spatial cognitive processes.

Keywords: Spatial Cognition, Virtual Reality, Active/passive Learning, Test-retest Procedure

Spatial cognition refers to the cognitive processes associ-
ated with the development of a comprehensive under-
standing of a 3-D environment, and the utilization of this
knowledge for various purposes (e.g., wayfinding). In the
domain of spatial cognition, the use of virtual environ-
ments (VE) is becoming increasingly important in studies
because it opens up many new experimental possibilities.
A major issue is then to determine the extent to which spa-
tial- knowledge can transfer from virtual to real environ-
ments (RE) (e.g., Péruch, Belingard & Thinus-Blanc,
2000).

In fact, several studies indicate that spatial-knowledge
transfer from VE to RE may occur to a large degree (e.g.,
Foreman, Stirk, Pohl, Mandelkow, Lehung, Herzog &
Leplow, 2000; Waller, Hunt & Knapp, 1998) or, at least,
partially (e.g., Wilson, Foreman & Tlauka, 1997; Witmer,
Bailey & Knerr, 1996). Péruch and Corazzini (2003) sug-
gest that efficient knowledge transfer occurs particularly
when the VE replicates relevant characteristics of the real
world. However, even when using a good match between
the virtual and real environments, many variables seem to
influence spatial-knowledge transfer (e.g., Péruch & Wil-
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son, 2004; Wilson & Péruch, 2003). Therefore, it is crucial
to identify the experimental factors that can promote this
transfer.

One of these factors is the exploration mode (i.e., the mode
of learning). The current literature with regard to VE is
mainly concerned with two learning modes defined by
Wilson, Foreman, Gillett and Stanton (1997). The first
mode refers to the physical involvement of the participant
during the learning phase. In this case, the participant can
experience a dynamic three-dimensional simulation either
physically passively (i.e., observing a pre-recorded scene
in the VE) or physically actively (i.e., navigating within
the VE using a joystick, mouse, keyboard, etc.). Further-
more, in the physically active condition, the participant
can either have the entire freedom of his/her movements
or be constrained to follow certain routes/rules. These two
possibilities have then been called, respectively, psycho-
logically active and psychologically passive by Wilson et
al. (1997). The second mode defined by the authors thus
refers to the psychological involvement of the participant
during the learning phase.

Some studies have shown superior VE spatial learning
from active rather than passive exploration (e.g., Carassa,
Geminiani, Morganti & Varotto, 2002; Péruch, Vercher &
Gauthier, 1995), although this is far from a universal out-
come (e.g., Gaunet, Vidal, Kemeny & Berthoz, 2001; Wil-
son et al., 1997; for review see Péruch and Corazzini,
2003). Some studies have even reported a passive superi-
ority (Wilson and Péruch, 2003, experiment 1) or mixed
results, depending on the testing conditions. For example,
Williams, Hutchinson, and Wickens (1996) (see also
Aretz, 1991; Tong, Marlin & Frost, 1995) found that an
active group was better than a passive group at following
a route after exploration, and that a group using only a map
showed intermediate performance compared to the two
others. However, the active explorers were less efficient
than the other groups in a second task that required them
to reproduce the path. In contrast, in a study by Attree,
Brooks, Rose, Andrews, Leadbetter & Clifford (1996) (see
also Brooks, Attree, Rose, Andrews & Leadbetter, 1999),
an active group visited interconnected rooms in a house,
each containing several objects, and memory of spatial
layout was better for active explorers, while yoked passive
exploration enhanced memory for encountered objects.
Actually, as underlined by Péruch and Wilson (2004), it is
not clear at the present time that spatial-knowledge ac-
quired through active exploration will necessarily be more
accurate than that acquired through passive exploration.

The authors suggested that the outcome of passive-active
comparisons may depend on procedural variables, such as
employed features of VE and the type of test administered.
As evoked above, the type of retrieval tests may be actu-
ally one of the most important factors, as it is well-known
in the domain of memory that the adequacy between the
encoding and testing conditions greatly influences mem-
ory performance. This experimental fact refers to the
transfer-appropriate principle (e.g., Lockhart, 2002; Mor-
ris, Bransford & Franks, 1977; Park & Rugg, 2008), indi-
cating that the more the retrieval condition matches the
learning phase, the better the performance. It is then not
surprising that the adequacy between the encoding and
testing situations may influence the active exploration ef-
fect, as well as the spatial-knowledge transfer in general.
Consequently, it is important to understand in which situ-
ations active exploration will be relevant to improve the
spatial-knowledge transfer from Virtual Reality (VR) to
the real world. In other words, the active exploration effect
has to be tested depending on various subject and task
characteristics. 

In this context, previous studies from our laboratory (Wal-
let, Sauzéon, Arvind Pala & N’Kaoua, 2009a; Wallet,
Sauzéon, Rodrigues & N’Kaoua, 2009b) demonstrated
that the benefit from active exploration may vary depend-
ing on, at least, three factors: (1) the task complexity; (2)
the visual characteristics of the VE; and (3) the type of
cognitive tests administered. Specifically, we demon-
strated that active exploration seems particularly relevant
to improve the subjects’ performance on a wayfinding task
even if the to-be-remembered route is complex (Wallet et
al., 2009b), or if the VE is poorly detailed (i.e., no textures)
(Wallet et al., 2009a).

In the present paper, the main objective was to go further
with these results while testing the active exploration ef-
fect depending, this time, on a test-retest procedure (i.e.,
48hr then 7 days after the learning phase). The test-retest
procedure consists of, at least, two evaluations of the sub-
jects’ performance, separated by a retention interval (e.g.,
Bosco, Picucci, Caffò, Gyselinck & Lancioni, 2008;
Gould, Holmes, Fantie, Luckenbaugh, Pine, Gould,
Burgess, Manji & Zarate, 2007; Rutledge, Hancock &
Walker, 1997; Tlauka, Donaldson & Wilson, 2008). Be-
tween each evaluation, other learning phases can or cannot
be included. Moreover, the retention interval between the
main learning phase and the test phases can range from
several minutes to hours or even from several weeks to
months. For example, Rutledge et al. (1997) studied adult
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age differences in spatial memory, following retention in-
tervals of various lengths (3, 15, or 30-min), in young and
old subjects. The authors reported that the older adults
were significantly less accurate than the younger partici-
pants following the 30-min retention interval only (i.e., no
statistically significant effect of age at the 3-min and 15-
min retention intervals). 

In addition to the retention interval, the test-retest proce-
dure is also particularly related to the notion of training
effect (e.g., Jennings & Jacoby, 2003; Mozolic, Long,
Morgan, Rowley-Payne & Laurienti, In Press; Rapp,
Brenes & Marsh, 2002). The training effect can be defined
as an improvement of performance after several trials or
learning phases. For example, Mozolic et al. (In Press) in-
vestigated the effects of a cognitive training intervention
aimed at helping healthy older adults to suppress irrelevant
auditory and visual stimuli. Sixty-six participants received
8 weeks of either the modality-specific attention training
program or an educational lecture control program. Par-
ticipants who completed the intervention program had
larger improvements in modality-specific selective atten-
tion following training than controls. The intervention
group also showed larger improvements than the control
group in non-trained domains such as processing speed
and dual-task completion.

The test-retest procedure is actually an important experi-
mental/clinical factor in terms of cognitive training or re-
habilitation, as the objective is to maintain the
performance or to offset the deficits durably over time
(e.g., Mann, Günther, Stetter & Ackermann, 1999). In
terms of ecological issues, it is then crucial to investigate
spatial-knowledge transfer depending on the moment of
the retrieval phase. 

In this context, the study presented here aimed at compar-
ing subjects’ spatial performance on a pedestrian route de-
pending on three factors: (1) the type of learning
environment (real vs. virtual); (2) the exploration mode
during the learning phase (active vs. passive); and (3) the
type of spatial test administered at retrieval (i.e., wayfind-
ing, sketch mapping, and picture ordering). In addition,
each subject was tested two times: 48hr and 7 days after
the learning phase.

maTerial and meThods

parTiCipanTs

Participants were 60 students in Cognitive Science at the
Victor Segalen University in Bordeaux, and were recruited

during psychology courses on a voluntary basis. No finan-
cial rewards were given. The test group was composed of
40 women and 20 men, aged between 18 and 30 years old
(M = 20.2 ± 2.9). All participants were native French
speakers and right-handed. None of them were particularly
familiar with the experimental route.

maTerial

Two environments (real vs. virtual) were used in the ex-
periment (Figure 1). First, the RE was a part of the district
surrounding, the Pellegrin Hospital of Bordeaux. The VE,
was a 3-D replica of the RE, modeled using the Virtools©
software. Relevant landmarks (e.g., road signs, urban fur-
niture, etc.) as well as an auditory context (i.e., urban
sounds) were especially included into the VE to optimize
the match between the two environments. 

The apparatus used in the VR room was composed of: (1)
a Dell© personal computer (3 GHz, 5Go RAM, with a
nVidia© Quadro FX 4400 graphics card); (2) a F1+©
video projector; (3) a Logitech© force 3-D pro joystick
(used in the active exploration mode); and (4) a panoramic
screen (2m x 1.88m) that allows good immersion of the
subject during the task (Tyndiuk, Lespinet-Najib, Thomas,
N’Kaoua, Schlick & Claverie, 2007).

design and meThods

A 2 (learning environments) x 2 (learning modes) x 2
(retrieval phases) x 3 (retrieval tests) mixed factorial de-
sign was utilized in the experiment. The 60 participants
were divided into four groups of 15 random subjects (i.e.,

Figure 1. Illustrations of the real environment (left pan-
els), and the corresponding modelling in the virtual en-

vironment (right panels), used in the experiment.
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10 women + 5 men) corresponding to the four experi-
mental conditions (i.e., active learning in RE, passive
learning in RE, active learning in VE, and passive learn-
ing in VE).

Prior to the experiment, all participants were instructed
that they would be presented with a pedestrian route, in
the VE or the RE, and that they were to do their best to
memorize it as they would be given memory tests later.
Moreover, they were instructed that they would be tested
two times, 48 hours and 7 days after the learning phase.

For each group, the learning phase consisted of memoriz-
ing a 1,457m pedestrian route (approximatively a 20-
minute walk) in the district surrounding of the Pellegrin
Hospital in Bordeaux. This route was composed of 14
streets, 18 intersections, and 18 direction changes. De-
pending on the considered group, the learning phase was
carried out either in the RE or the VE, and either actively
or passively.

Active learning in the VE involved the use of a joystick
that permitted the subjects to move “freely” inside the en-
vironment. In fact, the participants were instructed to fol-
low the experimenter’s vocal and gestural instructions
(e.g., “at the next crossroad, turn this way,” while showing
the correct direction with the hand), indicating step-by-
step the route to be memorized. In contrast, passive learn-
ing in the VE consisted for the subjects just to sit in front
of the panoramic screen, and to visualize the recorded
video of the to-be-remembered route. Here, the partici-
pants were then instructed to just look at the screen and
try to memorize the presented route. In the VR room, all
the participants were seated 2m away from the screen, and
the speed of route display, either actively or passively, was
fixed at 5 km/hr to match the real conditions.

In the RE, the distinction between the active and passive
exploration modes was operationalized using two different
instructions. Considering active learning, and similarly to
the active virtual learning, the participants were instructed
to follow the experimenter’s vocal and gestural instruc-
tions, guiding them all along the route to be memorized.
In contrast, regarding passive learning in the RE, the ex-
perimenter just said to the subjects to follow him, without
giving any information, at any time, on the to-be-memo-
rized route. The subjects were then totally passive in the
learning phase, as they had just to follow the experimenter
without cognitive anticipation on the moves to make to
take the correct paths.

Concerning the test phase, all subjects were evaluated on
the learned route at two different times: 48hr and 7 days
after the learning phase. Moreover, at each recall phase,
the subjects were evaluated using three types of test: (1)
wayfinding; (2) sketch mapping; and (3) picture ordering.
For each of the two recall phases, the order of the tests
was randomly determined to counterbalance their admin-
istration between subjects.

The wayfinding task consisted of replicating, in the RE,
the memorized route without time limit. During the test,
in case of error, the participant was stopped by the exper-
imenter who then indicated the correct path to the subject.
At the end of the test, the total number of errors was noted
by the experimenter. The sketch-mapping task consisted
of a free-hand reproduction of the learned route in the
form of a sketch on a piece of paper. The required sketch
was a simple outline draw (i.e., connected arrows) reflect-
ing the number of crossroads and direction changes. On
this test, the performance score corresponded to the num-
ber of correct direction changes among the 18 crossroads.
Finally, the picture ordering task consisted of a chrono-
logical sorting – from start to end of the route – of 12 pic-
tures taken along the route in the RE, and presented to the
subjects in a random order on a table. Here, a good answer
was considered each time a two-picture series was rele-
vant, even if the chronological order was not strictly cor-
rect (e.g., picture 5 followed by picture 6 or picture 8
followed by picture 11 scores 1). Then, the total number
of good answers was noted among the 12-picture series.
In all these tests, the subjects’ performance was expressed
in terms of percentage of error.

ConTrol TesTs

To control the spatial skills of the subjects, all the partici-
pants performed three cognitive evaluations: (1) an orien-
tation test (part five of the GZ Aptitude Survey, Guilford
& Zimmermann, 1981); (2) The mental rotation test of
Vandenberg and Kuse (1978); and (3) the spatial memory-
span test from the WMS III (Weschler, 2001). There was
no significant differences in performance on these tests on
the four experimental groups, F(2,112) = 1.654, p > 0.20.

resulTs

Subjects’ spatial performance is presented in Table 1. The
results were analyzed with a 2 (learning environment: real
vs. virtual) x 2 (exploration mode: active vs. passive) x 2
(recall phase: 48hr vs. 7 days) mixed ANOVA applied on
the percentage of error for each of the three spatial tests
(i.e., wayfinding, sketch mapping, and picture ordering).

Spatial-knowledge Transfer, VR, and Task Characteristics
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Wayfinding: The ANOVA reveals a significant effect for
two factors: Learning environment, F(1,55) = 14.585, p <
.001; and recall phase, F(1,55) = 74.371, p < .0001. First,
examination of the means indicates that the subjects who
learned the route in the RE (M = 2.1%) showed better
route performance than the subjects who learned in the VE
(M = 7.8%). Also, greater performance was obtained on
the 7-day recall phase (M = 1.8%) compared to the 48hr
recall phase (M = 8.2%), irrespective to the other manip-
ulated factors. In contrast, no significant effects are ob-
served on the exploration mode factor, F(1,55) = 1.351, p
= .250, indicating no differences on spatial performance
using either active (M = 4.1%) or passive (M = 5.8%)
learning of the route. 

Concerning the interaction effects, the Recall
phase*Learning environment interaction is significant,
F(1,55) = 11.498, p < 0.002.  This indicates a greater ben-
efit from the test-retest procedure on the subjects who
learned the route in the RE compared to the subjects who
learned in the VE. Actually, regarding the proportional de-
crease of errors (which was computed by dividing the
score obtained on the 7-day recall phase by the score ob-
tained on the 48hr recall phase, and then by subtracting
this number to one), the results indicate that a proportional
decrease of about 96.3% is obtained on the subjects who
learned in the RE, while a proportional decrease of about
only 72.7% is observed on the subjects who learned in the
VE. In addition, none of the other two-way or three-way
interactions were significant.

Sketch mapping: The ANOVA reveals a significant ef-
fect on the recall phase factor, F(1,55) = 26.787, p <
.0001, indicating greater performance on the 7-day re-
call phase (M = 14.4%) compared to the 48hr recall
phase (M = 25.4%). In contrast, no significant effects
are observed depending on the exploration mode,
F(1,55) = 2.089, p = .154, or the learning environment,
F(1,55) = 0.464, p = .499. These results indicate no dif-
ferences on spatial performance using either active (M
= 16.9%) or passive (M = 22.8%) learning of the route,
and no differences between the subjects who learned in
the RE (M = 18.5%) or the VE (M = 21.2%), respec-
tively. Moreover, none of the two-way or three-way in-
teractions were significant.

