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Introduction: Virtual-reality solutions have successfully been used to train distributed
teams. This study aimed to investigate the correlation between user characteristics and
sense of presence in an online virtual-reality environment where distributed teams are
trained. A greater sense of presence has the potential to make training in the virtual
environment more effective, leading to the formation of teams that perform better in a real
environment. Being able to identify, before starting online training, those user charac-
teristics that are predictors of a greater sense of presence can lead to the selection of
trainees who would benefit most from the online simulated training.
Methods: This is an observational study with a retrospective postsurvey of participants’
user characteristics and degree of sense of presence. Twenty-nine members from 3 Air
Force National Guard Medical Service expeditionary medical support teams partici-
pated in an online virtual environment training exercise and completed the Independent
Television CommissionYSense of Presence Inventory survey, which measures sense of
presence and user characteristics. Nonparametric statistics were applied to determine
the statistical significance of user characteristics to sense of presence.
Results: Comparing user characteristics to the 4 scales of the Independent Television
CommissionYSense of Presence Inventory using Kendall T test gave the following results:
the user characteristics ‘‘how often you play video games’’ (T(26) = j0.458, P G 0.01)
and ‘‘television/film production knowledge’’ (T(27) = j0.516, P G 0.01) were signif-
icantly related to negative effects. Negative effects refer to adverse physiologic reac-
tions owing to the virtual environment experience such as dizziness, nausea, headache,
and eyestrain. The user characteristic ‘‘knowledge of virtual reality’’ was significantly
related to engagement (T(26) = 0.463, P G 0.01) and negative effects (T(26) = j0.404,
P G 0.05).
Conclusions: Individuals who have knowledge about virtual environments and ex-
perience with gaming environments report a higher sense of presence that indicates that
they will likely benefit more from online virtual training. Future research studies could
include a larger population of expeditionary medical support, and the results obtained
could be used to create a model that predicts the level of presence based on the user
characteristics. To maximize results and minimize costs, only those individuals who,
based on their characteristics, are supposed to have a higher sense of presence and less
negative effects could be selected for online simulated virtual environment training.
(Sim Healthcare 9:1Y6, 2014)
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Serious gaming.

Simulation-based training is an instructional technique

designed to accelerate expertise through skill development,

practice, and feedback in settings that replicate real world

environments. Simulation offers effective learning through

active learner engagement, repetitive practice, and the ability

to make the environment more challenging.1 Virtual reality

and simulation techniques have been used to successfully

train distributed teams. A major reason for using simulation

for team training is the ability to reproduce a high-risk

environment. Team members can learn how to manage

high cognitive loads and how to make good decisions under

stress. The US Navy found that teams, whose members knew

each other, display higher performance levels, faster reaction

times, greater accuracy, and greater mission success when

performing military operations compared with teams where

members were unfamiliar with each other.2 Human per-

formance is strongly influenced by the interaction among the

task, the environment, and the behavior of team members.3

Sense of presence is a state of consciousness, the psy-

chological sense of being in a virtual environment.4 The

International Society for Presence Research5 defines presence

as the sense of ‘‘being there’’ in a virtual environment. There

are 3 different types of presence as follows: personal presence,
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a measure of the degree to which a person feels like they are

part of the virtual environment (VE); social presence, the

degree to which other living or synthetic beings also exist in

the VE; and environmental presence, the degree the envi-

ronment itself responds to the person in the VE.4,6 User

characteristics, including individual properties such as age,

sex, cultural variables, and previous mediated experiences,

impact an individual’s sense of presence.6,7 Other dimen-

sions affecting sense of presence include physical space or

spatial presence (the sense of physical placement in the me-

diated environment and the interaction and control over

different parts of the environment), engagement (tendency

to feel psychologically involved and to enjoy the content),

ecologic validity (tendency to perceive the environment as

lifelike or real), and negative effects (tendency to have ad-

verse physiologic reactions such as dizziness, nausea, head-

ache, and eyestrain).7,8

The experience of the user is especially important when

determining individual levels of presence.9 A greater sense of

presence makes the learning experience engaging and rele-

vant.10 The users of a VE experience thoughts, emotions, and

behaviors similar to those experienced in real-life situations.

