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Abstract

We intend to evaluate the use of interactive digital environments and their impact
on pediatric quality of life measures. Furthermore, we wish to evaluate the effects of the
gaming environment on depression and pain assessment scores. Over a period of Six
months, a group of eight pediatric outpatient dialysis patients will be given access to a
networked game environment that they will be encouraged to explore, building
communities via their in-game persona, or “avatar.” Within this environment, they will
have the ability to interact with the other patients of the group, both in person and via a
local area network. Two control groups will be established, each with eight patients. The
first group will consist of patients with access to the game, but not the local area network.
The second group will have access to neither the game nor the network. We intend to
investigate what effect this nonspecific intervention has on quality of life measures,
depression, and pain scores.

This is the first trial of its kind to evauate the impact that three-dimensional
graphical environments within online communities can have on the chronically ill child.
It will be a multi-center, potentially multinational trial. If this intervention shows a
statistically significant amelioration of these indices (quality of life, depression, and
pain), the implications are impressive. Preliminary data suggests that the communal
environment fostered by these online communities may be used as a non-therapeutic
adjunct for the treatment of depression, effectively creating a new, innovative
psychosocial support mechanism. It is feasible that this work will lead to the
establishment of a body of research devoted to the therapeutic implications of online
experiences.

A. Background and Rationale

Background

The Internet revolution has restructured economies, revitalized communication,
fueled a computing resurgence, and created various new opportunities in amost every
walk of life. Online computing has also significantly impacted medical practices. Health
care ingtitutions, traditionally accused of being slow to adopt new technologies, now
demand the best available records of patient care and have witnessed a gradual transition
from paper to electronic medical records that enable instantaneous transfer of patient
information across great distances, in addition to daily innovation in the fields of
diagnostic imagery and treatment. A ten-year-old, however, will offer a much different
perspective on what the Internet provides: the opportunity to play games. The use of
entertainment as an adjunct to medical care is not anew idea. Pediatric departments can
become very uplifting places with the addition of games and activities designed to help
children manage the emotional demands of a hospital stay.

Expansive, immersive virtual worlds exist online which, in the author’s view, can
and should be available to children whose own immediate realities involve struggling



with diseases like cystic fibrosis and leukemia. In order to appreciate the potential
impact the struggle with disease may have on a child, we should understand the myriad
behavioral responses that children have to chronic illness and lengthy hospital stays.

In the process of reaching the various physical and socia milestones of childhood,
the growing child is simultaneously faced with the task of maintaining his or her own
hedth. A child's environment, replete with infectious and non-infectious antigenic
stimuli, occasionaly overwhelms his or her developing immune system. Such an
occurrence should not be considered out of the ordinary. Some estimate that as many as
25% of children are admitted to hospitals with environmentally conditioned ailments at
least once by the age of four [9]. For the majority of children, these episodes of illness
are brief, though uncomfortable, and the child is soon returned to the familiar
surroundings of home. A small minority of children (~ 4%), though, suffer from more
serious ailments that either require alengthy hospital stay (i.e., in cases of meningococcal
septicemia and epiglottitis), or frequent readmission (in cases involving chronic asthma,
cystic fibrosis, leukemia, incompliant diabetes, and end-stage rena disease) [9]. This
subgroup of children has been shown to be at high risk for developing lasting behavioral
harm from extended hospital internment [1,3].

Much of our understanding of how childhood hospitalization affects the very
young comes from work done during the early 1940'sand ‘50’'s. Jackson et al., in a 1942
paper, “ Treatment of the Young Child in the Hospital highlighted the detrimental effects
of a child's separation from his or her home environment. Extended separation from
home can detrimentally affect the developing mind socially and can reduce therapeutic
efficiency [7]. Throughout these decades, child psychologists were also working to
develop the basis of our current theories regarding the emotional bond between child and
caregiver, which can be interrupted by lengthy or chronic hospitalization. Bowlby et al.
showed that maintenance of a continuous relationship that includes extensive physical
contact is crucial to a child’s emotional development [2]. Emde et al. added to this the
finding that children without proper mothering (those, for example, in ingtitutions)
showed severe developmental retardation, poor health, and higher death rates despite
adequate physical care [42]. Summing up this body of work, Anna Freud examined the
effects that nursing, medical, and surgical procedures can have on young children (aged 1
—5)[5]. She concluded that