Picture ordering: Similarly to the other tests, the
ANOVA reveals a significant effect on the recall phase
factor, F(1,55) = 21.285, p < .0001, indicating greater
performance on the 7-day recall phase (M = 18.7%)
compared to the 48hr recall phase (M = 31.6%). In con-
trast, no significant effects are observed depending on
the exploration mode, F(1,55) = 2.275, p = .137, or the
learning environment, F(1,55) = 0.472, p = .496. Again,
these results indicate no differences on spatial perform-
ance using either active (M = 21%) or passive (M =
29.2%) learning of the route, and no differences be-
tween the subjects who learned in the RE (M = 23.3%)
or the VE (M = 26.9%), respectively. Also, similarly to
the sketch-mapping test, none of the two-way or three-
way interactions were significant.

Table 1
Subjects’ spatial performance, expressed in percentage of error, depending on the encoding conditions, and the re-

trieval phases and tests. Standard deviations are indicated in parentheses. RE = Real Environment; VE = Virtual

Environment; WF= Wayfinding; SM = Sketch Mapping; PO = Picture Ordering

encoding conditions

re

Ve

Retrieval phases and tests

WF SM PO

48h 7 days 48h 7 days 48h 7 days

active

passive

active

passive

3.9 (1.1) 0.0 (0.0) 17.7 (3.7) 12.6 (2.7) 30.0 (6.9) 10.7 (4.1)

4.2 (1.0) 0.3 (0.3) 26.1 (4.2) 17.3 (4.3) 29.3 (6.1) 22.9 (5.4)

11.1 (2.3) 1.4 (0.9) 25.7 (5.6) 11.4 (1.9) 29.3 (7.6) 14.1 (3.6)

13.4 (3.1) 5.3 (1.9) 31.6 (7.1) 16.1 (4.7) 37.8 (6.0) 26.5 (7.1)
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general disCussion

The aim of this study was to compare subjects’ spatial per-
formance on a pedestrian route depending on three factors:
(1) the type of learning environment (real vs. virtual); (2)
the exploration mode during the learning phase (active vs.
passive); and (3) the type of spatial test administered at
retrieval (i.e., wayfinding, sketch mapping, and picture or-
dering). Moreover, each subject was tested two times:
48hr and 7 days after the learning phase. Here, the main
objective was to test the active exploration effect depend-
ing on a test-retest procedure.

First of all, regarding the sketch mapping and picture or-
dering tasks, the results indicate no differences on spatial
performance between the subjects who learned the route
in the RE or the VE, irrespective to the other manipulated
factors. In other words, learning the route either in the VE
or the RE permitted to obtain similar spatial performance
on these two retrieval tests. Furthermore, although the sub-
jects who learned the route in the RE showed better per-
formance on the wayfinding test than the subjects who
learned in the VE, it can be noted that, on average, less
than 10% of error was observed in the VE group during
the task. This low average score then tends to indicate
good memorization of the route even in the participants
who learned in the VE. In accordance with previous pa-
pers (e.g., Foreman et al., 2000; Péruch et al., 2000; Waller
et al., 1998; Wilson et al., 1997), the results presented here
indicates good spatial-knowledge transfer from VR to the
real world. In terms of applied issues, and in the vein of
increasingly numerous studies (e.g., Lam, Man, Tam &
Weiss, 2006; Rose, Brooks & Rizzo, 2005; Tsirlin,
Dupierrix, Chokron, Coquillart & Ohlmann, 2009), the re-
sults thus encourage the development of virtual training
or rehabilitation programs addressed to spatial cognitive
processes.

Concerning the exploration mode factor, it cannot be con-
clude here that active learning of the route increased its
memorization, and therefore, the performance on the spa-
tial tests. This result is in accordance with several papers
in the literature (e.g., Gaunet et al., 2001; Wilson et al.,
1997), but in opposition with others (e.g., Carassa et al.,
2002; Péruch et al., 1995), and notably, previous work
from our laboratory (Wallet et al., 2009a, 2009b). One ex-
planation for this result could be the influence of the re-
tention interval on the information. In fact, in our previous
studies (Wallet et al., 2009a, 2009b), and similarly to other
papers (e.g., Carassa et al., 2002; Péruch & Wilson, 2004),
the subjects were tested on their memorization immedi-

ately after the learning phase (i.e., no retention interval).
In contrast, in the present work, the subjects were tested
for the first time 48hr after the learning phase, and for the
second time, 7 days after memorizing the route. Then, as
the retention interval of the information was the main fac-
tor that varied between the present study and our previous
work, we can assume that it may be responsible for the
different results that are observed. As evoked in the intro-
duction, this suggestion can be supported by some studies
of the literature demonstrating, for example, that a 30-min
retention interval induced a significant difference on spa-
tial performance between young and old adults (Rutledge
et al., 1997). Consequently, we propose here that the 48hr
retention interval of the information may have decreased
the benefit from the active exploration of the environment
on the spatial performance. Péruch and Wilson (2004) un-
derlined that a review of the evidence on active and pas-
sive learning in VE suggests that both conditions have
shown superiority under some conditions of learning and
testing, but there is no consistent outcome pattern. Our re-
sults then tend to confirm Péruch and Wilson’s suggestion,
while indicating in addition, that the retention interval of
the information may be an influent factor on the active ex-
ploration effect. In relation to the retention interval, further
investigations should then be done to complete these pre-
liminary results, and to test a wider range of intervals.

In contrast to the exploration mode factor, the test-retest
procedure induced a major significant effect on the sub-
jects’ performance. Precisely, in all the retrieval tests,
greater performance was obtained on the 7-day compared
to the 48hr recall phase. This result can be explained by a
training effect (e.g., Jennings & Jacoby, 2003; Mozolic et
al., In Press; Rapp, Brenes & Marsh, 2002). Generally,
multiple trials or learning phases in a task permit to im-
prove memory performance of the subjects. In the present
study, the 48hr recall phase was actually both a test phase
and a second learning phase, as all the participants repli-
cated the route in the RE at that time. Then, it can be as-
sumed that the memory trace of the route was reinforced
during the 48hr recall phase, yielding later to increased
performance on the 7-day recall phase. To confirm this
suggestion, it is then necessary to evaluate the subjects’
performance directly 7 days after the learning phase, with-
out the 48hr recall phase (work in progress in our labora-
tory).

One interesting result is that, regarding the sketch mapping
and picture ordering tasks (i.e., in two of the three tests
administered to the subjects), no interactions were ob-
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served between the learning environment and recall phase
factors.  This indicates that both the subjects who learned
the route in the RE or the VE increased their performance
on the 7-day recall phase. This result demonstrates that the
benefit from reactivated route memory on the 48hr recall
phase is similar after learning in either the RE or the VE
on these tasks. Therefore, it tends to confirm relevant pri-
mary learning of the route in the VE, and in terms of eco-
logical issues, a benefit from virtual learning even 7 days
after the learning phase.

Similarly to the test-retest procedure, the type of retrieval
test seems to be an influent factor on the subjects’ per-
formance. Specifically, regarding the whole results, the
best spatial performance was observed on the wayfinding
task (M = 5%), then on the sketch mapping test (M =
19.5%), and, lastly, on the picture ordering task (M =
25.5%). This result is consistent with our previous work
(Wallet et al., 2009a, 2009b) and can be explained by the
transfer-appropriate principle (e.g., Lockhart, 2002; Mor-
ris, Bransford & Franks, 1977; Park & Rugg, 2008). In
fact, the wayfinding task is the only retrieval test that in-
volves the entire replication of the memorized route, and
consequently, offers the best match between the encoding
and retrieval conditions, yielding to improved memory
performance. Here, it can be noted that the fact that trans-
fer-appropriate processing improves memory performance
may be viewed as a moderating point to the conclusion of
good spatial-knowledge transfer in the present experiment.
As both the VE and RE groups were tested in the RE at
the 48hr recall phase, it then can be assumed that the better
adequacy between the 48hr and 7-day recall phases, com-
pared to the adequacy between the learning and 48hr recall
phases, may have “artificially” increased the spatial-
knowledge transfer, and so the performance at the 7-day
testing phase in the VE group. To verify this point, further
investigations are needed and the VE groups should be
tested in the VE at the 48hr recall phase, and thereafter, in
the RE at 7 days. The VE groups should also be directly
tested at 7 days without the 48hr recall phase.

Finally, as presented in the result section, the Recall
phase*Learning environment interaction is significant on

the wayfinding test, and indicates greater benefit from the
test-retest procedure in the subjects who learned the route
in the RE, compared to the subjects who learned in the
VE. The fact that this interaction was only significant on
the wayfinding test shows that the test-retest procedure
permitted to improve the benefit from the transfer-appro-
priate processing on the subjects’ performance. In other
words, the transfer-appropriate processing seems to have
been potentiated by the training effect related to the testing
procedure. It then underlines the importance of these two
factors in the spatial-knowledge transfer of the informa-
tion. Moreover, it further confirms the fact that the VE
groups should also be tested in the VE at the 48hr recall
phase, or be directly tested at 7 days without the 48hr re-
call phase, to eliminate the transfer-appropriate “bias”, and
therefore, validate the conclusions about good spatial-
knowledge transfer. 

In conclusion, the active exploration of the route does not
seem here especially relevant to increase the subjects’ per-
formance. However, the transfer-appropriate processing
of the information – that is particularly involved in the
wayfinding task – and the training effect, both permit to
obtain good spatial performance during the testing proce-
dure.

ConClusion

The results presented in this paper lead to three main con-
clusions. First of all, and despite the moderations evoked
above, they confirm that good spatial-knowledge transfer
can occur from VR to the real world, and, therefore, en-
courage the development of virtual training or rehabilita-
tion programs addressed to spatial cognitive processes.
Secondly, the results show that the active exploration ef-
fect seems to be sensitive to the retention delay of the in-
formation. Lastly, they tend to demonstrate that the most
influent factor on spatial-knowledge transfer from VE to
RE may not be the active learning of the information, but
the transfer-appropriate processing and the training benefit
that can be involved in the testing procedure. Our future
investigations will focus on the notion of retention inter-
val, and on its influence on the active exploration effect
and on the spatial-knowledge transfer from VE to RE. 
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a serious game for ToTal Knee arThro-

plasTy proCedure, eduCaTion and Training 

Brent Cowan1, Hamed Sabri1, Bill Kapralos1, Mark Porte2,3, David Backstein2,3, 
Sayra Cristancho4, and Adam Dubrowski5,6 

Traditionally, orthopaedic surgery training has primarily taken place in the operating room. Given the
growing trend of decreasing resident work hours in North America and globally, due to political man-
date, training time in the operating room has generally been decreased.  This has led to less operative
exposure, teaching, and feedback of orthopaedic surgery residents. We present a 3-D serious game that
was designed using an “iterative test-and-design” method, for the purpose of training orthopaedic sur-
gery residents the series of steps comprising the total knee arthroplasty (replacement) procedure, using
a problem-based learning approach. Before implementing the serious game into teaching curricula, the
first step, and the purpose of the current instigation, was to conduct a usability study to address user
perceptions of the game’s ease of use, and the potential for learning and engagement. Real-time, 3-D
graphical and sound rendering technologies are employed to provide sensory realism consistent with
the real world. This will ensure that the knowledge gained within the serious game can be more easily
recalled and applied when the trainee is placed in the real world scenario. Usability test results indicate
that the serious game is easy to use, intuitive, and stimulating. 

Keywords: Total Knee Arthroplasty, Serious Games, 
Virtual Simulations, Learner-centered Teaching, Interactive Learning

inTroduCTion

Total knee replacement, or total knee arthroplasty
(TKA), is a surgical procedure whereby the painful
arthritic knee joint surfaces are replaced with metal and
polyethelene components that serve to function in the
way that bone and cartilage previously had.  This pro-
vides patients who have experienced painful, deformed,
and unstable knees, with reproducible pain relief and
improved func tionality (Park, Yoon, Kim, Lee, & Han,
2007). Approximately 130,000 knee replacements are
performed annually in the United States alone, and the
procedure has been rated among the most successful
surgical interventions across all surgical specialties, with
respect to reliability of results and patient satisfaction

(Lavernia, Sierra, & Hernandez, 2000). In short, TKA
involves replacing the articular joint surface of the
femur, the tibia, and possibly the patella. Relatively
speaking, the tibial and patellar component implantation
requires fewer steps and fewer considerations. Correct
implantation of the femoral component however is an
extremely “position sensitive” surgical procedure and
must take into account joint range of motion, limb align-
ment, degenerative and genetic anatomic abnormalities,
and soft tissue releases amongst other factors (Laskin,
1991). The TKA procedure is comprised of a number of
steps that are followed sequentially, and each step may
involve the use of a variety of specialized surgical tools
and equipment. 
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The nuances, problem solving, and troubleshooting that
surround orthopaedic surgery, and surgery in general, is
acquired in the operating room as the trainee/resident is
simultane ously focusing on his/her technical skill. How-
ever, such “hands-on” training of residents leads to in-
creased resource consumption (e.g., monetary, faculty
time, and time in the operating room). A study by Lavernia
et al. (2000) examined the cost of TKA surgery at teaching
hospitals vs. non-teaching hospitals. They found patients
who underwent surgery at a teaching hospital had higher
associated charges ($30,311.00 ±$3,325.00 as opposed to
$23,116.00 ±$3,341.00 in a non-teaching hospital; in US
funds), in addition to longer times in the operating room
(190 ±19 minutes as opposed to 145 ±29 minutes in a non-
teaching hospital). They attribute the increases in resource
consumption to the “hands-on” approach required to train
residents. However, there is a growing trend of decreasing
resident work hours in North America and globally due to
political mandate (Zuckerman, Kubiak, Immerman, &
DiCesare, 2005). This has led to decreased training time
in the operating room and hence less operative exposure,
teaching, and feedback (Weatherby, Rudd, Ervin, & Staff,
2007). Operative time must be maximized in order to
maintain a high level of surgical training. Although the
amount of repetition necessary to obtain the surgical com-
petence required of residents is still unclear, medical lit-
erature suggests that technical expertise is acquired
through years of practice (Ericsson, Krampe, & Tesch-
Romer, 1993) and indicates a positive correlation between
volume and patient outcome (Halm, Lee, & Chassin,
2002). Regardless of the amount of repetition necessary
to obtain the surgical competence that is required of resi-
dents, it is evident that given the increasing time con-
straints, trainees are under great pressure to acquire
complex surgical cognitive and technical skills. Therefore,
efforts must be made to optimize operative room expo-
sure. Furthermore, there is little available time either for
the attending surgeon or the trainee, given other clinical
and academic responsibilities. 

Other available alternative methods for surgical training
include the use of animals, ca davers, or plastic models;
each option with its share of problems (Heng et al., 2004).
More specifically, animal anatomy can vary greatly from
humans, cadavers cannot be used multiple times, and plas-
tic models don’t necessarily provide realistic visual and
haptic feedback (Heng et al., 2004). Simulations offer a
viable alternative to practice in an actual operating room,
offering residents the opportunity to train until they reach
a specific competency level. Sim ulations range from de-

contextualized bench models and Virtual Reality (VR)-
based environments, to high fidelity recreations of actual
operating rooms (Kneebone, 2009). Although VR-based
technologies have been incorporated in the teaching/train-
ing curricula of a large number of professions across var-
ious lines of work (including surgery) for several decades,
the rising popularity of video games has seen a recent push
towards the application of video game-based technologies
to teaching and learning. Serious games, that is video
games whose main purpose is not entertainment but rather
teaching and learning, along with the growing popularity
of video games, particularly with today’s generation of
students/learners, leverage the advances made in the video
game realm to overcome some of the problems and limi -
tations associated with traditional teaching methods, in-
cluding surgical training techniques. Although virtual
simulations and serious games are similar and can employ
identical tech nologies (hardware and software), being a
video game, serious games should strive to be fun and in-
clude some of the primary aspects of games including
challenge, risk, reward, and loss. 