Because the user makes mistakes and failures in a protected

environment, they can reflect upon them. Sense of presence

during the learning experience is also important afterward

when users recall the training experience to solve problems

and manage situations in a professional context. Higher

sense of presence and emotional involvement have been

found to lead to higher possibility of recalling the training

event through associations.10

This article studies the user characteristics and the sense

of presence of 3 Air Force National Guard Medical Service

expeditionary medical support (EMEDS) teams that have to

perform in a simulated training environment using an online

3-dimensional (3D) virtual reality solution known as

GaMeTT [Game Medical Team Training]. The goal of the

study was to measure sense of presence and determine which

user characteristics are related to a greater sense of presence.

A greater sense of presence has the potential to make training

in the VE more effective, leading to more efficient and

effective EMEDS teams.

METHODS
To achieve our research goal, we designed an observa-

tional study with a retrospective postsurvey of user charac-

teristics and measure of sense of presence. Institutional review

board approval was obtained for this study.

Participants
An EMEDS is a rapid-response distributed medical team

deployed to forward locations during humanitarian relief,

wartime contingencies, and disaster response operations.

A deployed EMEDS team is composed of highly qualified

physicians, nurses, radiologists, surgeons, pharmacists, den-

tists, laboratory technicians, and communication specialists

supported by logistics, administrative, and security staff. Each

member of the team is a volunteer. Team members are

usually called separately from different locations and then

put together as a team with an assigned leader. Distributed

teams suffer from geographic separation and difficulties in

communication and coordination.11 A typical EMEDS

camp is composed of sets of portable tents, equipment, and

personnel built in a ‘‘modular fashion’’ to provide increasing

medical capabilities for a large number of patients.12 Expe-

ditionary medical support teams are required to be regularly

trained. Formal EMEDS training is a 5-day course taught 20

times a year with a class size of 50 to 75 students. After the

completion of the formal course, members must participate in

another formal training or attend a sustainment training every

24 months.13

Twenty-nine subjects participated in the study. The age

of the sample ranged from early 20s to late 50s, with 55% of

the sample younger than 40years. The professions of the sample

were nurses (28%), followed by physicians (21%), medics

(17%), students (14%), and administrators, x-ray service,

medical administrators, medical technicians, and radiology/

software professional (3% each). All team members were

certified to be part of an EMEDS team. The subjects were

predominately male (59% male, 41% female). During the ex-

periment, subjects were given the same role they had in their

real EMEDS team. Table 1 shows the user characteristics of

the subjects.

GaMeTT
GaMeTT is a 3D interactive simulation designed to

train universally distributed teams, such as EMEDS, in an

immersive, avatar-based, VE (Fig. 1). GaMeTT being built on

OLIVE software platform, participants are able to log on-

to GaMeTT from any secure Internet connection, and they

can work to achieve the team training objectives. GaMeTT

users are required to have neither high-end computers nor

high technology skills. The mouse and arrow buttons on

keyboards control the movements of the avatar. A headset and

microphone are used for communication.

Study Design
Three teams of EMEDS composed of 29 volunteers were

recruited from a Patriot Exercise training at Volk Field Air

National Guard Base located in Juneau County, Wis. Volun-

teers were assigned to 3 EMEDS teams from Oregon, Indiana,

and Canada. Teams I and II were composed of 10 participants

each; team III had only 9 participants.

Initially, all the subjects were grouped together in a

classroom-type environment with tables positioned in a

semicircle. A thirty-minute video highlighted the capabilities

of GaMeTT. Then, forty-five minutes were allotted for an

introductory training session regarding the basics of navi-

gating the virtual world and the GaMeTT Training System.

Subjects learned how to login into GaMeTT, how to move

the avatars in the simulated world, how to select objects, how

to communicate using the headsets, and how to operate the

medical model. A wireless access point was available in the

building. After the introductory training session, to simulate

the geographic distance between team members as it would

be in the ultimate use of the GaMeTT system, the subjects

were scattered throughout various rooms in the building.

Subjects were asked to perform their duties as an

EMEDS team in a simulated scenario. The scenario lasted for

1 hour 55 minutes. In our scenario, the participants belonged
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to an EMEDS team that was deployed inside a military base.

The participants had the following roles: nurse (3), doc-

tor (1), medical technician (3), administrative officer (1),

administrative technician (1), and team leader (1). Team III

operated with one less nurse. Team members logged into the

GaMeTT training system received an initial briefing from the

team leader and waited for the scenario to start. The team

reacted to the scenario events using the same supplies and

equipment available in real situations. The team also followed

the same procedures. Participants performed diagnostic and

treatment interventions on virtual patients. Virtual patients

responded with appropriate physiologic changes, such as an

increase in heart rate, decrease in blood pressure, and increase

in respiratory rate. The scenario was created so that the team

had to handle military and civilian casualties from 2 events, an

explosion and a car accident off base. Table 2 shows the matrix

of the events and the flow of patients used in the scenario. The

patient cue began with the first virtual patient arriving at the

EMEDS site. The virtual patient had a piece of glass in his leg.