“The gradual mastering of various bodily functions, such as independent eating,
independent bowel and bladder evacuation, the ability to wash, dress, undress,
etc., mark for the child highly significant stages in ego development as well as
advances in detaching his own body from that of the mother and possessing it at
least in part. A loss of these abilities, when occasioned by the nursing procedures
(or by the weakened bodily condition itself), means an equivaent loss in ego
control, a pull back toward the earlier and more passive levels of infantile
development.” [5]

The enlightened work of these pioneers has enabled our present understanding of
the various challenges a child faces when admitted to a hospital. Coping with separation;



adjusting to multiple caregivers, dealing with a regression of autonomy; associating with
very sick children; as well as experiencing the disorientation of intensive care, anesthesia,
and surgery al play into a child's overal rate of medical recovery [11]. Of course,
children's hospitals of the early-to-mid-1900's were quite different from those of today,
and fortunately this large body of work [encouraged?] a number of reforms that have
positively impacted inpatient care. We have, in time, reduced some of the emotional
challenges that hospitalization entails. Such progressive reforms have included:

The encouragement of parental rooming with children younger than 5-6
[11].

The preadmission visit, whereby a child is introduced to his or her 2new
place” and 2new friends’ (i.e., the ward and healthcare staff, respectively)
[11].

A drive to minimize the duration of hospitalization [4].

Creative and active recreational and socialization programs, with liberal
visiting hours for family, friends, and siblings [4].

A greater understanding of the value of play, with special emphasis on
symbolic play in younger (less than three year old) children. The acting
out of achild's fears of a particular procedure, of the physician, or of the
ilInessitself is now encouraged [10].

Pediatric hemodialysis patients represent a significant proportion of those who
have benefited from these reforms. Nearly 50% of children who have end stage rena
disease require hemodialysis in order to sustain life until a kidney donor can be found for
transplantation [12]. A single treatment, occurring three times a week, lasts from two to
four hours. Groups of children coming together frequently for this and other treatments
have the potential to develop a strong sense of community. A number of factors,
however, hinder this. The open plan layout of the typica unit, although helpful for the
healthcare staff in efficiently administering treatment, denies privacy to the patient while
inhibiting a sense of community. Furthermore, with each patient effectively tied to a
dialysis machine and a bed, social interactions become constrained. Patients are thus
effectively isolated, even though other patients surround them.

Online communities represent a novel solution to some of these problems, as they
alow children to communicate with friends and family through a network-enabled
computer. The majority of network interactions specifically designed for the hospital
environment are text-based, utilizing chat and forum clients such as StarBright Web and
the Cystic Fibrosis Teams Initiative [21]. There is a growing body of evidence
suggesting that these communities, despite being limited to text interfaces, can improve
pain scores and may improve depressive symptoms, reduce anxiety, and raise self-esteem
[15,16,17]. The popularity of these networks (StarBright Web alone has over 30,000
registered users) is proof positive of the amelioration that they provide.

Studies performed to test more graphical interfaces show a similar potential for
gaming networks. The pioneering work of Bers et al. examined the use of a three-



dimensiona graphical virtua city, called Zora, which provided the setting for a pilot
group of hemodialysis patients to meet and interact. The test networks for this study were
small, allowing only three children to occupy a given space at one time. (The researchers
conceded that the network was limited in terms of the actual community size.) It allowed
these few users to occupy the same network space and to interact via their avatars. The
study was primarily a safety and feasibility study and demonstrated high degrees of both,
based on patient and healthcare staff feedback [13].

The experiences of hemodialysis patients within the Zora environment were
strikingly different from those of healthy children. First, the hemodiaysis patients tended
to use more fantasy and imagination when creating their environments. (Zora allowed
users to create and decorate their own virtual rooms.) Additionally, when designing their
avatars, the diaysis patients preferred using cartoon characters rather than their own
pictures, which the majority of healthy children tended to use. Secondly, the dialysis
patients in genera did not utilize many of the opportunities created to discuss their
ailment. They tended to show little or no interest in discussing health issues with other
patients online or with healthcare providers who logged on to participate. Instead, they
described enjoying how Zora could be used as a distraction from the boredom of
treatment [14]. These studies demonstrate that the strength of a virtual world lies in the
avenues it provides for an escape from readlity. Or rather, it provides an entrance into a
different kind of reality in which imagination takes precedence over suffering.

The use of interactive digital entertainment, or video games, in hospital settingsis
not new. Organizations such as the StarLight Foundation, mentioned above, have
pioneered the use of computer entertainment and video games in the inpatient setting, and
have further demonstrated the importance of play within pediatric heathcare [22]. The
work of Hoffman et al. details the use of virtual environments in reducing pain scores
when such environments are employed as an adjunct to pharmacotherapy for patients
with burns and dental pain [18,19,20]. What remains to be evaluated are @) groups of
children playing a game together in a community environment, and b) the effect of such
experiences on quality of life measures.

