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Abstract - Serious games can help in training medical first
responders by providing emergency simulations whichare

always available, safer and possibly cheaper thaneal-world

simulations. However, serious games for training eergency
medical services (EMS) nurses must take into accourte

familiarity of the users with 3D videogames, whicttould be very
low. In this paper, we present a prototype of theesious game we
are developing for training EMS nurses in decision aking and

the results of a user study we have carried out witits intended

users. The main purposes of the study were to assassrses’

acceptance of this kind of application, as well aso collect

suggestions and requirements from nurses.

Keywords: serious games, training, emergency medical
services, evaluation, human-computer interaction

. INTRODUCTION

Recent years have seen an increased interest iouser
games and virtual reality applications to train egeecy
medical services (EMS) professionals (see, for ghenil-
3]). This paper particularly focuses on training EMurses
(i.e., nurses working in ambulance services) inigiet
making, employing 3D serious games (hereinafteriose
games). When EMS nurses face an emergency, they thav
correctly analyze the situation, assess conditiohgeople
involved, choose the appropriate procedures andonoer
them. Moreover, they typically need to operate urstect
time constraints. Training of EMS nurses includiesgroom
lessons, case studies and live simulations.
procedures are often described by flowcharts thaeho be
memorized by nurses. During live simulations, nsirgperate
on mannequins or actors under the supervision of
instructor, who guides them and evaluates theifopmance.
More rarely, larger live simulations (reproducifoy, example,
mass disasters) involving many people are organineith
actors playing patients and emergency situatiooeeated in
every detail. Simulations are necessary for EMSemsjrto test
concepts and procedures they learned before havihgndle
real emergencies, where errors or delays can hesieus
consequences. These live simulations require tinagey and
organizational effort, each time they are carried. ©n the
contrary, once modeled, the situations presented bgrious
game can be rehearsed without additional costgjahee can
be used at any time and anywhere, including at havhde
live simulations have to be organized in specifiacps on
specific dates. Training sessions need to be pesily
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repeated during nurses’ careers, mainly becausg: (i
emergency procedures are regularly updated, assegoence
of progress in medicine (e.g., new knowledge omgha in
medical devices); (ii) some kinds of emergency aditins
occur rarely, and they have to be rehearsed throagting, to
maintain the ability to effectively handle them.uBh nurses
need training tools which can be frequently, coiemlty and
easily accessed and used, to reduce time needei@ndse
opportunities for training. Although serious gamese
promising to this purpose, some difficulties maigafrom the
fact that nurses may not be familiar with 3D videogs.
Thus, the serious games development process nulistiéna
careful design and evaluation that involves therided users ,
to identify and solve possible usability issues,clvhcould
hinder the effectiveness of training. In this paper present a
prototype of the serious game we are developindgréning
EMS nurses in decision making and the resultsufea study
we have carried out with its intended users. Thpgae of the
study was to assess nurses’ acceptance of this &fnd
application, as well as to collect suggestions raegiirements
from nurses.

The paper is organized as follows. In section 2, we
describe previous work relevant for this paperséation 3,
we introduce the proposed application and the ratituas for
its development. Section 4 illustrates the usetystve carried
out and discusses its results. Finally, sectioedcdbes future
work.

II.  RELATED WORK
In this section, we consider previous work conaggni

aNgesktop VR applications and serious games to tradical

personnel supporting the development of non-pralcskills
(e.g., decision making or interpersonal skills)zadéevich et
al. [5] propose a system for multicasualty triageining,
employing a commercial virtual patient softwarengiating
the physiology of casualties, and a learning mamage
system implementing the FAPV (Familiarization, Atmg
the skills, Practicing the skills, and Validatinget skills)
method for self-paced learning. The system has h&sn
employed for pre-deployment training of Army mediistaff,
for military sustainment training and for civiliadisaster
response training. A user evaluation of the lastgplication
was carried out but the results have not yet bedsighed.
The Xbox 360 has been used as the platform faritgitriage
skills in disaster situations in the “Triage Trathgame,



developed by TruSim [6], a division of Blitz Gam8sudios.

