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Abstract. Virtual Reality (VR) technology is used in clinical psychology to
integrate and enhance traditional assessment and therapeutic approaches for a
variety of conditions. It is also increasingly used in the training of health profes‐
sionals, as it provides authentic recreations of real-life settings, without exposing
students to situations for which they are not yet prepared. VR systems involve
different graphical user interfaces for human–computer interaction that vary
according to the level of immersion required. In this study, we explore the inter‐
action between level of immersion and gender, in order to establish whether the
differences in usability between men and women found in previous studies are
modulated by the level of immersion of the VR devices used to perform the
simulations. Seventy undergraduate students (44 women, 26 men) participated in
the study. They were randomly assigned to one of the two following conditions:
differential diagnosis skills training using simulated interviews with an immersive
system, or training using the simulated interviews with a non-immersive system.
The results showed that men rated the usability of immersive and non-immersive
systems to be almost the same, while women assessed the usability of the non-
immersive system to be higher. A greater proneness to motion sickness in women
is proposed as a hypothesis to explain these differences; this hypothesis should
now be tested in further studies.
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1 Introduction

Virtual Reality (VR) technology is used in clinical psychology to integrate and enhance
traditional assessment and therapeutic approaches for a variety of conditions. The first
studies of its effectiveness in the treatment of psychological disorders concentrated on
different types of phobia; these disorders are often approached via exposure therapies,
for which VR is particularly well suited. In a recent publication [1], Riva et al. reported
on the available reviews and meta-analyses on the use of VR in clinical and health
psychology. VR exposure has been demonstrated to be efficacious for the treatment of
a variety of psychological disorders, offering several advantages such as high ecological
validity, high acceptability, and increased control over variables [2, 3].
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Virtual reality environments are also increasingly used in the training of professio‐
nals, as they very effectively reproduce real-life settings without forcing students to deal
with situations for which they are not yet prepared. VR can grab the attention in a far
more immediate way than other kinds of media, drawing students inside educational
experiences that cannot be carried out using other techniques [4].

VR systems involve different graphical user interfaces for human–computer inter‐
action that vary according to the level of immersion required. The most basic level
involves exposure to virtual environments on computer screens, with peripheral input
devices (e.g., a keyboard or a computer mouse) used to interact with them. At the other
extreme are innovative and technologically advanced systems such as Head Mounted
Displays (HMD) which simulate binocularly overlapped images and create the illusion
of a three-dimensional world. VR provides trainees with simulations of real-life situa‐
tions in which they can learn by doing in a safe educational context, and allows trainers
to gradually increase the difficulty of the problems to be solved in the training tasks; this
facilitates the process of learning by guiding students towards their optimal performance.
The implementation of VR-based applications for training has always depended heavily
on the development of advanced technology, and so for a long time the development in
this area was limited by the cost of the equipment required. However, this scenario is
now changing, due to the expansion of VR in the field of consumer electronics; the
commercialization of VR systems among the general population is bringing down costs
and enhancing the development of user-friendly devices. Furthermore, for younger
generations the use of VR technology will be part of their everyday routine and the
technical difficulties will disappear [5].

In a previous study, we compared the usability of two low-cost VR systems which
offered different levels of immersion for training students in diagnostic interview skills,
by means of simulations of psychopathological examinations in patients with eating
disorders [6]. Previous research has shown these simulations to be more effective for
the training of differential diagnosis skills than traditional methods based on role-playing
[7]. No differences were found in usability in our earlier study between immersive and
non-immersive systems. Given the greater complexity and higher cost of immersive
systems, it was concluded that non-immersive systems are a promising VR alternative
for developing these skills in trainee professionals. In another study [8], in order to
establish whether individual differences such as gender should be taken into account in
the design of training systems of this kind, we compared the usability scores of male
and female students, finding significantly higher usability scores for men on several
items of the Software Usability Measurement Inventory (SUMI) [9].

In the present study, we explored the interaction between these two variables – level
of immersion and gender – in order to establish whether the differences in usability
between men and women are modulated by the level of immersion of the VR devices
used to perform the simulated interviews.
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2 Method

2.1 Participants

Seventy undergraduate students (44 women, 26 men) participated in the study. They
were randomly assigned to one of the two following conditions: differential diagnosis
skills training using the simulated interviews with an immersive system (Oculus Rift
DK2), or training using the simulated interviews with a non-immersive system (a ster‐
eoscopic computer screen) (Fig. 1). A restriction to the random assignation was that
each group had to have the same number of subjects (35); thus, if the previous participant
was assigned randomly to one condition, the following participant was assigned to the
other condition. One participant in the immersive condition was unable to complete the
simulated interview because of motor sickness (she reported mild nausea); another
participant in the non-immersive condition was not able to complete the simulated
interview because of a malfunction of the computer that could not be satisfactorily
repaired at that moment. Both participants who did not finish the experiment were
women. Finally, 68 participants (42 women, 26 men) completed the study.