Here we present the design and development of an inter-
active serious game for the purpose of training orthopaedic
surgery residents the series of steps comprising the TKA
procedure, using a problem-based learning approach. Be-
fore implementing the serious game into teaching curric-
ula, the first step, and the purpose of the current
instigation, was to conduct a usability study to address
user perceptions of the game’s ease of use, and the poten-
tial for learning and engagement. We employed an “itera-
tive test-and-design” method whereby the serious game
was refined during the design and implementation phase,
based on the results of the usability study that was con-
ducted with game development experts and orthopaedic
surgery residents. In addition to assisting in the develop-
ment phase, usability test results indicate that the serious
game is easy to use, intuitive, and stimulating. From an
educational perspective, we hypothesize that by learning
the total knee arthroplasty procedure in a fun and interac-
tive “first-person-shooter gaming environment,” that the
trainees will have a better understanding of the cognitive
process and ability to focus solely on the technical aspects
of learning, and will therefore be able to focus on the tech-
nical aspect of the procedure in higher fidelity physical
models or in the operating room (this will be tested in the
future). 

paper organizaTion

The remainder of the paper is organized as follows. A brief
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review of serious games and virtual simulations along with
their use in orthopaedic (knee) surgery is provided in Sec-
tion 2. Details regarding the serious game proposed here
are provided in Section 3. Usability test results are pre-
sented in Section 4, while a discussion, concluding re-
marks, and plans for future research are provided in
Section 5. 

baCKground

Traditional teaching-and-learning environments often do
not address the learning needs of the current generation of
millennial students (the generation raised in the sensory-
flooded environment of digital technology and mass
media e.g., the “Internet generation” (Prensky, 2005)) who
prefer teamwork, experiential activities, structure, and the
use of technology. Fur thermore, traditional classroom
teaching environments present a teacher-centered ap-
proach to learning whereby the teacher controls what is
being learned and when. This is in contrast to the fact that
such approaches have been proven to be ineffective for
today’s generation of students who prefer a learner-cen-
tered teaching approach whereby they (the students) con-
trol the learning through interactivity allowing them to
learn via active, critical learning (Sta pleton, 2004). The
fact that the millennial generation has always been digi-
tally connected has led to a mindset unlike any that med-
ical faculty have ever seen. Understanding this mindset is
an important aspect of educational planning and course
development. Specifically, according to Villeneuve and
MacDonald (2006), this generation does not remember a
time without e-mail, Internet, cell phones, laptop comput-
ers, or video game consoles. In fact, according to a report
released by the Kaiser Family Foundation, 83% of 8 to 18
year-olds have a video game console at home, 56% have
two or more consoles, 55% own a handheld video game
player, and on average, spend about one hour playing
video games every day (Rideout, Roberts, & Foehr, 2005).
Their unique way of being and knowing has largely influ-
enced the learning needs of this generation of students. It
is not surprising that this generation views technology as
a necessity both in life and learning, and highly regards
“doing rather than knowing,” making interactive, experi-
ential learning a necessity for their educational success
(Mangold, 2007). 

Although no particularly clear definition of the term is cur-
rently available, serious games usually refer to games that
are used for training, advertising, simulation, or education,
and are designed to run on personal computers or video
game consoles (Susi, Johannesson, & Backlund, 2007).

Serious games have also been referred to as “games that
do not have entertainment, enjoyment, or fun as their pri-
mary purpose” (Michael & Chen, 2006). A serious game
can more formally be defined as an interactive computer
application, with or without a significant hardware com-
ponent, that (i) has a challenging goal, (ii) is fun to play
and/or engaging, (iii) incorporates some concept of scor-
ing, and (iv) imparts to the user a skill, knowledge, or at-
titude that can be applied to the real world (Bergeron,
2006). Serious games “leverage the power of computer
games to captivate and engage players for a specific pur-
pose such as to develop new knowledge or skills” (Corti,
2006). In addition to promoting learning via interaction,
there are various other benefits to serious games. More
specifically, they allow users to experience situations that
are difficult (even impossible) to achieve in reality due to
a number of factors including cost, time, and safety con-
cerns (Squire & Jenkins, 2003). Serious games support the
development of various skills including analytical and spa-
tial, strategic, recollection, and psychomotor skills as well
as visual selective attention (Mitchell & Savill-Smith,
2004). Further benefits of serious games include improved
self-monitoring, problem recognition and solving, im-
proved short- and long-term memory, and increased social
skills (Mitchell & Savill-Smith, 2004). The term serious
games is rather new, dating back to 1992, but despite its
relatively recent adoption to the field of game develop-
ment, serious games and virtual simulations in general
have been used by the United States military, medical
schools, and in academia before the term was introduced
(Bergeron, 2006). A complete review of serious
games/virtual simulations used by the military, in medical
schools, and in academia, is beyond the scope of this
paper. Here we describe several virtual simulations devel-
oped specifically for orthopaedic (knee) surgery. 

Park et al. (2007) present a virtual simulation system for
total knee replace ment. Their system is based on mechan-
ical computer-aided design (CAD) software and imple-
mented using basic CAD functionality such as shape
modeling, assembly, automation, etc., allowing surgeons
to determine important surgical parameters prior to the op-
eration itself. Ting et al. (2003) describe a VR system for
unicompartmental knee replacement surgery training
using a typical PC-based system and low-cost, six-degrees
of freedom (motion), and three-degrees of freedom
(force/resistive) manual manipulator. They model both the
soft and skeletal tissue of the knee (based on computerized
tomography scans) as well as an assortment of surgical
tools. Using the manual manipulator, trainees are able to
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interact with the model, performing the surgical steps. In
addition to virtual simulations/serious games for total knee
arthroplasty, a num ber of virtual simulations have been
developed for arthroscopic knee surgery. Mabrey et al.
(2000) developed a VR system for arthroscopic knee sur-
gery. Their system consists of a typical PC, video display,
and two force-feedback haptic devices. Forces that would
normally be applied by the surgeon to the lower limb dur-
ing the arthroscopy procedure are directed to a surrogate
leg. Proprietary software provides a mathematical rep -
resentation of the real world while mimicking the mechan-
ical, visual, and behavioral aspects of the knee. Cannon et
al. (2006) describe the development of an arthroscopic VR
knee simulator to train orthopaedic res idents arthroscopic
surgery techniques before they begin to practice with “live
patients” in the operating room. Their simulation employs
realistic human knee models derived from the US National
Library of Medicine’s Visible Human Dataset. Arthro-
scopic virtual simulations have also been developed by
Zhang et al. (2003), and Heng et al. (2004). 

Previous work involving virtual simulations for total knee
arthroplasty, including the sys tems described above, have
ignored the “gaming” element (e.g., risk, reward, loss, and
fun). In contrast, we present a serious game where the goal
is for the user/trainee to successfully complete the TKA
procedure in a fun and interactive “first-person-shooter”
gaming environ ment.  Furthermore, since our long term re-
search goal is to examine how levels of realism affect trans-
fer of knowledge, we have chosen to focus on realism and
more specifically, rendering of very accurate models and
the complex lighting requirements of the operating room. 

The serious game

The TKA serious game is intended to serve as a memory
aid to students learning the procedure and to be used in
conjunction to other “traditional” learning materials in-
cluding books, and videos. The goal is for the user/trainee
to successfully complete the TKA pro cedure, focusing on
the ordering in which steps are performed and on the tools
required to perform each step, as opposed to the technical
aspects of the procedure, while maximizing their score
(points are either added or taken away based on the
trainee’s (player’s) actions). There is also a mechanism in
place to allow “games within the game,” whereby at var-
ious points in the game, the user can be presented with a
“sub-game” where they are required to perform a small
task related to the step they are performing. Currently, sub-
games are restricted to one or two multiple choice ques-
tions randomly selected from a predefined list of

questions. Answering these multiple questions correctly
allows the user to accumulate further points.

oVerVieW

Users begin the serious game in the operating room taking
on the role of the orthopaedic surgeon, viewing the scene
in a first-person perspective. The world is viewed through
the viewpoint of the user’s avatar and as such, the avatar’s
body is not viewed (except for their hand). Several other
non-player characters (NPCs) also appear in the scene in-
cluding the patient (lying on a bed), assistants, and nurses.
Currently, the NPCs are not animated and are not user con-
trollable. Future versions will allow them to be controlled
remotely by other users or controlled using artificial intel-
ligence techniques. The user/trainee has the ability to
move and rotate the “camera” using the mouse in a first-
person style, thus allowing them to move within the scene.
A cursor appears on the screen and the trainee can use this
to point at specific objects and locations in the scene. A
sample screenshot is provided in Figure 1. 

Objects that can be selected will appear to glow when the
cursor is placed over them. “Selectable objects” include
the NPCs (assistants and nurses) in addition to the surgical
tools. When a highlighted object is clicked on, a menu ap-
pears providing a list of selectable options for this particu-
lar object. For example, clicking on a nurse or an assistant
allows the user to interact with them (e.g., ask them to hand
over a particular tool or perform a specific task; see Figure
2(a)). The surgical tools are also selected using the cursor
and once a particular tool is selected, the tool appears in
the hands of the user’s avatar. Such as, after requesting the
drill, the drill appears in the hand of the user’s avatar (see
Figure 2(b)). Once the tool has been chosen, if the patient’s

Figure 1. Sample screenshot of the environment as
seen by the user’s avatar in a first-person per spective –

only the user’s avatar hand is visible.
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knee is selected using the cursor, a menu appears providing
the user a list of options corresponding to that step. For in-
stance, if the user chooses the scalpel and then clicks the
patient’s knee, a menu appears prompting the user to
choose how big the incisions should be. 

Once the correct step is chosen, they will be asked a mul-
tiple choice question to test their knowledge of that step.
Answering correctly results in a number of “points” earned
which are added to an accumulating score. If the user an-
swers the multiple choice question incorrectly, they are cor-
rected by an “animated angry assistant” in the form of
dialogue speech (that, as described below, is voice acted
and is intended to provide a “fun” factor) along with text
and/or illustrations (in a pop-up window) to ensure they
understand why their answer was incorrect (see Figure 3).
If they answer the question correctly, they are presented a

short video segment illustrating a surgeon performing that
particular step on a “real” patient with the surgeon narrating
the details of the step). If the user chooses an incorrect
tool(s) for the corresponding step or performs a step out of
order, he/she is also corrected once again by an “animated
angry assistant” and are presented a text description often
accompanied by a diagram of the procedure (see Figure 3).
When the procedure is complete, the player is shown a
score card listing the number of questions answered incor-
rectly, the number of tools selected out of order, and the
overall score (as a percentage of correct responses (see Fig-
ure 4 for a sample score card)). 

TeChniCal deTails

Graphics

The 3-D rendering engine was built “in-house” using the C++
programming language and the OpenGL 3-D graphics API. 

Figure 2. Sample screenshots: (a, top) Choosing the se-
lectable surgical assistant/nurse results in the menu

providing the user with a list of potential tools they can
choose; (b, bottom) After choosing the surgical drill,

the drill is in the hand of the user’s avatar. The user can
then proceed to perform the appropriate next step. Figure 3. Sample screenshots: If the user chooses an

incorrect tool(s) for the corresponding step or performs
a step out of order, they are corrected once again by an
“animated angry assistant” and are presented a short
video segment illustrating a surgeon performing that

particular step on a “real” patient with the surgeon nar-
rating the details of the step, or with detailed informa-

tion (text and images) regarding the procedure.  

Cowan et al.
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Rendering in real-time was accomplished using the graphics
processing unit (GPU); “shaders” (GPU-based software)
were written using the OpenGL shading language (GLSL)
(Rost, 2006). Sound effects were rendered using the FMOD
music and sound effects system. The operating room was
faithfully modeled after an actual operating room at Mount
Sinai Hospital in Toronto, Canada. Low polygon count
models were developed using the Maya 3-D modeling and
visual effects software, and 3-Ds Max modeling and ren-
dering software. The Z-Brush “digital sculpting” tool was
used to develop a high polygon count version of the models
originally developed with Maya. Mental Ray was used for
“baking” and simulating the light, UVLayout was used to
apply UV mapping to all the models, and Xnormal was used
for “baking” all the model normal maps. Finally, the serious
game is unique in that it utilizes video game effects such as
“outer glow” (the outer glow is used to indicate a “selectable
object”), “reflection mapping,” and “bloom filtering,” to
generate realistic metal surfaces (for the tools, lights, etc.).
Such effects are accomplished using the graphics hardware
to ensure real-time frame rates. 

The menus and pop-up windows are designed to look and
behave similar to typical webpages to ensure the interface
is intuitive and familiar to the majority of users. The “click-
able” text appearing in a menu and pop-up window is blue
just like typical links found on a webpage while non-click-
able text appears black. Clickable text also changes to a
lighter blue when the mouse is over it, again imitating typ-
ical webpages. Users can click on the red “X” in the top
right corner of the menu/pop-up window to close the menu
similar to a web browser. 

Game sound

Background sound included a recording made during an
actual total knee replacement surgical procedure in an op-
erating room. Although the background sound does not in-
clude any dialogue, it does capture the typical ambient
sounds present during the TKA procedure including the
prominent sound of the anaesthetic machine. Background
(mono) sound recordings were made using a Zoom H4n
portable field recorder with a 24-bit quantization level and
a 44.1 kHz sample rate. 

Dialogue (speech) from the nurses and surgical assistants
is included within the game. Dialogue/speech is used for
output only to provide the user with feedback, and an indi-
cation of how well or poorly the user is doing. Dialogue is
also used to increase the game’s “fun factor.” For example,
if the surgeon asks for the incorrect tool at a particular step
in the procedure, the nurse/surgical assistant may respond
with the following phrases: “Are you sure that’s what you
want,” or “Oh, that’s not what we usually use next.” If the
user progresses through a number of steps of the procedure
correctly, the nurse/surgical assistant may respond with:
“Doctor, you really are on the ball today.” In addition,
speech that is commonly heard throughout the knee replace-
ment procedure is also output at various stages of the game.
Several sample speech phrases are provided in Table 1. 

A Serious Game for Total Knee Arthroplasty

Figure 4

Sample score card provided to the user after 
completion of the procedure.

section sample line

Inquiries (calm)
“Doctor, we are prepared to

begin.”

Inquiries (hurried) “We're on the clock, doctor.”

Correct responses
“Check.”

Incorrect responses
“This looks like a job for a dif-

ferent surgical instrument.”

Joke (incorrect) “Doctor, that's the wrong leg.”