Jarvis and de Freitas [7] carried out a preliminewgluation
of this system, comparing two groups of users: fivener

using “Triage Trainer”, the latter using a tablegggme. Users
in the first group were more accurate in priorntgicasualties,
suggesting that the serious game could be a mdeetigé

training tool than traditional methods, but, ashlighted by
the authors, more investigation is necessary, sineesmall
size of the sample and the different quality oftringtions

given by different evaluators could have affecteglresults.

Sliney and Murphy propose JDoc [8], a serious gaiitie
the purpose of familiarizing junior doctors withetday-to-day
stress of a hospital. This system aims at redutiegtime
senior doctors have to devote to training junioctdrs. It

A. Application Description

The application has been developed with NeoAxid,[&1
game engine programmable in C# and built on theeOgr
rendering engine [12].

Nurses can freely explore an environment in which a
emergency is taking place. Non-player characterBQH
provide information about the emergency or aboutepts
through conversations triggered by proximity. Whairses
want to carry out tasks on a patient, they havehtiose what
task to perform among a list of possible ones, gy to the
appropriate emergency medical procedure (Fig.1).

We have modeled medical procedures by using
ConcurTaskTrees (CTT), a task modeling formalisoppsed

provides a CMS to manage resources like charactersby Paterno [13]. We produced CTT models duringdésign

questions and answers that can be made in the gseredata
and so on. A graphical interface allows senior discto create
scenarios by adding patients, together with sorfatect data
(e.g. blood test results), nurses and doctorse@éme. Users
can then go through the environment and assessnfmtiA

usability test with junior doctors showed that ratgion with

the system was easy and that doctors perceiveslat useful

tool for training. Unfortunately, the paper doed describe

how the behavior of characters with which the plagan

interact and the assessment procedure are modeled.

Finally, the Medical Media and Design Laboratory] [9

developed a scenario-based medical simulation & 3D
virtual world of Second Life, called Second HedltB]. This
project aims at providing a new training methodrfarses and
medics from any speciality. A single scenario isrently
available. Its main purpose is to teach nurses wgrin a
hospital ward how to use medical devices. Useth@btystem
can explore a virtual hospital, retrieve documentsout
patients, reach their beds and interact with médieaices,
setting their parameters. A scoring system keepsk trof
users’ performance. The scenario was tested withesurom
different specialties pointing out that 82% of thewould
recommend it as a training tool to nursing studesntsl
colleagues.

lll.  OURPROPOSAL

The application we propose has three main training

objectives:

phase, starting from scenarios written togetherh wéin
emergency medicine expert, describing the detaiflsar
emergency situation and of the medical procedurebdo
performed in that situation. Our application retee tasks
from CTT models to propose them to the player aasist
player's actions correctness with respect to thesiraints
imposed by the CTT model. We provided a detailed
description of how we use CTT to model and accesdical
procedures in [14].

The selection of a task by the player triggers es/enthe
environment, for example the execution of animation the
appearance of visible effects on the patient. Ationa of
nurse characters reproduce real EMS nurses’ ac(l€igs2).
Virtual models of the medical devices actually emypld by
EMS nurses are available in the environment andusesi
during the procedure. When these devices havepéagjshe
corresponding information is shown on a 2D plane do
convenient reading (Fig.3 shows an example whanedical
monitor has been connected to the patient). An NPC
representing a second nurse can take part in theke which
have to be performed by two nurses (Fig. 4).

B. Design

The involvement of domain experts in the design of
serious games is fundamental to guarantee an igfect
training [4]. To produce the prototype of the apation, we
defined a first emergency scenario and the associaedical
procedure (one of the authors of this paper is & Hoctor),
which was then translated into a CTT model. Ingbenario

e given an emergency medical procedure composed ofdescription, we identified the actions which had he

tasks, teach the trainee what tasks to performhiat
order and with what timing, to correctly carry dboé
procedure;

< show the trainee how the tasks are performed, ¢jtrou

realistic animations of game characters;

presented through animations and the medical devsed by
nurses during the procedure. We then recorded siurse
movements for those actions through motion capncetook
pictures of the real medical devices to be abldatthfully
model them and their behavior. A preliminary vensaf the
prototype was then reviewed by to the medical dbuof

« allow the trainee to experience also infrequent this paper, together with two doctors experts irysptal

emergency situations. In particular, we are foaysin

on emergencies involving disabled persons.

disabilities (since the emergency scenario involvesabled
patient), and an emergency nurse. Their opinidogvat us to
refine the prototype, making it more adequate garitended
users and to its purposes.