The virtual patient was stabilized by the team and transported

away from the scene by ambulance. The next virtual patient

was brought in by helicopter with a lacerated liver. The patient

was not stabilized appropriately and died. Real people in

Virginia operated the training system. These people controlled

the behaviors and movement of the virtual patients, operated

the ambulances and helicopter, and generated the 2 events

(explosion and accident off base). At the end of the training, an

online debriefing session was conducted allowing the team to

review and discuss their performances by starting, stopping,

and replaying the entire scenario.

Outcome Measure
The Independent Television CommissionYSense of Pres-

ence Inventory (ITC-SOPI) is a 44 item, self-report ques-

tionnaire used to measure sense of presence during and after

a media experience, with no reference to objective system

parameters. This means that the results collected are subjective

to the user, and none of the questions refer to the simulated

environment used. The assessment is given after the media

experience and is divided into 3 parts. The first part collects

demographics and characteristics of the users. The second

part has 6 questions, which focus on user impressions and

feelings once the media experience is complete. The third

part has 38 questions, which focus on user impressions and

feelings during the media experience. The questionnaire mea-

sures 4 factors as follows: physical space (19 items), engage-

ment (13 items), ecologic validity (5 items), and negative

effects (6 items). The 44 items use a 5-point Likert scale, with

1 corresponding to ‘‘strongly agree’’ and 5 corresponding to

‘‘strongly disagree.’’8,14,15

The ITC-SOPI has proven to be a reliable and valid

measure of sense of presence. The ITC-SOPI questions re-

late to 15 content factors deemed relevant to presence on

the basis of theoretical and empirical articles including sense

TABLE 1. Subjects’ User Characteristics

Rate your level of computer experience n (%)

None 0 (0)

Basic 10 (34.5)

Intermediate 16 (55.2)

Expert 3 (10.3)

Rate how often you play computer games (1 missing).

Never 11 (39.3)

Occasionally 12 (42.9)

Often but G50% of days 4 (14.3)

Q50% of days 1 (3.6)

Everyday 0 (0)

Rate your average weekly TV viewing.

0Y8 H 15 (51.7)

9Y16 H 11 (37.9)

17Y24 H 2 (6.9)

25Y32 H 1 (3.4)

Education (highest qualification achieved) (1 missing)

Diploma 4 (14.3)

College degree 13 (46.4)

Professional qualification 11 (39.3)

What is the TV size you watch the most?

Medium (15Y28 in) 8 (27.6)

Large (928 in) 21 (72.4)

How would you rate your level of TV/film knowledge?

None 8 (27.6)

Basic 17 (58.6)

Intermediate 3 (10.3)

Expert 1 (3.4)

Have you viewed 3D stereoscopic images
using polarized glasses (IMAX 3D) before?

Yes 22 (75.9)

No 7 (24.1)

Have you ever used an experimental virtual reality system
before (beyond a computer/arcade game)?

Yes 7 (24.1)

No 22 (75.9)

How would you rate your level of knowledge of how 3D
images are produced?

None 10 (34.5)

Basic 17 (58.6)

Intermediate 1 (3.4)

Expert 1 (3.4)

How would you rate your knowledge of virtual reality
(ie, how it works)?

None 12 (42.9)

Basic 14 (50)

Intermediate 2 (7.1)

Expert 0 (0)

FIGURE 1. GaMeTT’s virtual emergency room.
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of space, involvement, attention, distraction, control and

manipulation, realness, naturalness, perception of time,

awareness of behavioral responses, sense of social interac-

tion, personal relevance, arousal, and negative effects (ad-

verse physiologic reactions due to the VE experience such as

disorientation, tiredness, dizziness, eyestrain, nausea, and

headache). The initial version of the ITC-SOPI was admin-

istered to 604 individuals after an experience with one of a

range of noninteractive to interactive media including IMAX

3D, IMAX 2D, cinema, video shorts, college film night, or PC

game.14 The ITC-SOPI has been used in numerous research

studies involving simulated environment and VE.16Y19

Statistical Analysis
Survey data were analyzed using SPSS 19.0. Means of

the 3 groups were examined against the 4 scales of the ITC-

SOPI. An independent samples Kruskal-Wallis test was

used to verify if any differences among the 3 groups were

found to be statistically significant. No differences were found

between the groups. Because no differences were found

among the 3 groups, the remaining statistical analyses were

run using 1 group of 29 subjects. Because of the small sample

size, nonparametric statistics were performed. Kendall T

was used to estimate correlation between items of the

user characteristics questionnaire and the ITC-SOPI. To

determine any differences between sex and the 4 scales of the

ITC-SOPI, an independent samples Mann-Whitney U test

was performed.