Table 1
Sample dialogue spoken by the nurse/surgical assistant

to the surgeon/user



JCR

291

Two voice actors were used for the dialogue/speech and
the recordings were made in an Eckel audiometric room
to limit external noise/interference. Dialogue was recorded
using Digidesign’s Pro Tools LE v 7.1 (with a 24-bit quan-
tization level, and a 44.1 kHz sample rate) and an Apex
415 studio condenser microphone (omni-directional polar
pattern). 

preliminary usabiliTy sTudy resulTs

As previously described, the serious game was developed
using an “iterative test-and -design” methodology
whereby the final implementation accounted for the feed-
back from or thopaedic surgery residents, and game de-
velopment students obtained via a usability study
(institutional ethics approval was obtained for this study).
Usability studies were carried out in a focus group setting
in which the participants were provided a brief (five
minute) overview of the serious game (purpose, how to
use it, etc.), followed by a 30 minute exploratory period
that involved using the serious game and freely exploring
its interface/options. Finally, par ticipants were asked to
complete a brief questionnaire which comprised a subset
of questions (32) from the Questionnaire for User Inter-
action Satisfaction (QUIS) (Shneiderman, 1998). QUIS
is a tool developed by a multidisciplinary team of re-
searchers to assess users’ subjective satisfaction with spe-
cific aspects of the human-computer interface and is
highly reliable across many types of interfaces (Shneider-
man, 1998). The questions measure the users’ overall
satis faction with some aspect of the interface, and the fac-
tors that make up that facet on a 9-point scale. In addition
to the QUIS-based questions, the questionnaire contained

several “open- ended” questions where participants were
asked for any comments/suggestions regarding the seri-
ous game and more specifically, its graphical user inter-
face. The participants consisted of seven unpaid senior
students from the Game Development program at the
University of Ontario Institute of Technology, and four
unpaid orthopaedic surgery residents from the De -
partment of Surgery, University of Toronto. Two separate
sessions were held – one session for the game develop-
ment students and the other for the orthopaedic surgery
residents. In total, each focus group session lasted approx-
imately one hour. A small sample size was employed in
order to perform an “initial assessment” test to detect and
correct the majority of usability issues (if any) early in
the design phase prior to the final serious game imple-
mentation (i.e., to allow for an “iterative test-and-design”
manner) (Turner, Lewis, & Nielson, 2006; Virzi, 1992). 

The following features were highlighted by the partici-
pants as necessary in order to en hance realism, navigation,
immersion, and educational benefit and have been taken
into ac count in the current implementation stage: 

1. Provide various alternatives for moving objects (e.g.,

both mouse, and “W, A, S, D” keys). 

2. Rendering effects are very important.

3. Incorporate videos of some of the procedure tasks as a

source of information. 

4. Incorporate audio/sound cues while performing the tasks. 

Cowan et al.
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5. Allow users to select the level of difficulty for a given task. 

6. Provide training strategies on the features and use of

the game such as an instructional webpage or educational

workshops. 

7. Lack of time is a potential threat to using such types of

games. 

The 32 QUIS-based questions were classified into four
categories: 

1. Overall reactions to the system. 

2. Graphics and sound.

3. Learning. 

4. System capabilities. 

A summary of the results appear in the bar graphs of Fig-
ures 5-8 where, for each question in each category, the
number of responses from each of the 10 choices (1-9 in
addition to N/A or non-applicable) is shown (color coded).
The results from Category 1 are shown in Figure 5. The
majority of participants believed that the serious game was
good, were satisfied with it, and believed that it was ade-
quately stimulating and easy to use. 

Category 2 results are shown in Figure 6. The majority of
participants indicated that the serious game had good
graphics, found the highlighting feature (used to indicate
a “clickable” object) to be useful, and found that the
amount of information provided was adequate and logi-
cally arranged on the screen. 

Figure 6(a, top, b, bottom). Results: Graphics and sound.

A Serious Game for Total Knee Arthroplasty
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Category 3 results are shown in Figure 7. The majority of
participants indicated that the serious game was adequate
with respect to allowing them to learn how to operate it,
to learn advanced features, to explore and discover new
features, and to remember previously used commands.
Moreover, participants believed that the serious game was
properly designed to provide a logical sequence to com-
plete tasks and that it provides feedback on the completion
of particular steps. 

The results from Category 4 are shown in Figure 8. The
majority of participants indicated that the system was
fast enough with respect to response time for most op-
erations and the display of information. They also indi-
cated that the serious game was adequately reliable,
failures rarely occurred, that it provided them the op-
portunity to correct mistakes, that it provided the ability
to undo operations, and that it adjusted to the user’s
prior experience level.

Figure 7

(a to c, top 

to bottom). 

Results:
Learning.

Cowan et al.
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disCussion and summary

Total knee arthroplasty (TKA) is a commonly performed
surgical procedure whereby knee joint surfaces are replaced
with metal and polyethelene components that serve to func-
tion in the way that bone and cartilage previously had. Sur-
gical training has predominantly taken place in operating
rooms placing a drain on the limited available operating
room re sources. Simulations, both physical and virtual,
have been effectively used to complement residents’ train-
ing and education. Serious games, or the use of video game-
based technolo gies for applications whose primary purpose
is other than entertainment, have become very popular. In
addition to promoting learning via interaction, serious
games allow users to ex perience situations that are difficult
(even impossible) to achieve in reality and they support the

development of various skills including analytical and spa-
tial, strategic, recollection, and psychomotor skills as well
as visual selective attention. Here we described a serious
game that leverages the power of computer games to cap-
tivate and engage orthopaedic surgery residents, while train-
ing and educating them about total knee arthroplasty
procedures in a fun and engaging manner. 

An initial usability study confirms that the serious game
is easy to use, intuitive, and stim ulating. The purpose of
the usability test was two-fold: (i) to perform an “initial
assessment test” of the serious game; and (ii) to obtain and
incorporate any comments regarding the seri ous game and
more specifically, the user interface into the final imple-
mentation. Despite the small number of participants (11),

A Serious Game for Total Knee Arthroplasty

Figure 8(a, top, b, bottom). Results: System capabilities.
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previous influential studies that have investigated sample
size with respect to usability studies have revealed that the
majority of usability problems are detected with the first
three to five participants. Also, more importantly, when
including additional participants within the same study it
is unlikely any new information will be re vealed (Lewis,
1994; Nielson & Landaurers, 1993; Turner et al., 2006;
Virzi, 1992). Virzi (1993) claims that running usability
tests using small samples in an iterative test-and-design
fashion will identify most usability problems and lead to
both time and money savings. This claim is based on the
outcome of a series of earlier experiments conducted by
Virzi (1992): (i) observing four or five participants allows
practitioners to discover 80% of a product’s us ability prob-
lems; (ii) observing additional participants reveals fewer
and fewer new usability problems; and (iii) the most se-
vere usability problems are detected by the first few
partici pants. It should be noted that although the usability
results are positive and encouraging, the results only per-
tain to the interface and not to the effectiveness of the se-
rious game. The effectiveness of the serious game as an
educational aid will be examined in future work. 

Although residents are able to read about the TKA proce-
dure in various available text books and manuals, we have
decided to take a situated learning approach in which the
learn ing environment is modeled on the context whereby
the knowledge is expected to be applied (Brown, Collins,
& Duguid, 1989; Dalgarno & Lee, 2010; Lave & Wenger,
1991; Ruzic, 1999). In other words, given that the trainees
will be applying their acquired knowledge and skills in an
operating room, the serious game places the trainee in this
same context, taking on the role of the surgeon. Further-
more, 3-D technologies (graphical and sound rendering)
are employed to provide sensory realism consistent with
the real world, ensuring that the knowledge gained within
the serious game can be more easily recalled and applied
when the trainee is placed in the real world scenario (Dal-
garno & Lee, 2010). 

KnoWledge TranslaTion

The recent translation trend of research-derived knowl-
edge into actual practice, implies that some thought should
be given by researchers regarding the knowledge (i.e., re-
search product) that should be put into practice and to
which audience, keeping in mind how the knowledge
could be used (Tetroe, 2007). This process is called knowl-
edge translation (KT) and the strategies designed by re-
searchers to provide a match between the expected
research findings and the targeted knowledge-user(s) are

referred to as KT plans (Ross, Goering, Ja cobson, & But-
terill, 2007). In following this trend, we have decided to
provide a KT structure to the development and testing of
the serious game described in this paper. Although the im-
pact of the KT approach can only be assessed once the
TKA serious game has been for mally “field-tested,” we
believe that a strategy to increase the KT effectiveness is
to engage the potential end-users (e.g., the orthopaedic
surgery residents) early in the design and im plementation
of the game. 

In terms of the overall KT plan that we are concurrently
formulating, the main issues to be addressed will be, (i)
persuading end-users that a serious game is an effective
learning tool, and (ii) assisting them in integrating the se-
rious game within their training activities. Consequently,
as part of our future work, we will also conduct a usability
study with a larger pool of end-users in order to both
gauge their perceptions on the final version of the game
and to refine the knowledge translation strategies that
should be implemented during the educational encounter.
Amongst them, we are considering the possibility of im-
plementing face-to-face interactive workshops, as well as
creating an online community of practice, which have
been identified in the literature as some of the most ef-
fective KT methods (Grol & Grimshaw, 2003). The fea-
sibility of the KT plan will be tested in future work by
conducting educational studies on the effectiveness of
using a serious game as a complement to traditional
teaching materials to train orthopaedic surgery residents
in total knee arthroplasty. 

fuTure WorK

In addition to testing the effectiveness of the serious game
as an educational aid by incor porating it into the or-
thopaedic surgery training curriculum as previously de-
scribed, from the technological perspective, future work
will also investigate the factors that will lead to a max -
imum transfer of knowledge and retention for users of
games for learning and training with respect to game pa-
rameters. This will include examining (i) do “better,” more
realistic graph ical and sound cues lead to greater transfer
of knowledge, and (ii) how do multi-cues (graphical and
auditory cues in particular) interact and affect the transfer
of knowledge? Given very realistic, high quality models,
lower quality models can easily be derived. This provides
the opportunity to develop various versions of the serious
game (with respect to visual/graphics- based quality) and
examine how levels of realism affect transfer of knowl-
edge. Finally, future work will also include incorporating

Cowan et al.
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artificial intelligence (AI) techniques and predefined mo -
tions into the non-playing characters (NPCs) providing
them with more realistic behaviors. 
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Comparing experT and noViCe spaTial 

represenTaTion on The basis of Vr simula-

Tion, mri images, and physiCal obJeCTs

Axel Thomas Stadie1, Ines Degenhardt2, Gerardo Conesa3, Robert Reisch4, 
Ralf Alfons Kockro5, Gerrit Fischer1 and Heiko Hecht2

Progress in medical imaging and refined methods of surgery planning, such as Virtual Reality (VR),
call for an investigation of the acquisition of three-dimensional (3-D) anatomical knowledge as a crucial
goal of medical education. This study compared the efficacy to reconstruct a 3-D arrangement of objects
that was either presented as a real model, as magnetic resonance images (MRI), or as a VR model.

From April 2005 to June 2006 two groups, experienced neurosurgeons and medical students in their
fourth year of medical education, studied a three-dimensional arrangement of water-filled plastic objects
either as a real model, using a VR workstation, or by examining the MRI images. They were then asked
to reconstruct the model as accurately as possible. The reconstructed models were then compared to
the respective original models.

The most accurate reconstructions were achieved when the participants had memorized the real model.
VR visualization produced larger errors, and reconstruction accuracy based on MRI scans was worst.
Neurosurgeons did not perform better than students. 

Our results show that, compared to standard MRI scans, the accuracy of mental representation does
benefit from the stereoscopic rendering of the model, which has been built from sequential MRI scans.
However, best results were achieved when learning from the original model. Thus, VR is beneficial
and at the same time there is room for further improvement when trying to optimize the visual basis
for anatomy training and surgery planning, both for expert as well as for novice surgeons.

Keywords: Adult Learning, Interactive Learning Environments, Simulation, 
Teaching/learning Strategies, Virtual Reality

inTroduCTion

Spatial understanding (a person’s aptitude for understand-
ing 3-D structures and positions of objects) in anatomy is
required for many clinical tasks especially in surgery.
(Levinson, Weaver, Garside, McGinn, & Norman, 2007)
Although this ability has been under research since Shep-

ard‘s and Metzler‘s work in 1971, it is still poorly under-
stood in the applied domain. (Shepard & Metzler, 1971).

In neurosurgery, spatial understanding is needed by the
surgeon to plan the intervention. A neurosurgical operation
is usually planned by the surgeon who obtains a represen-
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tation of the patho-anatomical situation on the basis of
computed tomography (CT) and/or magnetic resonance
images (MRI) of the patient. The surgeon thus has to cre-
ate a 3-D mental image, the so-called mental representa-
tion, entirely based on two-dimensional (2-D) information.

Since CT and MRI scans are sequential computer-gener-
ated images, it is possible to transform them into 3-D VR
models, thus visualizing the patho-anatomical situation
stereoscopically in a detailed way. (Kockro, et al., 1999;
Kockro, et al., 2000)  The influence of 3-D VR computer
visualizations has been examined in recent studies espe-
cially in teaching medical students and residents.

Our first experiences of VR-aided surgery planning have
been encouraging. (Stadie, et al., 2008) The results are
comparable to a study of Hariri and co-workers. Students
who learned anatomy using a VR simulator indicated that
they were more likely to use the VR simulator as a learn-
ing tool than a textbook group was willing to use the text-
book (Hariri, Rawn, Srivastava, Youngblood, & Ladd,
2004).

However, some important aspects of the effects of VR-
aided learning have not yet been addressed. To this date,
the studies that have been conducted to clarify the influ-
ence of VR-aided teaching focused on students. The ben-
efit of VR for experienced neurosurgeons, who are used
to building complex 3-D representations from two-dimen-
sional images, has not yet been elucidated. One would ex-
pect experienced surgeons to perform better than
inexperienced students, but do both groups benefit equally
from 3-D visualization?

The effects of VR-enhanced learning have been compared
to textbook learning but not to image-based learning, al-
though in a clinical situation the surgeon often has to un-
derstand the anatomical situation based on CT or MRI
scans. (A. Garg, Norman, Spero, & Maheshwari, 1999; A.
X. Garg, Norman, & Sperotable, 2001; A. X. Garg, Nor-
man, Eva, Spero, & Sharan, 2002; Hariri, et al., 2004;
Levinson, et al., 2007). Another goal of the current study
was to examine a realistic anatomical situation that fea-
tured a complex 3-D configuration not thus far considered
by existing studies (A. Garg, et al., 1999; Levinson, et al.,
2007). Additionally, we did not want to evaluate anatom-
ical knowledge in a “point and identify” manner, (Hariri,
et al., 2004) but rather directly test spatial knowledge.

An important but not yet fully understood aspect in the

use of electronic enhanced learning relates to the degree
of learner control over study materials (Levinson, et al.,
2007). While in a first study, Garg and colleagues found
that multiple views had no overall instructional advantage
over a simple presentation of key views. They found in a
more recent study that self-directed examination of an ob-
ject from multiple different perspectives improves spatial
learning (A. Garg, et al., 1999; A. X. Garg, et al., 2001).
This was also observed by Jang and coworkers. They
found that active manipulation of a complex 3-D structure
with an intuitive interface aids in developing an accurate
internal representation of the structure (Jang, Black, &
Jyung, 2007).

We sought to compare the exactness of the mental repre-
sentation based on the object being actively rotated in VR
as opposed to the representation based on planar MRI
scans of the object. We present a prospective, randomized,
and multi-centric study. In this study we examined how
actively rotating a complex 3-D model in VR by using an
intuitive joystick enhanced the development of a precise
mental representation. The results were compared to those
gained by learning the setup of that model from serial MRI
scans and by looking at the real model. Additionally, we
compared the benefits of VR-enhanced learning for stu-
dents and experienced neurosurgeons.

maTerials and meThods

parTiCipanTs

We examined 33 surgeons (9 female, 24 male) and 32
medical students (26 female, six male). A mandatory re-
quirement for taking part in the study was normal stereo
vision as tested with the Randot SO-002 stereo test of
Stereo Optical, Inc., Chicago, USA.

Surgeons (Group 1) needed to have at least two years of
professional experience. They were either working in the
University Clinic of Mainz, Germany, or in the Hospital
Clinic de Barcelona, Spain. Their mean age was 37 years
(standard deviation = 8.52 years; range = 26-56 years).
Medical students (Group 2) had to be at least in their 7th
semester and were all enrolled at the Johannes Gutenberg-
University, Mainz, Germany. Their mean age was 24.7
years (standard deviation = 2.11; range = 22-32 years).
The tests were always performed with one single partici-
pant. Students received an allowance of 10,€. Spatial abil-
ity was assessed before and after the examination by
administering a subscale of a standard intelligence test
(subtest “Würfelaufgaben“ of the I-S-T 2000 R)
(Amthauer, Brocke, Liepmann, & Beauducel, 2001). 
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maTerials

To compare 3-D and 2-D visualization of spatial arrange-
ments, we constructed a 3-D object using Lego building
blocks and three plastic objects resembling fruit (pear,
strawberry, orange). The objects were filled with water to
make them visible on the MRI-scan. The objects’ longi-
tudinal axis was marked using a wooden toothpick that
protruded on either end. The midpoint of the longitudinal
axis defined also the center-point of the object. The three
objects were placed at defined orientations and positions
above a ground plane using the Lego blocks (see Fig. 1a).
The first setup was named model 1. A second setup in
which the spatial arrangement of the three objects had
been changed was named model 2. 