Figure 1. Choosing an action

Figure 3. Reading vital signs in the 2D plane

In the following part of this section, we illusteathe most
important design decisions which guided the devalau of
our application. They were based on particular irequents

application and on the application main purposes.

1) Navigation and Controls

To allow for a straightforward interaction with the
application, giving users the possibility to betéemcentrate
on the training task, we decided to employ only tmn
devices they are already familiar with, i.e. mouaed
keyboard. To the same purpose, we limited the nurolbe
keyboard commands, often
videogames. Thus, we
navigation control. Moreover, we chose
perspective over a first person one, since thedomatiows the
player to see more of its surroundings and canriboé to
increase situation awareness. The camera (i.epdid of
view) is placed just above the head of the plajaracter. To
rotate the camera over the three axes, users baveve the
mouse, while to reach a destination in the enviremimthey
have to click with the right mouse button on it.€Tdirection
in which the player is looking is indicated by a@sshair (see
Fig. 2 and Fig. 3). After a right click, the playeharacter
automatically moves towards the chosen destinati@hstops
when it reaches it or when it hits an obstacle. (a.table) in
between. Beside the mouse, only two keys are negess
interact with the application: the “Enter” key tdgg between

Figure 4. The nurse NPC helps in a step of the procedure

navigation mode and task selection mode, in whadraican
select tasks to perform the procedure, while thec*Ekey

goes to the main menu which contains the usual game
which mainly depended on the intended users of thefunctions such as load and save game. To mainiaitagty

with the interfaces of the applications to whichisas are used
(office applications) we integrated in the GUI always
visible panel proposing the list of tasks stillbe performed
(see Fig. 1 and Fig. 3). In task selection modersugan
choose a task from the list by double-clicking it.

2) Patient Symptoms
A fundamental aspect of a serious game for traiiMp

required by commercial nurses is how the patient character is modeled peided
implemented a point-and-click the simulation of patient symptoms to give feedbtacksers’
third person actions (i.e. to tell if performed actions are eeot) and to

allow to evaluate patient conditions. The credipilof the
simulation was validated by the already mentionestiical
panel. For our first implementation, we employedvery
simple patient model, to quickly produce somethingses
could evaluate. In this model, patient states deatified by a
set of symptoms and correct users’ actions triggarsitions
among states. Consequences of wrong actions are
currently considered: if users select the wronds fasm the
list a text message is shown, telling them theyehavselect
another task.

3) Animations

not



During a medical emergency procedure, nurses have t proposed in [15]. After having been instructed dbthe

perform various actions which require precise seqgesg of
physical actions. The scenario employed in the esaluation
included the detailed animations of three diffengsutis of the
procedure, namely putting the oxygen mask on themis
face, cannulating a vein, moving the patient to stretcher.
All three animations tried to accurately reprodtlve actions
performed by nurses during real emergencies, bay th
differed in the way they were created and presetatélde user
of the application. The first animation was creatgsing
motion capture data, while for the other two keyfisg was
employed. Keyframing is a technique through whitie t
animator creates a subset of the frames requiredafo
animation, while the remaining frames are creatgdthe
software, which interpolates between subsequentfieages
in the handcrafted set, creating a smooth tramsitibhe
second animation was presented in the form of aemua
video overlaid on the 3D scene, focusing only opadrtant
details (e.g. the hands of the nurse character) stuoaving
only the most significant movements. The other
animations, were instead performed by characterghan
environment and all the movements involved werenshto
the user. Motion capture requires more effort tkeyframing,
but should produce more realistic animatianaking virtual
characters perform actions in the environment isendifficult
than overlaying a rendered video on the scene,shatild
provide a more compelling experience, since virtharacters
move in the same environment in which users areerset,
helping to maintain their sense of immersion.

We included these three animations in the apptioatio
test if nurses had strong preferences for one igebrover the
others and receive indications for the future dewelent of
the application.