One factor that has dampened further study and broader interest in gaming and
healthcare environments is the stereotype that gamers, and thus games themselves, are
antisocial. The notion that people who play games are a small subsection of the
mainstream population, predisposed to being social pariahs, is now antiquated and
obsolete.

aVideo games have rocketed past movies in mass appeal, driven by powerful
technologies that have transformed games into fully interactive worlds. Players
now get video games that are active experiences with movie-quality visuals and
studio-caliber soundtracks.®[23]

Last year, fourteen billion dollars were spent on watching films worldwide, but
Americans aone spent eight billion dollars on games for their homes and a further seven
billion at the arcades [23]. Interactive digital entertainment is now a prominent part of



mainstream American, European, and Asian cultures. When a video game does well,
even the motion picture industry cannot compete.

Furthermore, the past five years have seen the melding of interactive digital
entertainment with the Internet, creating a wholly new form of community: the online
gaming community. 2Everquest® and 2Asheron’'s Call° are highly popular examples that
can have as many as 20,000 people playing together simultaneously. Expansive,
interactive gaming networks are known as persistent worlds [24,25]. There are currently
twenty-six active persistent worlds, with a further fifty-one planned [26]. [Consistency
is everything — pick a numbering rule and stick to it.]

Rationale

Our work seeks to address and explore a number of issues. 1) Children do not
enjoy being hospitalized. 2) Children with rare conditions can feel isolated. 3) Children
with chronic illness are capable of experiencing the same range of emotions that similarly
aged hedlthy children have, but may be limited from doing so in pediatric heathcare
environments. 4) Education, entertainment, and communication solutions are not unified
and vary from institution to institution.

Online gaming communities offer arenas in which children can communicate,
relate, and most importantly, play games together. Unlike single- or double-player games,
a networked game offers players a range of emotional and intellectual experiences and
can provide a foundation for developing unified education and communication systems,
in addition to affording children the opportunity to play with other children from
hospitals around the world. 1n essence, it is believed that interaction within the realms of
an online gaming community will improve quality of life, depression, and pain
assessment scores.

B.  Study Hypothesis
Access and utilization of a three-dimensional virtual world within a gaming network
improves quality of life, depression, and pain scores in children with chronic illnesses.

C. Objectives
Primary

1 To determine, by means of a randomized intervention trial, whether children
with chronic illnesses, who have access to and use gaming networks have a
higher quality of life and lower depression scores than similar children with
No access to gaming networks.

2. To determine whether the participants benefited from access to the game
proper or communal gaming with other hospital patients.

Secondary



To determine whether participants assigned to use online gaming networks have a
lower pain score than those with no access to online gaming networks.

2. To create a non-medicinal treatment supplement for chronically ill pediatric
patients.

D. Study design
The study design will be arandomized intervention trial.

Twenty-four eligible children will be randomly assigned to one of three intervention
groups. access to a gaming network, access to a game without the network experience, or
no intervention. Thiswill occur in two locations.

E.  Description of study population
1. Inclusion criteria

a. Patientswith conditions that require regularly scheduled hemodialysis.
b. Male and female patients.
c. Agerange: 8-18.

2. Exclusion criteria
a. Children who aretoo tired to play the game.
b. Children who lack interest in computer games.
c. Children who have physical handicaps who are unable to utilize a mouse
and keyboard.

3. Recruitment
a. Informed consent will be obtained from all patients and primary care
givers who meet the inclusion criteria. Both parents and children will be
counseled on the use of the computer, in addition to being encouraged to
learn about the subtleties of the game.
b. Participants must agree not to play the game in any place other than the
test sites.

F.  Samplesize—72 patients



G. Définitions of outcomes

The Child Health Questionnaire, a proven quality of life measure, will be used in
this trial. The CHQ measures fourteen unique physica and psychosocial concepts. Its
eight infant concepts are pain, physical functioning, general health, growth and
development, temperament and mood, behavior (getting along and perceptions), and
change in health. Its five parent concepts are emotional impact, time impact, family
cohesion, genera health, and mental health. The child self-report form consists of eighty-
seven questions. The parent form is available in two lengths (50 or 28 items) and scores
can either be analyzed separately (CHQ Profile Score) or combined to derive an overall
physical or psychosocial score (CHQ Summary Score). A raw scale score is converted on
a continuum from 0-100. A higher score always indicates more favorable ratings of
health and well-being. Scale scores can be compared against a representative sample of
childreninthe U.S. Preliminary profiles for some conditions have been collected [27].