We acquired MRI scans for both models (Siemens Sonata
1.5 T, 240 slices, T1w, slice thickness 1,5 mm, no gap). 3-
D visualization was achieved by building a VR model out
of the MRI dataset using a Dextroscope of Volume Inter-
actions, Singapore and the Radiodexter Software 1.0 (Fig.
1b). For a detailed description of the VR workstation refer
to the article of Kockro and coworkers (Kockro, et al.,
2000). 2-D visualization was achieved by printouts of the
MRI data. The printouts consisted of two sheets containing
20 evenly sampled MRI slices for each model (Fig. 1c). 

design of The experimenT

experimenTal subgroups

In the subgroup “Real“ one of the original Lego models

was presented to the participants. Participants were al-
lowed to look at the model from all angles but not to move
it actively in order to prevent the water filled objects from
toppling off the Lego bricks. The subgroup “VR“ re-
ceived a visualization of the objects using the Dextro-
scope. The VR objects were moved actively by the
participants and could thus be viewed from all sides. 

The subgroup “MRI“ consisted of the presentation of two
sheets showing the MRI data (total of 40 slices). In both
subgroups “VR“ and “MRI“, only the water-filled plastic
objects were visible because the Lego blocks were practi-
cally not detectable by MRI. Technically, the creation of
a colored VR model also displaying the Lego bricks would
have been possible. We decided against it since a colored
MRI cannot be created and the VR model should match
the MRI slices. Thus the dynamic aspect of VR was the
only difference between the conditions. We counterbal-
anced the order in which the two different models (model
1 or 2) were presented. To compare 3-D and 2-D visuali-
zation, participants were asked to reconstruct the disas-
sembled model as accurately as possible after having
learned the spatial relationships either by examining the
real model, the VR model, or the MRI scans. Participants
were allowed three minutes to memorize the spatial
arrangement and five minutes for reconstructing the model
using the same materials that had been used to construct
the original models.

randomizaTion

Surgeons and students were each assigned to one of the
three subgroups (Real, VR, MRI). Students were assigned
randomly. To attain an equal distribution of expertise, sur-
geons were assigned to a subgroup in a pseudo-random-
ized fashion. Professional experience was used to classify
the experience in analyzing tomographic examinations. 10
years of professional experience corresponded with the
50% percentile. 

The first surgeons were assigned to a subgroup by drawing
straws. The next surgeon with a comparable professional
experience was then assigned – again by drawing a straw
- to one of the two remaining subgroups. The third surgeon
with a comparable professional experience was then as-
signed to the last subgroup. Then the procedure was re-
peated. This ensured comparable degrees of expertise in
each subgroup.

Each participant reconstructed both models (Model 1 and
Model 2). The order of which model was reconstructed

Stadie et al.

Figure 1. a. Exemplar view of one experimental setup,
which was viewed directly or via imaging, and which

had to be reconstructed later. Note that the LEGO
bricks and the LEGO ground-plate are visible. b.

Image showing the initial VR screen of model 1. Note
that the Lego bricks are not visible in the VR model. c.
MRI images of model 1. Note that the Lego bricks are

barely visible in the MRI scan.
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first was counterbalanced such that an equal number of
participants started with a given model in each subgroup.

proCedure

At first, demographic features were obtained and the abil-
ity to view stereoscopically was tested. All participants
then had to complete the spatial intelligence subtest “Wür-
felaufgaben“ of the I-S-T 2000R (Amthauer, et al., 2001).
Afterwards, all participants completed a five-minute VR
workstation training session, even if not needed later on.
According to the assigned subgroup, they were then
shown either the original (“Real“) or the visualized model
(“MRI“, “VR“). After three minutes of memorizing the
model, they were allowed five minutes to reconstruct the
objects of the physical model in position and orientation.
Then the second model was viewed and reconstructed. In
the end, a questionnaire was filled out by all participants
assessing their subjective experience concerning tomo-
graphic imaging and subjective accuracy of their recon-
structions. The test duration was 45 minutes.

daTa aCQuisiTion

The model was measured within a Cartesian coordinate
system. The x-axis defined left-right, the y-axis up-down,
and the z-axis the forward-backward direction. To define
an object’s position in this Cartesian coordinate system,
the center of each object was determined from the x-, y-,
and z-values of the toothpicks' endpoints, measured in cm.
In the next step the vertical elevation angle (alpha) and the
horizontal azimuth angle (beta) of the longitudinal axis
were measured to determine the object's orientation. The
differences between the model and the reconstruction were
measured in two ways. Firstly, and most importantly, we
determined the Euclidean distance between the center-
point of model and reconstruction. This was done by tak-
ing the square root of the summed x-, y-, and z-distances.
Secondly, the differences between azimuth and elevation
angles were analyzed separately.  For all difference meas-
ures between model and reconstruction absolute, unsigned
errors were used.  All mathematical and statistical calcu-
lations were made using the SPSS software (Version 15.0
of SPSS Inc., Chicago, Illinois, USA). Prior to testing our
hypothesis, all interval-scaled variables were checked for
normal distribution. 

resulTs

loCalizaTion errors measured as euClidean dis-

TanCes of The CenTer-poinTs

First, we checked for systematic differences between the
first and the second reconstruction attempt that our ob-

servers made. Such a difference was not found, thus, we
computed the average error scores across both reconstruc-
tions. The aggregate error score was then used as depend-
ent measure in an Analysis of Variance (ANOVA) with the
independent factors of Group (Students vs. Expert Sur-
geons) and Condition (Real object, VR, and sequential
MRI-images). 

Figure 2 shows the average Euclidean reconstruction er-
rors by Group and by Condition. Clearly, reconstruction
on the basis of the real object was most accurate, followed
by the 3-D-visualization (VR). All participants produced
the largest Euclidean distance errors when (re)constructing
the objects on the basis of the MRI images. The ANOVA
confirms this impression, the factor condition produced a
significant main effect [F(2,52) = 19.24, p = .046, ηp2 =
.95]. Post-hoc comparisons with Bonferroni-corrected t-
tests between the three conditions likewise revealed that
reconstruction with the Real model was significantly bet-
ter than the VR group, and the latter was significantly bet-
ter than the MRI group (all p-values < .01).  The slight
difference between the student group and the expert group
in the MRI condition failed to reach significance  [F(1,52)
= 1.23, p = .371, ηp2 = .35]. None of the interactions were
significant.

When looking at individual performances as well as group
performance for each model that had to be reconstructed,
the general impression gleaned from the Euclidean dis-
tance errors was confirmed. Figure 3 shows the distribu-
tion data separately for each group of experts and students.
Note the large variability in performance. Also note that
all models show the same pattern.

orienTaTion errors

Alpha angles (elevation) in degrees differed significantly
according to an ANOVA on the average errors from both
model reconstructions (see Figure 4). Expert surgeons
were significantly better than medical students [F(1,58) =
10.25, p = .002, ηp2 = .15]. As visible in Figure 4, the su-
periority of experts was mainly manifest in reconstructing
the vertical orientation of the object from MRI images.
The same ANOVA revealed a main effect of condition, er-
rors in the MRI condition were overall significantly larger
than in the other conditions [F(2,58) = 9.49, p < .001, ηp2
= .25], The interaction between condition and expertise
was not significant.

Azimuth angle errors (beta) are shown in Figure 5. Experts
and students did not differ significantly from one another

Mental Representation Following VR or MRI Inspection
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in a separate ANOVA on azimuth errors averaged across
both model reconstructions. The horizontal orientation
error was smallest for the Real objects, second smallest
for the VR condition, and largest for the MRI condition
[F(2,58) = 7.42, p = .001, ηp2 = .20]. Interactions were
not significant.

Surprisingly, spatial intelligence did not correlate with the
quality of reconstructions (p-value > 0.1). That is, partic-
ipants with relatively high scores on spatial intelligence
did not outperform those with lower scores. Presumably,
both our groups, medical students and surgeons alike were
already preselected on this criterion of superior spatial
ability. Neither did the level of expertise interact with
the task. The number of years of surgery experience did
not correlate positively with performance. Reconstructions
from MRI or VR images were inferior to reconstructions
from the real scene for all participants. Thus, the experi-
ence of constructing internal 3-D representations of organ

and tissue locations did not help to extract the volume in-
formation from MRI scans.

subJeCTiVe impressions

The questionnaire revealed that participants regarded the
virtual reality display of the models and their handling
with the Dextroscope as user friendly and comfortable, as
expressed in the good grade (M = 1.59 for experts, M =
1.97 for novices) on a five-point scale (1 = very user
friendly, 5 = very hard to use). Experts found the VR
trainer slightly better than did the novices, by a significant
but very small margin [F(2,58) = 5.70, p = .02, ηp2 =
.089]. The rating of user-friendliness did not change as a
function of experimental condition.

Both experts and novices who were in the Real object con-
dition reported higher subjective accuracy of reconstruc-
tions scores than did participants in the VR and MRI
groups [F(2,58) = 5.20, p = .008, ηp2 = .15].

Figure 2. Av-
erage distance
errors by ex-
perimental
Group (Real
objects, 3-D
visualization
per VR, and
MRI). Errors
were defined
as the Euclid-
ean distance
between the
midpoint of
the actual ob-
ject and its re-
constructed
position.
Open circles
represent av-
erage errors
for the expert
surgeons (av-
eraged across
both recon-
structions of
model 1 and
model 2).
Filled squares
represent the
student par-
ticipants.
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disCussion

VR should provide a decisive advantage in medicine be-
cause of its ability to supply direct 3-D experience. How-
ever, upon closer inspection the benefits for medicine are
not quite so obvious. We do not fully understand if this 

new technology may help the surgeon, or if reliance on 2-
D images is sufficient (Gorman, Meier, & Krummel,
1999; Kockro, et al., 2000). To investigate the matter we
asked six groups of observers to first view three objects
and to remember their positions and orientations with re-
spect to a ground surface. Then, observers had to recon-
struct the arrangement from memory. The groups differed
in their expertise (surgeons vs. medical students) and the
viewing condition in the learning phase.  One group at
each expertise level could learn from Real objects, a 3-D-
rendering of the objects (VR), or a sequence of MRI-pic-
tures.

Not surprisingly, the groups who could learn from the real
objects produced the best reconstructions. When regarding
the average distance of the reconstructed object center
from the actual object center, this distance error was 1 cm.
This is quite remarkable as no reference points other than
the Lego ground plane were provided. The distance error
increased to about 3 cm when the mental representation
was based on the 3-D-visualization of the MRI-data. Fi-
nally, when the MRI-pictures served as the information
source about the objects, distance errors were largest,
around 5 cm. Students did just as well as experts in all
conditions, with the only exception of vertical object ori-
entation. Experts were better to reproduce this elevation
angle.

We have to bear in mind that the real model contained
more information than MRI scans or the VR model. Since
the support of the objects (Lego bricks) was practically in-

Mental Representation Following VR or MRI Inspection

Figure 3. Box plot diagrams of the results of the recon-
structions separated by localization errors per axis. The

center of the box represents the median value.  The
box comprises 50 % of the values (2nd and 3rd quar-
tile) in that group, Numbers outside the box indicate

outliers. One box each for the x-, y-, and z-dimension
are plotted. a. Reconstruction of model 1 (expert sur-
geons).  b. Reconstruction of model 1 (students).  c.

Reconstruction of model 2 (surgeons). d. Reconstruc-
tion of model 2 (students). 

Figure 4. Average elevation errors (alpha) reflecting the
accuracy of the vertical orientation of the objects. Er-
rors were averaged across all three fruit objects and

both models independently for each group of partici-
pants. Error bars indicate standard errors of the mean.

Figure 5. Average azimuth errors (beta) reflecting the
accuracy of the horizontal orientation of the objects.

Errors were averaged across all three fruit objects and
both models independently for each group of partici-
pants. Error bars indicate standard errors of the mean.



JCR

305

visible in the MRI and the VR condition, one might as-
sume that the support provided important information
about the height of the object. This information had to be
inferred for the MRI and the VR model (Fig. 2a). By sim-
ply counting the Lego bricks, quantitative spatial informa-
tion could have been gained. This might be an advantage
for the real model leading to the observed more accurate
reconstruction. However, our participants have not re-
ported such strategies. To rule out this effect entirely, fur-
ther investigations are needed which use different models
further closing the gap between true 3-D and realistic VR.
Additionally, the real model displayed the Lego ground
plate and color information, which were absent in the MRI
and VR models.  Possibly, by using the full capabilities of
a VR workstation, the results for the VR group will come
closer to those of the real model group. 

Multiple views have been found to aid in learning 3-D
anatomic details. We could confirm these findings (A. X.
Garg, et al., 2001; Kockro, et al., 1999), but note that there
are cases that failed to find a general superiority of multi-
ple views in learning anatomy (A. Garg, et al., 1999; A.
X. Garg, et al., 2002; Hariri, et al., 2004). In our study VR-
visualization showed a significant benefit. 

Despite some evidence that individuals learn more when
given control over their instruction, most of the existing
literature suggests that increased learner control courses
are not effective for people with little previous experi-
ence, or with low meta-cognitive capabilities (Levinson,
et al., 2007). In our study, the test persons had a high de-
gree of learner control. They were allowed to manipulate
the VR model such that they were absolutely free to look
at it in any way they wanted to. The superiority of VR to
MRI in our experiment may be due to this active control,
as some earlier studies would suggest (A. X. Garg, et al.,
2001; Kockro, et al., 1999). However, in the MRI-con-
dition observers also could control the images by rotating
them, holding them up, etc. Thus, it seems likely that it
is the particular case of controlling a 3-D object that
makes the decisive difference. It has been hypothesized
that learners spend about 80% of the total time looking
at so-called key or near key views when they are allowed
to control the views. Key views are those views that are
typically displayed in anatomical textbooks, e.g. ante-
rior-posterior or lateral views. Having to deal with mul-
tiple orientations may depress learning by exerting undue
cognitive load on the learner and decrease the learner‘s
ability to lay down new memories. Levinson and co-

workers suggest that learners may have to convert the
more unfamiliar, oblique orientations into more familiar
key representations. This process would effectively in-
crease the cognitive load of the task (Levinson, et al.,
2007). Other authors confirm these findings (A. Garg, et
al., 1999; A. X. Garg, et al., 2002; Hariri, et al., 2004).
This would also explain why our experts were superior
to the novices on the parameter of vertical object orien-
tation only.

We had expected that neurosurgeons that are used to deal-
ing with MRI or CT scans on a daily basis would produce
better results reconstructing a 3-D model. Why were med-
ical students just as good as the experts? They all lacked
surgical practice.  One explanation is that the task of our
experiment was too far removed from representational de-
mands in real-world surgery scenarios. Alternatively, our
students might have been able to read the MRI images
fairly well, such that they could glean rich information
from the MRIs. We favor this second alternative. Reading
MRI images was part of their training. Also, the task to
memorize position and orientation was by no means triv-
ial, and on theoretical grounds should engage the same
mental faculties as memorizing, for instance, a tumor
viewed on a CT image. Finally, there is some evidence
that new knowledge acquisition may be a very different
cognitive process than re-learning or re-activating prior
knowledge. More advanced learners may benefit from dif-
ferent types of presentations than learners new to a topic
(Clark & Mayer, 2003; Lee & Lee, 1991; Mayer, 2001),
and our material surely was new to all participants, includ-
ing the surgeons.