IV. EVALUATION

two

navigation controls, nurses went through a fanid&ion
phase, in which they were allowed to spend unlidnttane in
a generic non-emergency environment until they féattiliar
with the controls. This environment was made of twoms
connected by a corridor. Nurses started in theidmrrand
were asked to reach the room in front of them, whiad
many boxes in its centre, forcing them to move glthre walls
to explore the room. Nurses were asked to fullweyrthe
room around the boxes and to go back to the carrideen, if
they were not yet familiar with the controls, thegre asked
to reach the other room at the opposite end ofctireidor.
This room was larger and contained several bigafnt
objects. Nurses were free of moving around the rasrnong
as they liked.

When nurses felt acquainted with the controls, abeial
evaluation phase (involving the emergency situatitarted.
First, nurses were told that they had to move engame and
choose the appropriate tasks from the proposedolibindle
the emergency situation. They were instructed abowt to
interact with the list of tasks and about the fhet tasks in the
list would appear in random order. No other infotiora was
given, but nurses were invited to ask any questiovase of
difficulties or make any remark about the whole erignce
(following a think-aloud protocol), since we wergdrested in
evaluating how quickly all the aspects of the aggilon could
be understood. Then, interaction with the applicastarted.

Initially, a text window, introducing the emergency
situation and the main goal, was shown to the surdéer
they read the introduction, they could click on@K button
and start the test. The virtual experience initiplaces nurses
on the front door of the patient’s house where tieymet by
a relative of the patient, who engages them in i&f br
conversation about what happened. Then, the relativites
nurses to follow her to the patient’s bedroom. Othey reach

We carried out the user study with a sample of EMS the room, the relative informs nurses that the epatiis

nurses from Udine Hospital, Italy. The emergendyation

we presented in the evaluation is based on a sSoenar

concerning a tetraplegic person with high fever easgiratory
difficulties in his bed at home, assisted by atieta Patient’s
respiratory difficulties in the simulation are indted by a
cyanotic complexion, the sound of heavy breathing the
animation of the patient abnormally bending hissthEMS
nurses must initially concentrate on patient's thiag, putting
an oxygen mask on his face. Then, they must measume
vital signs(heart rate, blood pressure,...). Finalhg patient
must be transferred to a stretcher.

A. Procedure

The evaluation took place at the EMS center fronickvh
ambulance runs start. Each nurse carried out stedt@ing
her work shift change or during a planned breaks Way, it
was possible for nurses to devote their full aitento testing
the application without being subjected to timesgtee or
interruptions (such as having to leave for an aaneé run)
and distractions. Nurses were initially asked tb ifi an
anonymous questionnaire containing demographic tipnss
(age, sex, computer experience, videogame experietc.).
The computer use questions (Table I) were insdinethose

tetraplegic and they can also see a wheelchaih@patient's
bedside. Then, nurses can choose tasks from tipeged list
to perform the procedure. When a correct task @.eask
satisfying the constraints imposed by the CTT maxfethe
procedure) is chosen, an event is triggered irethéronment
(e.g. an animation). After executing all the profaeks, when
the patient is transferred to the stretcher to taike to the
ambulance, a message
successfully handled the emergency.

After the test, nurses were administered a quesdios
(Table II), with questions about overall playerisfaction,
specific application details, such as the patidrdracter or
animations, and the perceived usefulness of thil lof
applications in training EMS nurses. Most questiavere
presented in the form of statements to which nurses to
indicate their level of agreement on the followifige-item
Likert scale: “Strongly agree” (1), “Agree” (2), @ther agree
nor disagree” (3), “Disagree” (4), “Strongly disegf (5).
Some statements were taken from questionnairegedpin
the literature. In particular, statements 2, 3,515, 16 and 17
were taken from the Presence Questionnaire propoadaé].
Statement 12 was instead taken from the EGameFlgW [
questionnaire, developed to evaluate games forareite,

informs nurses that they have



TABLE | THE COMPUTER USE QUESTIONNAIRE

1. How long have you been using a computer?

| have never used |&essthan ayear About a year 1-2 years 2-5 years ore han 5 years
computer

2. How often do you use a computer?

I do not use @About once aA few times gA few times|Every day, for lessEvery day, fofEvery day, for more
computer month month a week than 1 hour 1-3 hours than 3 hours

3. What is the main thing you do when you use amger?

| do not use @e-mail Web browsing Videogames Document editi@ther (describe)
computer (Word, Excel, etc.)