The Physica and Psychosocial Summary Scores are based on factor weights
derived from the U.S. genera population and from condition groups. The norm is set at
fifty, and ten points is equal to one standard deviation. A score below forty indicates less
favorable quality of life. To date, sixty-five published trials have validated the CHQ as a
viable tool in the measurement of pediatric outcome measures [28,29,30].

Despite evidence demonstrating psychological resiliency among children with end
stage renal disease [37,38,39], there exists a sizeable pool of data illustrating that
chronically ill children have a greater predisposition to major depressive disorder (MDD)
than their healthy counterparts. Furthermore, Emslie et al. demonstrated that hospitalized
children show higher rates of relapse into depressive states over a five-year period after
the initial diagnosis of clinical depression is made[41]. For this reason, an evauation of
depression as a second outcome measure was decided. The Children's Depression
Inventory (CDI) is a twenty-seven-item, self-rated, symptom-oriented scale suitable for
use by children and adolescents ranging in age from 7 to 17 years. It discriminates
between those with a psychiatric diagnosis of major depressive or dysthymic disorder and
those with none or other psychiatric conditions. It is sensitive to changes in depression
over time and is acceptable as an index of the severity of depressive disorders. It
guantifies a range of depressive symptoms including disturbed mood, hedonic capacity,
vegetative functions, self-evaluation, and interpersona behaviors. Thereis aso aten-item
short form to provide an assessment of the extent to which a person exhibits depressive
symptoms and can be used when there is a need for a quick screening device or when the
examiner's time with the subject is limited [40].

The Wong-Baker Pain Assessment Scale will be used in addition to the PPSS
score to assess any impact the intervention may have on pain perception. This scale, like
the PPSS, has been extensively reviewed in the literature, and is widely praised for its
simplicity of administration and its sensitivity [31,32,33]. A few studies have suggested
the role that interactive digital environments may have on the perception of pan
[18,19,20]. While pediatric hemodiaysis patients do not typically experience somatic
pain during the procedure, administration of the Wong-Baker scale in this setting will add
more data to this relatively unexplored area of research.



We intend to use a virtua environment called MyPlace, developed by the
Children with Challenges Foundation[31]. This will act as the “home application’ from
which the child will have access to two other interactive gaming communities. MyPlace
allows a child to create a ‘virtual home' and decorate it according to their preferences, in
addition to providing a gathering area from which the participant can decide which online
game they will play (see inset). The
children will be given tutorials on rules
of play, character building, and etiquette.
They will then be allowed to play for a
time equal to the duration of their
dialysis and allowed to save their games
in progress, thus obviating the need to
begin from scratch with each new
diaysis session, unless the child
specifically desires it. Saving games in
mid-play will help the patient foster a

The starting point for a MyPlace user is inside the user's

sense of accomplishment as his or her
community grows from a village to a
town to acity in the course of the study.
As yet, the choice of which
software we intend to use is still under
evauation. A number of environments
have made the final evaluation criteria

own 3D home. Not only does this graphical home
represent the user within the MyPlace online community, it
also enables him or her to run applications and visit
selected Web sites through links placed on the interior
walls. The user also has the option to decorate the house
with furniture and pictures of their friends and family. The
caveman is an avatar, a 3D character that represents the
user as he or she navigates the application's 3D world.
Each house is supplied with a TV that supports streaming
video or plays locally-stored CWC content[31].

and ae listed here as possible

alternatives for our study. (photo courtesy of the CWC Foundation)

aThe SIMS Online,° by Maxis Software, a subsidiary of Electronic Arts
aAsheron's Call 2,° by Microsoft

agEverQuest,® by Sony Online Entertainment

aEarth and Beyond,® by Electronic Arts

H.  Datacollection methods and analysis

Data collection will begin when the patient logs in for the first time. Quality of
life and depression assessment questions will be collected by a web-based application
that outputs data points into a Microsoft Access database. This database will be used for
blinded analysis. Patient assessments will be collected once at the beginning of the tria
and once at its completion. The pain assessment score will be collected in the same
manner.

The null hypothesis states that there will be no difference in perceived quality of
life, depression, and pain scores between the children that have access to an online
gaming community and those that do not.