Our finding that the interaction with the VR-visualization
was regarded to be more intuitive and comfortable corre-
lates with earlier studies that confirmed that VR provides
a more user-friendly interaction (Gorman, et al., 1999;
Reinhardt, Trippel, Westermann, & Gratzl, 1999; Stadie,
et al., 2008). 

ConClusions

In summary, using a sophisticated stereoscopic VR work-
station to visualize 3-D position and orientation of objects
appears to be beneficial in neurosurgery. At the same time,
the even better performance with a real model suggests
there is room for further improvement. Visualization aids
should benefit students and also help the already experi-
enced surgeon in planning and simulating complex inter-
ventions.

Stadie et al.
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open surgery While Wearing 

nighT Vision goggles
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Night vision technology is nothing new. In fact, the military rely significantly on this technology during
nighttime operations. A surgeon is like a medical soldier in the battlefield. His/her only mission is that
of keeping people alive. Due to many technological advances, patients cannot only train on relaxation
while visiting their doctors but also get distracted by playing videogames while waiting for them. Fur-
thermore, this virtual reality experience can be enhanced if the patient wears goggles or Head Mounted
Displays under dimmed or absence of lights. The purpose of this study was to test if a surgeon could
operate when extending into such a dark condition situation, but in the surgical suite. Therefore, a sur-
geon performed seven open surgeries on rabbits. All surgeries were performed on the thorax and ab-
domen regions. Specifically, the surgeon was able to perform these surgeries by wearing on his head a
micro camera with infrared light and a night vision goggles. The first assistant used this same system
while the scrub nurse and the anesthesiologist did not.  There were no complications either during or
after these procedures. It is possible to make open surgeries wearing a night vision system. Further ap-
proaches should be tested with human volunteers.

Keywords: Night Vision Goggles, Open Surgery, Cyber-medicine

inTroduCTion

The typical medical tools used to help make diagnoses
are white and black color images in double dimension
(2-D; e.g., X-rays images, scanner, and magnetic reso-
nance images). Pictures with motions such as ultra-
sound, cholangiography, cardiac catheterization, and
amniocentesis are other examples of how black and
white colors permit physicians to help patients with
high precision to make invasive medical treatments.
Fortunately, during the last decade, technology has
helped improve these traditional images with better vi-
sualization with three-dimensional (3-D) reconstruction
from 2-D medical images. That is, physicians may now
interact with 3-D models and feedback devices that
help them learn more about the physical and the bio-
logical reactions of virtual tissues and organs. In fact,
this technological advancement has been crucial in
helping prevent medical risks with real organs. Medical
simulations help navigate inside reconstructed virtual

anatomy to give patients a better diagnosis and plan
medical procedures more accurately in the future.

nighT Vision TeChnology and TreaTmenT

Night vision goggles (NVG) are widely used by sol-
diers to conduct night tactical operations. Some soldiers
wearing NVGs have trained with mannequins during
intravenous line insertions (Brummer, 2006; MacIntyre,
2007) or even volunteer patients during endotracheal
(Schwartz, 2001). Similarly, Mosso and others (Gorini,
2009; Stetz, 2010), have been testing a few applications
of these technologies on humans (e.g., psychotherapy
and recovery surgeries) to test the efficacy of virtual
immersion to reduce anxiety and pain in the surgical
suite. Surgeons are like soldiers trying to work only
with white light colors. Therefore, surgeons wearing
NVGs may avoid unnecessary dissections that may
cause high surgical risk of fatal bleeding (see concept
in Figure 1). The purpose of this paper is to share pre-
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liminary findings of surgeons conducting surgeries on
animals while wearing NVGs.

meThods

The following procedures were performed by the De-
partment of Surgery, School of Medicine, Universidad
Panamericana in Mexico City from April to May 15,
2009. Three rabbits (between four and five kilograms),
under general anesthesia with orotracheal intubation
and selective intubation for thoracotomies, were the
subjects of the five different surgeries. 

The three bodies were covered with sterile clothing and
a large medial incision was performed in two of the rab-
bits to perform a laparotomy with total exploration of
the abdominal cavity, preperitoneal kidney removal,
spleen extraction and appendectomy. Both the thorax
and abdomen areas were cleaned with Betadine previous
to the trichotomy. A short incision was first made in the
right chest area and then in the left one in order to ex-
plore the thorax cavities. Exploration of the abdomen
and thorax were performed using traditional techniques
with sutures and surgical tools for open surgery. The
same surgeon and assistant made all procedures. All the
rabbits underwent total anesthesia and were immedi-
ately euthanized at the end of the procedures.

The NV system use consisted of the following
items–one wireless micro camera with night vision in-
frared CLR (model 1036 Lloyd 2.4 Gigahertz) was used
by the surgeon, and Eyeclop night vision infrared
stealth goggles (450 X 320 58 kilobyte) were used for
the assistant (see Figure 2). A micro camera was con-
nected to the head mounted display (HMD; Vuzix
iWear 920, 332 X 250 15 kilobyte). The anesthesiolo-
gist only used a small lamp. A mechatronics engineer

set up the equipment for each person in the operating
room before and after every surgery. A holder was de-
signed for the engineer to be able to grasp the micro
camera on the diadem to hold the HMD (see Figure 3). 

resulTs

A total of seven open surgical procedures were per-
formed on rabbits in the intraoperative/surgical suite
with no complications. Tables 1-3 show the breakdown
of the visual recognition of all organs and sutures while
wearing the NV system. Abdominal organs with their
respective vessels were identified during surgical pro-
cedures with night vision, which were then tied and cut
(see Figure 4). Appendix, spleen and kidneys were re-
moved with no significant bleeding (see Figure 5). Dur-
ing thoracotomy, lungs were viewed clearly unlike
hearth, and pleura were identified with more difficulty.

ConClusions, limiTaTions, and

reCommendaTions

NV can provide surgeons with the possibility to per-

Figure 1. Final concept for cyber-surgery with total
immersion with night vision on humans. Figure 2. Night vision equipment used by the surgical

team in the Department of surgery, School of Medi-
cine, Universidad Panamericana, Mexico City, 2009.

Figure 3. Microcamera with infrared light for night vi-
sion held in a diadema.

Open Surgery with Night Vision
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form surgeries under total darkness, in animals. The
equipment used in this study helped recognize and
dissect abdominal, retroperitoneal and thoracic or-
gans as well as small vessels. Surgeons did experi-
ence some limitations while grasping needles and
sutures such as the catgut chromic and the nylon or
polypropylene. 

The following material and organs were not easily rec-
ognized–the catgut chromic 000, nylon 00, needle,
bladder, gallbladder, diaphragm, pleura and arteries.
Also, the micro camera vision direction was different
compared to the surgeon’s vision direction. That is,
there were 15 degrees of difference between the camera
and the surgeon’s vision field. Therefore, the surgeon
had to adjust his head position as needed during the en-
doscopic surgery. A technical disadvantage was the dis-
connection of cables from the micro camera resulting
from pasting these on the back of the surgeon’s clothes.
All members in the surgical team should have night vi-
sion goggles to be in the same surgical field for future
work. Also, the micro cameras must have high defini-
tion and resolution.

A potential use of this technology could be reproduced
with humans playing videogames and doctors’ NV sys-
tems during ambulatory procedures. That is, cyber-
medicine can provide patients with a total immersion
that could be related to less perceived pain and anxiety,
while in total darkness. Future work must involve im-
proving visual resolution to develop or add augmented
reality to recognize better organs or structures with ar-
tificial colors in 3-D environments. This study demon-
strates that surgeons with surgical experience and with
well-developed anatomical recognition can perform
dissections with night vision.

Figure 4 (top to bottom). Laparotomy: a) Skin incision,
b) Muscular aponeurosis, c) Peritoneum, 

d) Small bowel and colon.

Figure 5. Appendicular artery dissection 
under night vision.

Mosso et al.
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Table 1
NVG-enabled visual recognition of abdominal and

retroperitoneal organs

Visual recognition

Excellent Very Good Good

Appendix X

Stomach X

Spleen X

Kidney X

Colon X

Bowel X

Bladder X

Liver X

Gallbladder X

Peritoneum X

Artery X

Vein X

Ureter X

Table 2
NVG-enabled Visual recognition of thoracic organs

Visual recognition

Excellent Very Good Good

Heart X

Lung X

Diaphragm X

Pleura X

Vein X

Aorta X

X
Table 3
NVG-enabled Visual recognition of surgical sutures

Visual recognition

Excellent Very Good Good

Silk X

Catgut cromic X

Vicryl X

Nylon X

X

JCR
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managemenT of ChroniC pain for older per-

sons: a mulTisensory sTimulaTion approaCh

Mimi M.Y. Tse1 and Suki S.K. Ho1

Since the prevalence of chronic pain among the elderly is high and reduces their quality of life, effective
non-pharmacological pain management should be promoted. The purpose of this quasi-experimental
pretest and posttest control design was to enhance pain management via an 8-week multisensory stim-
ulation art and craft appreciation program (MSSAC). Residents from two nursing homes were random-
ized into an experimental group with MSSAC and a control group with regular care but without
MSSAC. Relevant data were collected from both groups before and after the MSSAC. The MSSAC
consisted of an 8-week program, with one session per week consisting of an art and craft activity and
practicing multisensory stimulation therapy.  

There were 59 and 82 older people in the experimental and control group respectively. No significant
differences were found in their demographic characteristics, pain parameters, number of non-pharma-
cological strategies for pain relief, effectiveness scores on the non-pharmacological therapies, and psy-
chological wellbeing at the baseline. Upon completion of the MSSAC, there was a significant decrease
in pain scores and in the use of non-drug methods to control pain. Also, a significant improvement was
observed in all psychological parameters in the experimental group, but not for the control group. The
MSSAC proved to be effective in reducing pain, enhancing psychological wellbeing, and increasing
the use of non-pharmacological therapies for the elderly. 

Keywords: Pain Management, Multisensory Stimulation, Non-drug Strategies, 
Psychological Wellbeing, Nursing Home Residents 

inTroduCTion

With the increase in average life expectancy, the impact
of disease, and the greater prevalence of disabilities,
older adults are in increasing need of some form of al-
ternative accommodation and/or residential care facili-
ties (Sandberg et al. 2001). It has been estimated that
there is more than a 40% chance that individuals aged
65 and older will spend time in a nursing home (Sand-
berg et al., 2001). 

Most age-related diseases and illnesses bring chronic
pain and disability. Pain is common in our aging popu-
lation, and particularly so among older adults living in
nursing homes (Bishop et al., 2007). Fifty percent of
community-dwelling adults aged 60 or over have been

found to experience pain, and this number increases to
45-80% in the nursing home population (Ferrell et al.,
1990; American Geriatric Society, Panel on Chronic Pain
in Older Persons, 1998; Chung & Wong, 2007). Al-
though pain is common among nursing home residents
(Fox et al., 1999), older people living in nursing homes
are at risk of not having their pain assessed and not re-
ceiving adequate treatment even if pain is documented
(Achterberg et al., 2009). One of the greatest challenges
facing nursing today is the provision of proper pain man-
agement for patients suffering from both acute and
chronic pain (Sicilliano & Burrage, 2005). However,
lack of knowledge about pain and its treatment remains
an important barrier to effective pain management (Jones
et al., 2004). 
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Chronic pain can cause psychological, physical, social and
financial problems (Fordyce, 1995). Chronic pain and psy-
chological distress are found to occur together in a fre-
quent manner and most patients with chronic pain
experience emotional distress to varying degrees including
depression, hopelessness, despair and dependency, loss of
sleep, and loss of mobility (Farezadi et al., 2008). Unre-
lieved pain also has negative effects on psychological as-
pects including anxiety, fear, anger, and hopelessness
(Bullock and Henze, 2000).

Analgesics do not always relieve pain or emotional rest-
lessness, irritability, muscle tension, concentration and
sleep disturbance (Schaffer & Yucha, 2004). Indeed, non-
pharmacological methods of pain management can dimin-
ish the emotional components of pain (McCaffery &
Pasero, 1999). As such, non-drug therapies including re-
laxation, deep breathing exercises, listening to music and
meditation have demonstrated efficacy in treating chronic
pain (NIH Technology Assessment Panel, 1996), headache
(Silberstein, 2000), and postoperative pain (Good et al.,
1999), yet healthcare providers have always underused
non-drug therapies. 

Relaxation and music have been recommended as adju-
tants to medication. Both act on pain by decreasing anxiety,
lowering muscle tension and distracting attention (Good,
1995). Relaxation directs the mind to concentrate on relax-
ing the muscles, reduces heart rate and blood pressure, and
improves mood (Kerr, 2000). It also has the beneficial ef-
fect of combining deep breathing and imagery with a mu-
sical background. Music is composed of auditory tones and
rhythms that do not direct the mind but distract it, and relax
the body as well. Music can focus attention, facilitate
breathing, and stimulate the relaxation response (Miller &
Perry, 1990). Studies have shown that relaxation and music
have beneficial effects on disease, pain, and emotional con-
trol (Mandle et al., 1990; Schofield, 2002). 

Schofield & Bryn (1998) defined the use of the sensory
environment for the management of chronic pain as
“Snoezelen,” a term that is reportedly a contraction of two
Dutch words meaning “to sniff” and “to doze.” Thus, it is
a place for interaction within an engaging environment,
which can facilitate rest and help to overcome fatigue
(Schofield, 1996). The original concept was developed
using simple effects, such as colored paper and light bulbs
with tin foil, music and textures such as a heated waterbed,
a ball pool and a vibrating massage bed designed to stim-
ulate all of the primary senses – vision, hearing, touch,

taste and smell – simultaneously. These approaches can
create a peaceful and tranquil experience for the elderly,
encouraging them to feel safe (Kewin, 1991). There was
widespread interest in the use of “Snoezelen” to enable re-
laxation, psychological promotion and pain reduction
(Schofield & Hutchinson, 2002). Indeed, the use of mul-
tisensory therapies as a non- pharmacological pain man-
agement approach was proven to be effective and less
expensive (Keefe et al., 1992).

While relaxation and multisensory therapies (Snoezelen)
have been found to be effective in reducing pain, fatigue
and anxiety symptoms, improving quality of life, and en-
hancing patients’ ability to cope with distress (Peace &
Manasse, 2002; Cassileth & Vickers, 2004 & Cassileth &
Deng, 2004), art and craft therapy is one of the comple-
mentary therapies used to relieve these symptoms. Art
therapy is a clinical intervention based on the belief that
the creative process allows expression of an individual’s
deepest emotions (Malchiodi, 1999) and improves quality
of life, emotional wellbeing, and physical symptoms such
as pain (Favara-Scacco et al., 2001 & Nainis et al., 2006).

The objectives of the present study were to explore the ef-
fectiveness of multisensory stimulation with art and craft
therapies for relieving pain and enhancing psychological
wellbeing for older people in pain. 

meThods

design & sample

This research was a quasi-experimental pretest and
posttest control group study design. After gaining approval
from the Ethics Committee of the university, two private
nursing homes were approached and invited to participate
in the study. They were randomized into an experimental
group with the MSSAC and a control group with regular
care but without the MSSAC. Their residents were re-
cruited by convenience sampling.  

Written consent was obtained from all participants. Inclu-
sion criteria entailed being 60 or older, able to communi-
cate in Cantonese, and oriented as to time and place. By
contrast, those who were bed bound and those with a his-
tory of mental disorder were excluded from the study. 

proCedure

Information regarding demographic, medical and pain-re-
lated data, self-perceived effectiveness scores, and psy-
chological wellbeing parameters were collected from both
groups’ elderly before and after the MSSAC.   