4. How much do you like using a computer?

Not very much A little | Very much

5. How often do you play videogames?

I do not playAbout once aA few times gA few times|Every day, but forEvery day, forEvery day, for more
videogames month month a week less than 1 hour |1-3 hours than 3 hours

6. Did you ever play 3D videogames?

Yes [No

while statement 1 comes from a questionnaire tduata
navigation control in VEs [18]. To have more oppaoities to
collect subject's opinions on the experience, wadré¢he
statements together with them and interviewed them
elaborate on their ratings. The number of itemsthe
questionnaire was intentionally kept as low as iptesssince
we wanted to avoid nurses getting tired by thewatain.

B. Participants

We circulated a call for volunteers among the rarse
working for the EMS center of Udine Hospital: 12tbém, 8
female and 4 male, answered positively. Subjects rit
receive any compensation for participating in thest.t
Moreover, their supervisors were not involved ine th
recruitment, to avoid any pressure to participat¢he study.
The average age was 38.6 years (youngest 28, dki@st
Answers to question 2 in the computer use quesiiomn
(Table 1) were almost equally distributed among thst 3
responses: all subjects use computers daily, aithathe
numbers of hours differ. No nurse indicated playing
videogames as his/her most frequent computer thskmain
computer tasks were almost equally distributed amemail,
web browsing, editing documents and using compugers
work. Most of the subjects said that they like $& computers
very much. Use of videogames (2D or 3D) is rareuvses
play videogames a few times a month, 4 nurses aksut
once a month, only one nurse never played videogame
Finally, 7 subjects never played 3D videogames.

C. Results

In this section, we report the results for the pbmses of
the evaluation and the questionnaire (Table I, rCHp
together with some observations.

1) Familiarization Phase

controls. The two slowest nurses took about 5 remub
familiarize with the controls. They both did notvlaany
experience with videogames and one of them didliketto
use computers while the other one liked it onlyitéel A
particular case is represented by a nurse havipgrience
with some console games, who took nearly 4 minttes
familiarize with the controls. Because of the cohsystem
she was used to, she would have preferred to @seartow
keys to navigate the environment rather than thaiseo
Overall, the control system we adopted turned oloet easily
learnable by users with no or very little expernath 3D
videogames, as confirmed by questionnaire restifts.first 3
statements, concerning the difficulty of familiamig with the
controls, received positive ratings as shown in. Fig
Altogether, 83% agreed or strongly agreed and lig¥gdeed
with statement 1; 91% agreed or strongly agreedgevanly
9% disagreed with statement 2; 75% agreed or dirong
agreed, 17% neither agreed nor disagreed and 88grded
with statement 3.

2) Test Phase

The test phase was completed in an average timeanfy
7 minutes (mean: 419 seconds, standard deviatiBr888
seconds). During this phase, nurses did not shaticpiar
difficulties with the controls or the interface.aBment 4
obtained very good ratings (50% strongly agreeé) 4greed,
8% neither agreed nor disagreed). This result wegdigtable,
considering that computer use questions pointedthaitthe
main computer tasks carried out by the subjectsallysu
involve traditional 2D interfaces with menus.

3) Specific Application Details
Statements 5 to 11 investigated the satisfactiorthef
subjects about some specific aspects of the afiplicarhe
provided view proved adequate to the task, allowiagses to
completely survey the environment and objects dratacters

The purpose of this phase was to allow nurses toin it (identical results for statements 5 and 6%58tr0ngly

familiarize  with navigation controls. The average
familiarization time was about 2 minutes. Howeveeyven
nurses took 90 seconds or less to get used toabigation

agreed, 42% agreed). During the demonstrations hef t
preliminary version of the prototype, the expeciadi of the
medical panel on the simulation of the patient were



TABLE Il EVALUATION QUESTIONNAIRE

Interaction

1 | Moving through the virtual environment was simple

2 | I quickly learned how to move through the envinamt

3 | | could always concentrate on the actions ingdmae rather than the commands | had to tgvactivate them
4 | 1 quickly learned how to select tasks to perfone procedure

View

5 | I had a complete view of the environment

6 | | could observe well objects and characters énetfivironment from various points of view

Specific application details

7

The sound of the shortness of breath of the pateealistic

8

The cyanotic complexion of the patient is realist

9

List virtual patient’s aspects you liked or dislil (open question)

10

The application shows three animations, listedwelelated to actions belonging to the procedurde®them from 1 to 3 based on
your subjective preference (1 best, 3 worst).