We intend to analyze the data to discover whether there is any significant
difference in pre- and post-intervention scores for quality of life, depression, and pain
assessment. Due to the small sample size, only non-parametric analysis methods will be
used. With a larger sample size, i.e., multiple sites, however, we will be able to utilize
both parametric and nonparametric analysis methods to evaluate the significance of
perceived improvement, if any, from the first trial. Specifically, we hope to extend our
study using the 2-tailed t-test, x2 test, log-likelihood ratio test, and a Pearson correlation.

A set of primary controls that match the inclusion criteria of the study will be
followed. These patients will not be given access to the laptop or the game, but will be
asked to complete the quality of life assessments and pain scales.

A second control group will be given access to the laptop and the game, but not
the opportunity to play in acommunal gaming environment. Similarly, they will be given
guestionnaires pre- and post- play intervention and the data will be collected.

l. Timeline:
Thetria will take place over a six-month period.

J. Proposed Locations:
Sites that have agreed to pursue an Investigation Review Board clearance:
- John's Hopkins Outpatient Pediatric Dialysis Center in Baltimore, Maryland.
The Children's Hospital Outpatient Hemodialysis Center in Boston,
M assachusetts.
The Children’' s Hospital in Montefiore, Brooklyn, New Y ork.
The North Dublin Pediatric Rehab Center in Dublin, Ireland.

K. Research Collaborators:

- Dr. E. Tierney: Director of Psychiatry, Kennedy-Kreiger Children's Center;
Baltimore, Maryland.
Dr. David DeMaso: Psychiatrist-in-Chief, The Children's Hospital, Boston;
M assachusetts.
Dr. J. Weisman: Director, The Carl Sagan Discovery Program, The Children's
Hospital at Montefiore; Brooklyn, New Y ork.
Dr. L. Goodman: Director, The SMARTLab, St. Martins's University, The
London Institute; London, England.
Dr. H. Lehman: Director of Bioinformatics, Johns Hopkins Medical Center;
Baltimore, Maryland.
Dr. J. Gonzalez-Heydrich, The Children's Hospital; Boston, M assachusetts.
Dr. M. Bes Elliot-Pearson Center for Child Development, Boston
University; Boston, Massachusetts.



Proposed Investigators:
Primary Co-Investigators: TBA

Secondary Co-Investigator: Arun Mathews, MD

Dr. Arun Mathews is currently a resident at the John Hopkins-affiliated
Good Samaritan Hospital in Baltimore, Maryland. Founder of a medical
informatics company, MedSimple, he has aways been fascinated with the
marriage of medicine and technology. In 1997, he created a program named
Dissection Room Assistant, which allowed medical students to create a searchable
database of their experiences in the college anatomy dissection room. It is still
used by students to for examination preparation. Dr. Mathews has authored a
series of high yield mnemonics flash cards for students and is involved in the
development of PDA solutions for hospitals [35].

Research Fellow: TBA
Pediatric Quality of Life Consultant: Jeanne Landgraf

Jeanne M. Landgraf has been involved in outcomes research since 1986.
She is the principa developer of the CHQ and is the founding scientific officer at
HealthAct, an applied outcomes measurement company based in Boston.

Jeanne is internationally recognized as one of the few leaders in pediatric
outcomes measurement, having spent seven years as the principal director of the
Child Hedlth Project a The Health Institute/New England Medica Center;
Boston, Massachusetts. She worked previously at Dartmouth Medical School in
the Department of Community and Family Medicine, where she directed work on
COOP Function Charts and other office-based research activities.

She has published and lectured extensively and has solid experience in
education and creative production, aswell asin applied clinical practice. Sheisan
Associate Editor for Quality of Life Research and has been an instructor and guest
lecturer at the Harvard School of Public Health [36].



M.

Proposed Budget (Single Site):

Budget category

Total costs for 6

months
Personnel (Salary and fringe benefits)
Research Fellow (1) / Full-Time $ 12,000
Principle Co-Investigator (1) / 6,000
Part-time
Secondary Co-Investigator (1) / 3,000
Part-time
Hardware & Software Implementation
Laptop PC's (8) @ $1,200 each 9,600
Wireless LAN cards (8) @ $120 960
each
Wireless LAN Router (1) 250
Network Technician (1) / Part- 3,000
time.
CHQ Data Collection/Analysis 3,000
Cost (Via HealthAct)
Children’s Depression Inventory 500
Questionnaires
Outcomes Consultancy 2,000
Total direct costs $ 39,410
20% indirect costs $ 7,882
Total budget $ 47,292
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