Chronic Pain Management
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inTerVenTion: mulTisensory sTimulaTion WiTh arT

and CrafT appreCiaTion program (mssaC)

The multisensory stimulation with art and craft apprecia-
tion program (MSSAC) was an 8-week program consisting
of around 1 hr 30 min per week for eight weeks.  Each
week included various art and craft activities (45 min) with
the older persons, and also practicing multisensory stimu-
lation therapy (45 min). Details are shown in Table 1.   

The content of the multisensory program included teach-
ing relaxation techniques and pain control through the five
primary senses: touch, smell, taste, hearing and vision. Es-
sential lotions were given to the older people to apply to
their faces and hands, and they were instructed to gently
massage the acupressure points in their hands, backs, and
legs under the guidance of the researcher. They were also
instructed to close their eyes and take deep breaths while
paying attention to the relaxing music, and to smell the es-
sential oil that was distributed by a diffuser. Tea was pro-
vided to appeal to the taste buds, and they worked in
groups to put together attractive puzzles. 

The art and craft activities aimed at enhancing social con-
nection, fine motor activities, and multisensory stimula-
tion for the elderly. Activities included making photo
albums, paper flowers, cups, decorations, paper fans and
key chains by the use of scissors, folding papers, and stick-
ing art materials onto artwork. The elderly people de-
signed the products by themselves in a creative manner,
and discussed them with one another in the process of the
art and craft classes. Upon completion of the art and craft
classes, they could bring their finished products back to

their bedside and show them to their family members and
friends during their visits. 

measuremenTs

demographiC daTa

The demographic sheet collected information including
subjects’ gender, age, marital status, education level, fre-
quency of visits from relatives, past occupation, length of
time living in nursing home, medical history, the reason
for pain, pain triggers and any analgesic drugs intake.

pain sCale

An 11-point numerical rating scale (NRS) was used in the
study to assess the presence and intensity of pain among
participants. The scale was presented vertically, with 0 re-
ferring to no pain and 10 referring to the worst pain imag-
inable. The Spearman’s correlation coefficients for validity
were 0.74 (Lara-Munoz et al., 2004).

psyChologiCal Wellbeing assessmenT

The Chinese version of the subjective happiness scale
(Sonja & Heidi, 1999) consisted of four items with a rating
provided on a 7-point Likert scale to determine the elderly
person’s happiness level. The Cronbach’s alpha was 0.79
to 0.94. The test-retest reliability ranged from 0.55 to 0.90.
The total scores ranged from 4-28, with higher scores in-
dicating higher subjective happiness. 

The revised UCLA Loneliness Scale, version 3 is a stan-
dard scale for measurement of loneliness (Russell, 1996).
The scale consisted of 20 items to measure the feelings of
loneliness and social isolation of the participants. The

Table 1
Multisensory Stimulation with art and craft appreciation therapy (MSSAC)

Tse and Ho
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range of possible scores was 20-80, with higher scores sig-
nifying greater loneliness. A Chinese version of the Re-
vised UCLA Loneliness Scale was validated and used, and
the Cronbach’s alpha of the Chinese UCLA Loneliness
Scale was 0.90 (Chou et al., 2005).

The Life Satisfaction Index-A (Neugarten et al., 1961)
form scale consisted of 18 questions related to five differ-
ent components: zest, resolution and fortitude, congruence
between desired and achieved goals, positive self-concept
and mood tone. Items score 1 point for agree and 0 for dis-
agree. A Chinese version of the Life Satisfaction Index-A
form was used, with the Cronbach’s alpha 0.7 for reliabil-
ity and split half value 0.62 for internal consistency (Chi
& Boey, 1992).

The Geriatric Depression Scale was used to measure de-
pression (Yesavage et al., 1983). The scale consisted of 15
yes/no questions, with higher scores indicating more de-
pression. Cronbach’s alpha of internal consistency was
0.89, and the test-retest reliability was 0.85. A Chinese ver-
sion of the Geriatric Depression Scale was used (Chan,
1996; Mui, 1996).  

daTa analysis

Several statistical methods were used in data analysis. De-
scriptive statistical analysis of the quantitative data was
conducted using the Statistical Package for the Social Sci-
ences version 16.0. The Chi-square tests were used to de-
termine any differences between the experimental group
and the control group. Also, the paired sample t-test and
the independent sample t test were used to examine dif-
ferences within and between groups over two occasions
in pain scores and psychological wellbeing parameters. A
p-value <0.05 was considered statistically significant. 

resulTs

demographiC CharaCTerisTiCs

There were 141 older people who participated in the study,
59 in the experimental group and 82 in the control group.
Table 2 shows their demographic characteristics. No sig-
nificant differences were found in marital status, previous
occupation, frequency of visits from relatives, length of
time in nursing home, medical history, baseline pain
scores, use of pain killers and non-drug therapy (p>0.05)
for participants in the experimental and control group.  

The mean age was 85.5±5.39 for the experimental group
and 82.6±6.29 for the control group. The majority of the
residents in both groups had been in nursing homes for 10

years. They received regular visits from their relatives.
Most in the experimental group had visitors every week
(33.9%), while those in the control group received visits
less than once a month (31.7%). In general, their major un-
derlying medical problems included stroke, hypertension,
diabetes mellitus, cerebral vascular accidents, heart disease,
eye disease and previous fracture. The pain scores were
4.83±2.65 for the experimental residents and 4.28±2.35 for
the control residents who reported suffering from chronic
pain. In the experimental group, 50.8% of participants and
43.9% in the control group used oral medications to relief
pain. As for using non-drug therapy, 76.3% of the experi-
mental group and 56.1% of the control group would choose
to use non-drug therapy as pain relief.

pain sCores in elderly paTienTs

Table 3 shows the pain scores of the experimental and con-
trol groups at the baseline and post-MSSAC. At the base-
line (week 1), the pain scores were 4.83±2.65 and
4.28±2.35 among the experimental and control group, and
there was no significant difference (p>0.05). Upon com-
pletion of the MSSAC (week 8), there was a significant
reduction of pain scores to 2.76±2.07 in the experimental
group (p <0.05), while the control group showed de-
creased pain scores but not significantly so (p>0.05). Also,
the most common pain locations among both groups of
elderly were the knee (67.3%), back (37.3%) and shoulder
(34.6%), as shown in Figure 1.  

The use of non-drug meThods as pain relief

As shown in Table 3, upon completion of the MSSAC,
there was a significant increase in the use of non-drug
methods in pain relief for the experimental group, from
1.11 to 5.46 times (p<0.05), while the control group
showed only a slight increase in the use of non-drug meth-
ods in pain relief and was not significant (p>0.05). Also,
the experimental group used more non-drug methods to
relieve pain as compared to the control group (p<0.05).  

In terms of perceived effectiveness in using non-drug
methods, participants in the experimental group showed a
significant increase in scores, from 1.72 to 3 (p<0.05) post-
MSSAC, while there was no change in the control group
(p>0.05). Furthermore, participants in the experimental
group perceived the use of non-drug methods to be more
effective in pain relief than the control group (p<0.05).

Also in Table 4 is evidence of a significant positive corre-
lation of non-drug methods used and perceived effective-
ness of non-drug methods (p<0.05). This demonstrates
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Table 2
Demographics data (experimental group vs control group)

1 Chi-Squared test was used, 2 Independent sample t- test was used
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Table 3
Pain parameters, non-drug methods used and perceived effectiveness of non-drug methods among older persons

in experimental group and control group: Baseline (week 1) vs Post MSSAC (week 8)

β1  Comparison of baseline & post intervention for experimental group (paired sample t test)                    
β2 Comparison of baseline & post intervention for control group (paired sample t test)  
β3 Comparison of baseline among experimental & control group (independent sample t test)
β4 Comparison of post intervention among experimental & control group (independent sample t test)
* A p-value of < 0.05 was considered statistically significant 

Figure 1. Pain intensity and pain site in experimental group (N= 52): 
Baseline (week 1) vs Post-MSSAC (week 8).

Total mean pain score
N=52 (100%)

Week 1: 4.83±2.65
Week 8: 2.75±2.07

P value=0.00*

Chronic Pain Management
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that the more effective they perceived the use of non-drug
methods to be, the more non-drug methods the participants
would use to control and relieve pain. 

psyChologiCal parameTers of elderly paTienTs

No significant differences were found in the happiness,
life satisfaction, loneliness and geriatric depression
scores between the experimental and control elderly

(p>0.05) at the baseline (as shown in Table 5). Upon
completion of the MSSAC, there was significant im-
provement (p<0.05) in all psychological parameters in
the experimental group, yet this was not so in the control
group, except for improvement in loneliness (p<0.05).
Also, participants in the experimental group were signif-
icantly better in all psychological parameters than their
counterparts in the control group. 

Table 4
Correlation between total non- drugs therapy methods and perceived effectiveness scores by older persons- Pre

and post intervention

Table 5
Psychological parameters in Experimental Group and Control Group: Baseline (week 1) vs post MSSAC (week 8)

Pearson correlation test was used
*p<0.05 was considered statistically significant

β1  Comparison of baseline & post intervention for experimental group (paired sample t test)                    
β2 Comparison of baseline & post intervention for control group (paired sample t test)  
β3 Comparison of baseline among experimental & control group (independent sample t test)
β4 Comparison of post intervention among experimental & control group (independent sample t test)
* A p-value of < 0.05 was considered statistically significant 
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disCussion

The present study demonstrates the effectiveness of the
MSSAC in reducing pain and enhancing psychological
parameters in older persons. The results are consistent
with previous studies using multisensory stimulation ther-
apy for chronic pain among the elderly (Schaffer & Yucha,
2004). It was Pat Schofield who pioneered the use of mul-
tisensory environment concepts for individuals with
chronic non-malignant pain and with positive outcomes.
In the present study, a multisensory stimulation environ-
ment was created in the nursing home environment, in
which the primary senses (hearing, vision, smell, taste and
touch) were gently stimulated. Soft music was played,
with fragrant lotion given to each older person to apply to
both hands. They were then asked to close their eyes and
practice deep breathing while listening to the music. They
were guided in feeling their bodies and smelling the fra-
grant lotion as well as gently massaging the acupressure
points along their faces, hands, backs and legs. Also, they
were asked to smell the essential oil that was distributed
by a diffuser. Tea was provided at the end of the session
to appeal to the taste buds, and they worked in groups to
put together attractive puzzles. All participants showed
positive responses to the multisensory stimulation envi-
ronment, and reported lower pain, loneliness and depres-
sion, while improving their happiness and life satisfaction. 
People may experience sensory deprivation in environ-
ments that may be perceived as boring, monotonous, and
uninteresting. Indeed, life in a nursing home can be very
uninteresting, with limited physical and social activity,
leading to further decline in function ((Lassey & Lassey,
2001). Good psychological and mental health means nor-
mal mental status without disease or disorder, enabling the
older individual to think and manage him/herself while in-
teracting comfortably with others (Lassey & Lassey,
2001). In the absence of disorder, our general mental abil-
ity continues throughout life, despite the fact that advanc-
ing age does lead to deterioration of sensory and cognition
function to some extent. Mental health is thus one of the
keys to optimal aging (Porello et al., 1995, Lassey &
Lassey, 2001). Our overall mental capacity is partially
structured by genetic factors. The brain has the capacity
to compensate for minor loss of neurons. Older people can
maintain their mental health and overall mental ability by
effective socialization, education, and other forms of
planned activities and training (Cotman, 1990).  

It is a concern when more than 50% of older people living
in nursing homes suffer from some form of minor or major
mental disorder (Vaczek, 1994). The findings of the pres-

ent study at the baseline (week 1) illustrate a situation of
poor psychological parameters, including low happiness
scores, high levels of loneliness, and low life satisfaction
among older people living in nursing homes in both the
experimental and control group. Indeed, they may be more
prone to mental issues when no further action is taken in
a timely fashion. The multisensory stimulation and art and
craft program is therefore an appropriate activity to en-
hance psychological parameters and overall mental ability
for older people living in nursing homes.    

Pain is a complex experience that is made up of physical,
psychological, social and spiritual components as the total
pain experience, coined by Dame Cicely Saunders (Clark,
1999). Pain management and social support networks are
important initiatives for older adults living in nursing
homes. Upon completion of the MSSAC, it was encour-
aging to find that pain scores had decreased significantly,
while psychological parameters including happiness, life
satisfaction, loneliness and depression had been improved
to a significant degree. The quality of life for older persons
living in nursing homes was thus improved.  

One of the limitations of the present study would be the
Hawthorne effect, whereby the special attention of receiv-
ing multisensory stimulation has beneficial effects on the
participants. Indeed, changes in the experimental group
may be due to the “good subjects” effect that occurs when
researchers seemed to commit a great deal of their time
and effort to helping participants. Nevertheless, the dra-
matic positive benefit of multisensory stimulation from
this single simple intervention was impressive and should
be integrated into daily care and management of pain and
chronic illness for older persons.   

In conclusion, multisensory stimulation with art and craft
appreciation proved to be effective in enhancing the use of
non-pharmacological therapies and reducing pain saturation,
as well as improving the psychological wellbeing parameters
for nursing home residents. It is important to implement the
new paradigm of pain management in a holistic way as the
total pain concept in the nursing home environment. 
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IN THIS FEATURE, we will try to describe the char-
acteristics of current cyberpsychology and rehabilita-
tion research. In particular, CyberProjects aims at
describing the leading research groups and projects, ac-
tually running around the world, with a special focus
on European research.

roboTs learning from experienCe

Software that enables robots to move objects about a
room, building up and increasing their knowledge about
their environment, is an important step forward in arti-
ficial intelligence. 

Some objects can be moved, while others cannot. Balls
can be placed on top of boxes, but boxes cannot be sta-
bly stacked on top of balls. A typical one-year-old child
can discover this kind of information about its environ-
ment very quickly. But it is a massive challenge for a
robot – a machine – to learn concepts such as “mov-
ability” and “stability,” according to Björn Kahl, a re-
searcher at the Bonn-Rhein-Sieg University and a
member of the Xpero robotics research project team. 

The aim of the “Xpero – Learning by Experimentation”
project was to develop a cognitive system for a robot
that would enable it to explore the world around it and
learn through physical experimentation. 

logiCally TesTing hypoTheses

The first step was to create an algorithm that enabled
the robot to discover its environment from data it re-
ceived from its sensors.  The Xpero researchers in-
stalled some very basic predefined “knowledge” into
the robot. That knowledge is based on logic. The robot
believes that things are either true or false – there are
no “maybes.”  The robot uses the data from its sensors
as it moves about to test that knowledge. When the
robot finds that an expectation is false it starts to ex-
periment to find out why it is false and to correct its hy-
potheses.

Picking out the important factors in the massive and
continuous flow of data from the robot’s sensors cre-
ated one challenge for the EU-funded Xpero project

team. Finding a way for a logic-based system to deal
with the concept of time was a second challenge. 

Initially, the robot has no useful vision of the probable
future, but with each observation it learns better hy-
potheses that it can use to predict the effects of its ac-
tions. If an experiment showed that one of its
hypotheses was false, then there were literally an infi-
nite number of possibilities of what the correct solution
might be. The team had to find ways to short-circuit the
process to stop the robot spending an infinite amount
of time testing each possibility.

Part of the Xpero team’s solution was to ignore some
of the flow of data coming in every millisecond and in-
stead to get the robot to compare snapshots of the situ-
ation after a few seconds. When an expectation proved
false they also cut down the possible number of solu-
tions by getting the robot to build a new hypothesis that
kept the logic connectors from its old hypothesis, sim-
ply changing the variables. That drastically reduced the
number of possible solutions.

building a sTore of KnoWledge

An important development from Xpero is the robot’s
ability to build its knowledge base. “It makes no dis-
tinction between previous knowledge and learnt knowl-
edge,” explains Kahl. “That it can re-use knowledge is
very important. Without that there would be no incre-
mental learning.”