Oxygen mask application. Vein cannulation. tigPd’s transfer to the stretcher.

11

The characters helped me understand what was haggarthe environment and what | was supposedto d

Usefulness and effectiveness as a training tool

12

This kind of application could increase my knowledg

13

This application would integrate well with the trsig methods currently employed to train EMS nurses

14

In what phase of the training should it be empl&yémhen question)

Global satisfaction

15| | felt involved in the experience
16/ I liked the graphics of the application
17/ 1 liked the audio of the applications

18

I would be willing to use this kind of application

19| Additional comments (open question)
demanding, so we used statements 7 to 9 to colledes’ There was a substantial agreement about the ussfubf
opinions about the patient character. The numbertize level the game as a tool for training nurses: 50% of riheses
of detail of nurses’ comments stress how a credilofelation strongly agreed and 42% agreed (8% disagreed) with

of the symptoms and of the reactions of the patienthe statement 12 (“this kind of application could irese my
procedure is crucial for this kind of applicatiom® assess  knowledge”). They also thought that this kind o#iting

nurses’ subjective preference about the three diming could be easily integrated with current traininggadures for
introduced in section I, we asked them to puinations in EMS nurses (statement 13, 50% strongly agreed, &fl#ed).
order of preference, from the best to the worse¢tjon 10). In particular, we received the following commentada
We assigned a score of 1, 2, 3 respectively tditsie second suggestions, as spontaneous remarks or answensstan 14

and

third condition. The average scores for theeethr (the first two suggestions were given by almostraltses,

animations were 1.92 (standard deviation 0.96) fioe while the others came from single nurses):

rendered animation, 1.83 (standard deviation 0d) the
animation created through keyframing, 1.75 (stashdar
deviation 0.72) for the animation created with rootcapture.
Friedman’s test pointed out that the small diffeesnamong
these averages are not statistically significatte Bbtained
ratings highlight how there was no clear preferesmoeng the

the application could be used to train novice EMS
nurses who still have to learn all the emergeney th
application could be used during retraining, which
occurs periodically during a nurse’s career toedir
previously acquired knowledge;

considered animations, although we expected thelered « the need to concentrate on the patient during real
video to perform worse than the other tWO, sinee dherlaid emergencies could prevent nurses from pay|ng
video could have created a break in the sensero&nsion. attention to each possible detail of the procedsoe,

4) Usefulness and Effectiveness as a Training Tool

the application could be used to analyze emergency
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situations and the corresponding procedures moreagreed. In particular, some of them were reallyhasiaistic

carefully;

< the application could always be available to nueges

the workplace to refresh procedures when there is

some time available (e.g., waiting for an emergency
call), and it could also be used at home;

about the possibility of having such applicationsvays
available for training.

D. Nurses’ Feedback

During the evaluation, we invited nurses to shdmeirt
thoughts about the application, whether they werestions,

+ the application could be used to teach procedure critiques or proposals. Many of them were reladninor

updates;

e the application could be used to test nurses
knowledge, substituting written exams;

e a multi-user experience could improve collaboration
among the different roles involved in the emergency

such as nurses, ambulance drivers and possible

volunteer rescuers, by allowing them, to commumeicat
and cooperate applying their peculiar skills.

In the well-known Technology Acceptance Model [19],
which concerns also prospective use of a systemceped
usefulness and ease of use drive the acceptanee nafw
system or technology. Under this light, the highings in
perceived ease of use and usefulness obtained istumy are
an indication that training with serious games doloé well
accepted by nurses.

5) Overall Satisfaction

Statements about realism of graphics and audio ifeum
16 and 17) received the same high score (33% djrangeed,
67% agreed). It is interesting to note that subjegipreciated
the fact that nurse characters uniforms and mediesices
had been modeled after the real ones. This brotigt
simulation closer to their everyday life experiendéhough
the graphical and audio quality of the applicatiees not
reach the level of the best commercial videogarties high
level of satisfaction from the nurses’ side indésathat it is
more than sulfficient for the specific training dpation.