RESULTS
ITC-SOPI and Group Scores

The means of the 3 groups for the 4 scales of the ITC-SOPI

were calculated. The mean scores show that the 3 groups

do not differ. The group means of the ITC-SOPI for groups 1,

2, 3, and combined were spatial presence (2.88 T 0.53, 3.22 T
0.40, 2.99 T 0.62, 3.03 T 0.53), engagement (3.02 T 0.51, 3.59 T
0.51, 3.42 T 0.63, 3.34 T 0.58), ecologic validity (3.08 T 0.50,

3.47T 0.56, 2.70T 1.07, 3.07T 0.80), and negative effects (2.58T
0.79, 1.78 T 0.81, 2.68 T 1.12, 2.37 T 0.98), respectively. We

performed an independent samples Kruskal-Wallis test to

verify if any of the differences among the 3 groups were sig-

nificant. The test showed no significant differences for spatial

presence, engagement, ecological validity, or negative effects;

no significant differences were expected because the groups

were homogenous.

User Characteristics and the ITC-SOPI
Table 3 shows the correlations between background char-

acteristics and the 4 scales of the ITC-SOPI using Kendall T.

Kendall T, a nonparametric correlation, was used because of

TABLE 2. Scenario Events

Event or Actor Patient Enter Mode Event Description or Medical Case t-Start, min t-Finish, min Patient Exit Mode

Actor 1 Ambulance Glass in leg 0 28 Ambulance

Event 1 Accident off base 11 37

Actor 2 Helicopter Lacerated liver 0 34 Dies

Actor 3 Ambulance Pneumothorax 19 35 Dies

Event 2 Explosion 26 26

Actor 4 Walk Civilian visit 27 49 Walk

Actor 5 Walk Dehydrated 30 66 Walk

Actor 6 Helicopter Ruptured spleen 33 88 Helicopter

Actor 8 Walk Lacerated forearm 40 85 Walk

Actor 9 Ambulance Crushed chest 41 91 Dies

Actor 10 Walk Lacerated forearm 57 115 Dies

Actor 11 Walk Pregnant 59 115 Ambulance

TABLE 3. Kendall T Correlations for User Characteristics and the ITC-SOPI

User Characteristics n Spatial Presence Engagement Ecologic Validity Negative Effects

Rate your level of computer experience. 29 0.055 0.117 j0.083 j0.281

Rate how often you play video games. 28 0.128 0.177 0.064 j0.458*

Rate your average weekly TV viewing. 29 0.115 0.295 j0.056 j0.039

Education level (highest qualification completed). 28 j0.195 j0.044 j0.252 0.102

What is the TV size you watch the most? 29 j0.004 j0.104 j0.060 j0.276

How would you rate your knowledge of TV/film
production knowledge?

29 0.250 0.149 0.136 j0.516*

Have you viewed stereoscopic (3D) images
using polarized glasses before?

29 j0.057 0.109 j0.083 0.285

Have you used an experimental virtual
reality system before?

29 j0.154 j0.182 j0.021 0.163

How would you rate your knowledge of how 3D
images are produced?

29 0.097 0.274 j0.045 j0.279

How would you rate your knowledge of virtual
reality (how it works)?

28 0.305 0.463* j0.004 j0.404†

*Correlation is significant at the 0.01 level (2 tailed).
†Correlation is significant at the 0.05 level (2 tailed).
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the small data set with a large number of tied ranks. Although

Spearman statistic is the more popular of the 2 coefficients, re-

search suggests that Kendall statistic is actually a better estimate of

the correlation in the population.20 Among the user character-

istics ‘‘how often you play video games’’ was significantly related

to negative effects, (T(26) = j0.458, P G 0.01). ‘‘Television (TV)/

film production knowledge’’ was significantly related to negative

effects (T(27) = j0.516, P G 0.01) too. ‘‘Knowledge of virtual

reality’’ was significantly related to engagement (T(26) = 0.463,

P G 0.01) and negative effects (T(26) = j0.404, P G 0.05). In-

dependent samples Mann-Whitney U tests were performed to

compare differences in sex and the 4 scales of the ITC-SOPI.