In award-winning demonstrations, robots with the
Xpero cognitive system on board have moved about,
pushed and placed objects, learning all the time about
their environment. In an exciting recent development
the robot has started to use objects as tools. It has used
one object to move or manipulate another object that it
cannot reach directly.

While exploring robots makes great theatre, the most
exciting developments to come out of Xpero are what
the team learnt about the process of learning itself, says
Kahl. “We gained a lot of insight into what the chal-
lenges in learning are and how machine-learning really
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works. Just getting the robot to figure out that some-
thing is not right required major insights from a re-
search point of view.” 

They are planning a new project that will run one or
two robots for a much longer time – perhaps months –
to see how they advance.

The Xpero project lays the first cornerstones for a tech-
nology that has the potential to become a key technol-
ogy for the next generation of so-called service robots,
which clean our houses and mow our lawns – replacing
the rather dumb, pre-programmed devices on the mar-
ket today. A robotics manufacturer is already planning
to use parts of the Xpero platform in the edutainment
market.

“But while Xpero advances machine learning, it is still
far short of the capabilities of a baby,” says Kahl. “Of

course, the robot can now learn the concept of movabil-
ity. But it does not understand in the human sense what
movability means.”

The Xpero project received funding from the FET-Open
strand of the EU’s Sixth Framework Programme for re-
search.

For more info: http://www.xpero.org/.

Compiled by Giuseppe Riva, Ph.D., and Simona
Raspelli, Ph.D.

Istituto Auxologico Italiano

Data provided by ICT Results
(http://cordis.europa.eu/ictresults)
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CyberfoCus

New technologies are developing at a rapid pace.  To help you stay abreast of the latest trends in advanced technolo-
gies and healthcare, this feature showcases upcoming, 2009- 2010 events, which will provide you with the oppor-
tunity to connect with leading experts worldwide and remain on the cutting edge of the most recent developments. 

The CyberFocus column welcomes your contributions. To supply relevant information for this feature, please send
an e-mail to: office@vrphobia.eu.

Cyberpsychology & CyberTherapy 16

June 20-22, 2011
Gatineau, Canada
www.interactivemediainstitute.com

The Journal of CyberTherapy & Rehabilitation is the official journal of the CyberTherapy Conference.  The 16th An-
nual International CyberTherapy Conference (CT16) brings together researchers, clinicians, policy makers and funding
agencies to share and discuss advancements in the growing discipline of CyberTherapy & Rehabilitation, which in-
cludes training, education, prevention, rehabilitation, and therapy. The focus of next year’s conference is two-fold–first,
“Technologies as Enabling Tools” will explore the use of advanced technologies in diagnosis, assessment and pre-
vention of mental and physical disorders. In addition, attention will be drawn to the role of interactive media in training,
education, rehabilitation and therapeutic interventions. Secondly, CT16 will investigate the “Impact of New Tech-
nologies” and how they are influencing behavior and society through cyberadvertising, cyberfashion and cyberstalking,
among others. Technologies featured at the conference include VR simulations, video games, telehealth, the Internet,
robotics, brain-computer interfaces, and non-invasive physiological monitoring devices. Conference attendees have
the opportunity to play a role in designing the future of mental healthcare.  CT16 features interactive exhibits at the
Cyberarium allowing participants to experience the technologies firsthand as well as the opportunity to display their
exhibits in a forum-type setting.

-----------------------------------------------------------------------------------------------------------------------------------------

2010 Conferences

10th international Conference on intelligent Virtual agents (iVa 2010)

September 20 -22
Philadelphia, Pennsylvania, USA
http://iva2010.org/

-----------------------------------------------------------------------------------------------------------------------------------------

iCT 2010

September 27-29
Brussels
http://ec.europa.eu/information_society/events/ict/2010/index_en.htm

-----------------------------------------------------------------------------------------------------------------------------------------

40th european association for behavioural and Cognitive Therapies annual Conference

October 7 - 10
Milan, Italy
http://www.eabct2010-milan.it/

JCR
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eChallenges

October 27-29
Warsaw
http://www.echallenges.org/e2010/

-----------------------------------------------------------------------------------------------------------------------------------------

aCm multimedia

October 29
Florence
http://www.acmmm10.org/

-----------------------------------------------------------------------------------------------------------------------------------------

global Telehealth

November 10-12
Perth, Western Australia
http://www.hisa.org.au/node/756

-----------------------------------------------------------------------------------------------------------------------------------------

himss middle east

November 8-10
http://www.himssme.org/

-----------------------------------------------------------------------------------------------------------------------------------------

association for behavioral and Cognitive Therapies (abCT 2010)

November 18 - 21
San Francisco, California, USA
http://www.abct.org/dMembers/?m=mMembers&fa=Convention

-----------------------------------------------------------------------------------------------------------------------------------------

WhCC middle east

December 5-7
Abu Dhabi
http://www.worldcongress.com/
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interface Fantasy: a Lacanian cyborg ontology

andré nusselder, The miT press, Cambridge, mas-

sachusetts, 2009, 176 pages, $18.95

Belonging to the Short Circuits book series (edited by
Slavoj Žižek), André Nusselder's own work, Interface
Fantasy: A Lacanian Cyborg Ontology, is a thought-pro-
voking, philosophical discussion that engages the com-
plexities of Lacanian psychoanalysis within cyberspace,
and the interactions between humans and digital tech-
nologies.  Cyberspace, according to Nusselder, is a “psy-
chological space,” through which the notion of the
“cyborg” is manifested.  This “cyborg” is a concept that
suggests the embodiment of human and computer, epit-
omizing the inseparability, intimacy, and entanglement
between humans and digital technologies.  Precursors of
Nusselder's conception of the cyborg were evident as
long ago as 1966, when the Massachusetts Institute of
Technology (MIT) created a computer, ELIZA, that be-
came noted as the first computer psychotherapy program
in history (114).  ELIZA's groundbreaking feature was
its ability to “converse” with any user who typed in a
query.  As conversations with ELIZA continued, psycho-
analytic philosopher Jacques Lacan acknowledged the
development of a “transference relation” between ELIZA
and the human conversant.  In other words, an affective
(unconscious) attachment was created as human conver-
sants found “something of themselves” in ELIZA, and
so “unconsciously transferred” (perhaps via projection)
their desires (e.g. acceptance, companionship, love) to
ELIZA (114).  

Though ELIZA's technological features are substandard
compared to today's advanced artificial intelligence, the
psychoanalytic implications of entangled human-com-
puter relationships transcend time and space, remaining
as potent in the past as in modern day.    

Nusselder examines the powerful nature and workings of
the “unconscious” by linking the growing development,
intrigue, and questions surrounding the intimate human-
computer dyad through key Lacanian psychoanalytic
conceptualizations of human reality: fantasy (or imagi-

nary); the symbolic (codes, signs, language); and the no-
tion of “the real” in this context of cyberspace.  A thought-
provoking, philosophical discussion of these links is
offered throughout the first half of the book.  According
to Nusselder, with the computer screen acting as the stag-
ing area, the “symbolic” both orders and situates the
human subject on the psychological stage, where “fan-
tasy” (or the imaginary) serves as an “interface” that me-
diates between human reality and the Lacanian “real.”
The author asserts that “the real” is both one's personal
human trauma (as per one's unique, personal life context),
and also one's ultimate trauma evident in the fundamen-
tality of human mortality, or the inevitability of death,
dying, and decay.  This notion of “real” expresses itself
as “anxiety,” which according to Nusselder, is the emo-
tion that most closely simulates the personal and mortal
traumas that connect with the human finitude associated
with “the real.” Fantasy, then, serves to shape the world
and our mortality into more favorable circumstances,
frames, and images (e.g. freedom from pain, immortal-
ity).  The “real” lies behind the interface of fantasy.  From
these key Lacanian concepts, Nusselder communicates
the psychoanalytic connections between the unconscious
and the development of cyborgs.

The second half of the book continues the author's philo-
sophical explanation on the development of cyborgs, of-
fering some illustrations of psychopathologies that
exemplify the negative consequences of human and dig-
ital technology entangled within cyberspace.  Confusion
between reality and fantasy, or “hyperreality,” according
to Nusselder, explains the possible etiology of psy-
chopathologies such as Internet delusions (e.g. paranoia
of big brother surveillance), Internet addictions, cybersex
obsessions, and “techno-fetishes” (e.g. obsessions with
all sorts of technological toys, online gaming worlds,
websites, online streaming sites, etc.), that offer a desir-
able representation of one's fantasy, or illusory reality.  

Nusselder's most effective illustration of the Freudo-La-
canian etiology behind such online pathologies describes
one's online gaming “avatar” that exists in a given virtual
world.  For instance, Nusselder gives an example of a
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“very macho” avatar – a fantasmatic image that an inse-
cure, neurotic person might select or create in a given
MMORPG (massively multiplayer online role-playing
game) (102).  Through the avatar, this neurotic person
symbolically represents himself/herself through particular
ways of speaking, acting, moving, and perhaps “fighting”
within a non-immersive Virtual Reality setting.  Nus-
selder suggests that this type of online, symbolic image
of self or particular reality epitomizes what the user wants
others to see (or wants oneself to identify with) in a cy-
berspace fantasy. 

So, our “self-portrait” moves us.  And it also
legitimizes actions: “human as astronaut” for
the exploration of outer space; “human as mul-
tiple personality” for the exploration of cyber-
space.  Because I see myself as...(beautiful,
desirable, explorative, multiple, etc.), I define
my sense of self and my actions.  It is the vir-
tual image that sustains desire. And I get anx-
ious when I lose this image, or depressed when
it is a negative one (“I am nothing, nobody
wants me...”).  This exploration of space can
nevertheless transform into a domination of
space.  Lacan diagnoses science and technol-
ogy as guided by such imaginary desires.  This
imaginary conquest of space can also seize
upon people in the digital era. Virtual space
then replaces real space: someone's life in cy-
berspace is no longer an exploration but a com-
pensation. (98)

Thus, in the case of this avatar, it reveals the neurotic per-
son's unconscious desires while simultaneously cushion-
ing him/her from facing the personal traumas found in
“the real” that perhaps have led to the user's neurosis.  Es-
sentially, Nusselder argues, “technologies make us be-
lieve that we are not nobodies” (127). This attractive
belief then allows the computer and its screen of fantasy
to capably seduce the user into a “hyperreality,” or con-
fusion of what is “real” versus “illusion.”    

Without a doubt, many assertions in Interface Fantasy are
heavily inspired by renowned Slovenian philosopher
Slavoj Žižek's interpretations of Lacanian psychoanalysis.
Nusselder is respectfully explicit about this, recognizing
Žižek's established work in Lacanian studies.  Nonethe-
less, Nusselder makes an admirable attempt to make his
contributions distinct by adding his unique “signature” to
this area of Internet studies.  To do this, the author inten-

tionally develops his theoretical foundation based on the
original source – psychoanalyst Jacques Lacan's views –
as opposed to a reliance on Žižekian perspectives (which
“interpret” Lacan's concepts).  Overall, Nusselder is suc-
cessful in managing to distinguish himself from his con-
temporary, Žižek, building upon his own unique
formulations of Lacanian fantasy, the symbolic, and the
real.  In fact, Nusselder's position on human and digital
technologies is noticeably more balanced, offering a less
bleak perspective on present human states compared to
what a Žižekian-based analysis might offer.  That is,
while Nusselder does not hesitate to discuss the dangers
and seductive capacities of digital technologies, he is also
quick to assert how the screen “allows us to play, to in-
dulge or enjoy our fantasies,” assuming that a certain dis-
tance and “awareness guards us from taking the
construction for real” (142).  

Psychological researchers, or research practitioners who
are interested in the field of human relationships and dig-
ital technologies, and are seeking a pragmatic book with
a practical treatment of objectives or suggestions may feel
initially disappointed that the objectives of Nusselder's
book lean more heavily towards a philosophical discus-
sion of theoretical possibilities.  In fact, this bias towards
an involving conversation (especially in the first half of
the book) of concepts and references citing renowned fig-
ures such as Slavoj Žižek (and also philosophical “giants”
like Gilles Deleuze, Michel Foucault, Immanuel Kant,
René Descartes) may initially require some additional ef-
fort from readers less familiar with such academic dis-
courses typically evident within academic fields like
media and communication, and/or cultural studies.  How-
ever, the reader with a strong general psychology (and
certainly psychoanalytic and clinical/counselling therapy)
background might find his/her education and training es-
pecially advantageous in understanding and evaluating
the Freudo-Lacanian psychoanalytic frames and concep-
tions of unconscious drives, desires, attachments, and de-
terministic explanations of psychopathological
development in cyberspace.  

Though it is unfair to expect Nusselder to extend beyond
his book's purpose and psychoanalytic foundation to offer
a more varied psychological debate within human-com-
puter interactions, Nusselder's willingness to describe a
fair number of real world examples of psychopathological
situations leads one to query whether Nusselder could
have included more, especially in the first half of the
book, to clarify his heavier theoretical discussion.  Per-
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haps additional work could have been done to involve
more empirical research studies in support of his present
examples, offering a valuable comparison between a La-
canian perspective and the theoretical frame of the sup-
porting research.

Regardless of these suggestions, Interface Fantasy indeed
offers some intriguing theoretical insights for the psychol-
ogy research scientist and/or clinical practitioner to con-
sider.  The author effectively presents some challenging
ideas and theories that are worth debating within one's
own formulations, theoretical assumptions, and present
understandings of the human-computer dynamic.  Thus,

for those who enjoy philosophical discourses and are cu-
rious to see how a Freudo-Lacanian psychoanalysis might
explain the psychological complexities between humans
and digital technologies, André Nusselder's book is well
worth reading.

Nathan M.L. To    M.A.  C.C.C.

Canadian Certified Counsellor 

PhD Student, Media & Communications

Goldsmiths, University of London

nathan_to@o2.co.uk
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ConTinuing eduCaTion Quiz

learning ecology issues of the mediterranean sea in a

Virtual aquatic World - pilot study (Wrzesien, pg. 11)

If you answer 10 out of 12 questions correctly, you will be awarded one CE credit.

Prepared by Alessandra Gorini, Ph.D.

1.Climate changes have a substantial impact on sealife

game, as represented by the SVR?

a) yes, but not substantial
b) no impact
c) no relation to the game rules
d) moderate as in reality

2.Can effectiveness of learning by SVR be proved?

a) not yet
b) not with the present program
c) there is no tool to do it
d) it would require questions and answers after the game

3.Can motivation be improved by SVR through action?

a) the study does not allow to assess
b) more tests results are needed
c) yes if through a continous exercise
d) interaction options too much limited

4.Does self confidence develops in relation to other

players?

a) only in few cases
b) in all cases
c) it depends on character solidity
d) it may generate frustration

5.Self assessment advisable before starting interaction game?

a) definitely yes
b) irrelevant
c) impact not evaluated
d) negative

6.Theory or playing , which one should prevail?

a) very much related to the person
b) good theory grants interest more (than playing)
c) balancing is essential
d) some people ignore theory

7.Is virtual tutor key?

a) still to be proved
b) it increases confidence of participants
c) it is fundamental 
d) it activates competitiveness

8.Should the game be made multiplayer?

a) for future consideration
b) it may generate confusion
c) it would increase potentials
d) much too complicated

9.Is the playing part essential for learning?

a) apparently yes
b) apparently no
c) it contributes to increasing interest
d) absolute necessity

10.Improve/expand checks on learning curve

a) Yes, checks shall be systematic
b) Results on learning are important, if made clear and
known
c) Checks may help improving the game
d) Checks may help modifying the game 

11.Sealife elements to be enriched?

a) Yes, advisable
b) No, learning would become too difficult
c) Yes, if thought for older pupils
d) Risk of complications 

12.Similar applications for other ambients?

a) Effectiveness to be ascertained before further devel-
opments
b) Yes, it would increase interested  population 
c) Irrelevant
d) Wider market
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