Almost all nurses reported a high or very high imement
(statement 15, 33% strongly agreed, 58% agreedn&®er
agreed nor disagreed). This happened despite thehiat no
particular interaction devices for immersive VR weised and
an observer was present.

Finally, statement 18 tests if nurses would wilingse
this kind of application for training. The scoresmaie highest
of the whole questionnaire: 75% strongly agreed a&#o

improvements we should implement, but some idextifiew
requirements for the application or important desifeatures.
In the following, we report the most significanttbém.

In the game, users can see a nurse NPC which remain
passive most of the time. It was included intoehgironment
for two reasons: (i) to make the presented sitnatiwore
realistic, since actual ambulance runs do not irev¢dss than
two nurses; (ii) to take part in moving the patigatthe
stretcher, an action required by the consideredrgeney
medical procedure. One of the nurses wished itpeasible to
give orders to the other nurse, since in real sitoa different
nurses deal at the same time with different aspettthe
emergency. This is an improvement which could iaseethe
complexity of possible actions in the environmend gose
more challenges to the user, providing more legrnin
opportunities.

We were expecting nurses to generally require merieal
interactions with characters than we provided ire th
application. However, only one of them said it wbuilave
been good if he could ask free questions to theeroth
characters. Similarly, another nurse pointed oat ¢tfuestions
asked by the main character to the relative ofptiteent were
not the ones she would have asked in a real sityaso the
possibility of choosing questions would have made
conversations more useful.

Making the application adaptive to different prciesal
levels was suggested by one of the nurses. Sinceeal
emergency situations, people with different skélsd goals
are involved (e.g. nurses and volunteer rescuetsg,
application should be aimed at training all theséerknt
kinds of first responders and automatically adaptlifferent
users. For example, the set of tasks a user camsehivom
should change with respect to the role she has.

Some nurses had previous experience with other
multimedia applications for training, usually inetfiorm of



hypertexts, integrating videos and animations, tvhic
presented emergency situations and asked traineetect the
correct procedure or just showed it. Nurses congpdhe
serious game with these applications or with tlaglitional
non computer-based training methods. In each ctse,
application was seen as a better way to convey latge,
mainly because of the immersive elements it intcedu

Finally, by observing nurses while they navigatedthie
game, we noticed that several of them tended tideohith
walls or other obstacles, forcing the camera tdtipos that
made it difficult to move away from those obstacl&his
problem could be overcome, for example, by optingzihe
way camera handles proximity with large obstaclesaking
these obstacles exert some force on charactekgeip them
away. Moreover, camera control has also to be daptignfor
situations like narrow passages or low ceilingsceithey
often make it difficult to locate destinations vehimoving
through the game, slowing down users.

V. CONCLUSIONS ANDFUTURE WORK

This paper has presented a serious game for tgainin
emergency medical procedures and the results eéagiudy
carried out on nurses. Since the subjects invoivdtle study
are the intended users of the application (i.eofgssional

EMS nurses), we think that the results we collected

(requirements, opinions about particular designisitats,
overall acceptance of a serious game for trainingdcision
making), could be generally helpful for the devehgmt of
systems with similar purposes targeted to the densd
category of users.

Following feedback received during the evaluatior
will proceed in two main directions. First, we pleEmemploy
the CTT formalism not only to model the medical qadure,
but also NPCs behavior and patient health statkigmo and
the interactions among them, exploiting the faat gtenarios
which predefine all the events are available froaditional

EMS nurse training. We intend to use CTT, possibly

proposing extensions to it, to support the debnitiof a
sequence of patient states at design time and fogna
patient states ontology for run-time retrieval eftalls about
the current patient state. We will also exploit CioTrepresent
NPCs actions and temporal relations among them.wille
then use a cooperative tree (a feature of CTT)adionect
player's actions to patient state changes and N&ffiens.
The game engine will thus be able to execute NRGss as
a consequence of player’s actions. Second, wedsilelop,
together with domain experts, a scoring systemnive players
the possibility to evaluate themselves with the gand keep
track of their progress.
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