No significant differences were found for males or females for

spatial presence, engagement, or ecologic validity. However,

females experienced negative effects more than males (median,

3.09; U = 43.00; z = j2.618; P = 0.009; r = j0.486).

DISCUSSION
The medical community has begun to implement team

training interventions.21 Team training is especially impor-

tant in the medical field owing to the high level of personal

interaction and owing to the high complexity of the tasks

that need to be accomplished. Online training, using sim-

ulation solutions, can support the team training objectives

and can provide opportunities for team interaction. Par-

ticipants log into the VE from their own offices or homes and

work collectively toward the same goal while optimizing

their time. The users characteristics can provide an indica-

tion of which person should be selected to participate on the

online team training such the one presented in this article.

This study measured user characteristics and sense of

presence in EMEDS teams. Determining the amount of im-

mersion and sense of presence felt by users in a VE has been

studied extensively. However, few studies have reported user

characteristics as an important component when mea-

suring sense of presence.22,23

A previous research study showed more experience with

computers increases immersion and sense of presence.24 This

study reports that less knowledge about virtual reality and less

TV/film production knowledge lead to more negative effects

during virtual-reality training. On the other hand, the more

knowledge someone has about virtual reality leads to a greater

sense of engagement. We believe that to maximize the learning

outcome of team training, it is necessary to know which

participants should be selected. To make the training more

effective, it could also be beneficial to organize introductory

courses on virtual reality and gaming for those individuals who

have little experience with virtual reality.

A previous research study on a first-person shooter game

found no statistically significant difference between men and

women when measuring cybersickness.24 Another study,

where teams faced a problem-solving activity in a simulated

environment, reported that males felt a greater sense of

presence and reported more negative effects than women in the

VE.22 The differences highlighted by these studies could be

associated with the different tasks subjects had to perform in

the simulated environment. Our study suggested that females

have more negative effects compared with men in the VE.

Researching sense of presence is essential for improving

the quality and the effectiveness of online training that adopts

simulated environments. Presence plays an important role in

the learning process and transfer of skills. A greater sense of

presence makes the learning experience engaging and relevant.

Edgar Dale’s Cone of Learning25 is a visual metaphor for

learning modalities. As we move from the top to the bottom of

the cone, we see increased learning as more senses are engaged.

According to Dale’s research, practical hands-on experience in

real-life contexts allows individuals to remember best what

they do and leads to the retention of the largest amount of

information. This is in part because the experiences, near the

bottom of the cone, closer to real-world experiences, make use

of more than one sense. Simulating the real experience is

second from the bottom of the cone. High level of sense of

presence can make the simulated experience more similar to

the real one.

It is indubitable that simulated environments can generate

a variety of scenarios with more challenging training oppor-

tunities for more experienced EMEDS. Moreover, scenarios

can be constructed such as natural disasters and military in-

cidents that cannot be reproduced in the real world. Finally,

mistakes and failure can be played back in debriefing sessions

allowing users to perform after action reviews.

There are several limitations of this study. We are aware

that a single-case study is the weakest of all study designs and

that the small sample impacted the power of the study. An-

other limitation is the use of a self-report measure, which is

open to respondents’ recall bias, social desirability bias, errors

in self-observation, and acquiescent response. The vague

language used in the ITC-SOPI is open to misinterpretation by

respondents. However, we felt it was important to not change

or rephrase the ITC-SOPI survey for allowing further research

to compare results. Another disadvantage of the ITC-SOPI is

the fact that the survey is given after immersion. The ques-

tionnaire may be influenced by events toward the end of the

immersion near the time of the questionnaire administration

when participants may become fatigued or bored, thus

influencing their responses. Participants may also have been

especially tired because they joined the experiment just after

the end of the real Patriot training exercises. Another weakness

of the study was that participants were situated too close to

each other during the introductory training on GaMeTT.

Although this weakens any claim on the ability to train re-

motely, we believe that learning how to use GaMeTT could

easily be achieved by watching video tutorials from remote

locations.

Future studies should include a stronger study design

using a larger population of EMEDS. Data obtained could be

used to create a model that identifies which user characteristics

lead to a greater sense of presence. Finally, it would be inter-

esting to compare the performance of EMEDS teams trained in

the virtual world with EMEDS teams trained in a real world.
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