Fig. 1. Oculus Rift DK2 (above), and Acer Aspire 5738DG laptop with stereoscopic display
(below)
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2.2 Instruments

The non-immersive virtual interviews were displayed on an Intel Pentium T4400 IV
(2.2 GHz, 800 MHz FSB) laptop with 4 GB RAM, ATI Mobility Radeo HD 4570
graphics card, and a 15.6 inch 3D monitor. Earphones and polarized glasses were used.
The immersive virtual interviews were displayed on an Oculus Rift VR HMD DK2
system. The Oculus provided immersive 3D virtual environments in a wide field of
vision (100°), OLED screens with a resolution of 960 × 1080 per eye with low head-
tracking latency (20 ms) and high refresh rate (75 Hz). Earphones were also used.

2.3 Procedure

In the virtual simulations (Fig. 2), learners conducted a clinical interview with different
Virtual Patients (VPs). Each VP presented a specific eating disorder. The objective of
the interviews was to obtain enough data to formulate a diagnosis. To do so, users
selected the most suitable question at each stage of the interview; the system informed
them how accurate their choice was, and the VP responded to their questions. At each
stage, users decided whether to continue asking questions or whether they had enough
information to formulate a diagnostic hypothesis. If they selected the correct diagnosis
at any given time during the interview, the system would only accept it if the VP had
been fully examined. When the simulation had been completed, students were asked to
evaluate the usability of the system. The mean duration of the virtual interview was
32 min (SD = 8 min).

Fig. 2. Virtual interview: The VP appears on the left-hand screen, while the question choices and
the diagnosis hypothesis are displayed on the right-hand screen.
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Usability was assessed with the Software Usability Measurement Inventory (SUMI).
Only the items on the inventory that are applicable to our software were considered for
data analysis:

2. I would recommend this software to my colleagues
3. The instructions and prompts are helpful
5. Learning to operate this software initially is full of problems
7. I enjoy my sessions with this software
12. Working with this software is satisfying
13. The way that system information is presented is clear and understandable
17. Working with this software is mentally stimulating
19. I feel in command of this software when I am using it
26. Tasks can be performed in a straightforward manner using this software
27. Using this software is frustrating
29. The speed of this software is fast enough
32. There have been times in using this software when I have felt quite tense
42. The software has a very attractive presentation
44. It is relatively easy to move from one part of a task to another
48. It is easy to see at a glance what the options are at each stage.

For each of the items on the SUMI, participants had to select one of three options: agree,
undecided, or disagree. To obtain an overall usability score, on items 2, 3, 7, 12, 13, 17, 19,
26, 29, 42, 44, and 48, positive answers (agree) scored 1 point, “undecided” answers scored
0 points, and negative answers (disagree) were assigned a score of −1. On items 5, 27 and
32, on the other hand, negative answers (disagree) were assigned a score of 1, positive
answers (agree) a score of −1, and “undecided” answers scored 0 points.

In order to analyse the influence of the level of immersion and gender on perform‐
ance, students in both groups were required to take an anorexia nervosa diagnostic
interview skills test comprising 50 written questions; the final score was calculated
taking into account the correct answers converted to a 10-point scale.

3 Results

The scores on the overall measure of usability were similar in the immersive and the non-
immersive systems (mean = 9.08, SD = 4.27 in the HMD group; and mean = 10.23,
SD = 2.52 in the stereoscopic screen group; F = 1.57, p = 0.21). However, men gave higher
usability scores than women (mean = 11.5, SD = 2.45 in men; and mean = 8.52, SD = 3.63
in women; F = 14.73, p < 0.001). The interaction between level of immersion and gender
was very near to reaching significance (F = 3.4; p = 0.07). As can be seen in Table 1, the
usability of immersive and non-immersive systems was almost the same for men, while
women gave significantly lower ratings for the usability of the immersive system.

The influence of gender and level of immersion on performance was analysed by
means of an ANOVA applied to a 2 × 2 between-subjects design (women/men, immer‐
sive/non-immersive system). Neither the principal effect nor the interaction between
factors was significant. The learning achievements of women and men after the VR
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simulation were quite similar (women’s mean on the performance test was 7.71,
SD = 1.61; men’s mean was 7.54, SD = 1.1; F = 0.23, p = 0.63). Nor did the level of
immersion of the simulation have an effect on learning (mean test score in the immersive
group was 7.67, SD = 1.32; mean test score in the non-immersive group was 7.62,
SD = 1.56; F = 0.01, p = 0.91). Women and men did not differ with regard to the level
of immersion of the system (the interaction between the variables was not significant
(F = 0.11, p = 0.73) (Table 2).

Table 2. Performance of women and men in immersive and non-immersive systems

Gender Immersion Mean
performance

SD N

Men HMD (Immersive) 7.5000 1.09193 14
Stereo screen (Non-immersive) 7.5833 1.16450 12
Total 7.5385 1.10384 26

Women HMD (Immersive) 7.8000 1.47256 20
Stereo screen (Non-immersive) 7.6364 1.76056 22
Total 7.7143 1.61224 42

Total HMD (Immersive) 7.6765 1.31933 34
Stereo screen (Non-immersive) 7.6176 1.55728 34
Total 7.6471 1.43272 68

The correlation between usability and performance was not significant, either in the
whole sample (r = −0.05, p = 0.68), or when segmenting the sample by gender (men:
r = −0.09, p = 0.67; women: r = −0.01, p = 0.94) indicating that performance was not
influenced by usability.

4 Discussion

As in previous studies [6], no overall differences in usability were found between
immersive and non-immersive systems; however, analysing the data separately for men

Table 1. Usability of immersive and non-immersive systems for women and men

Gender Immersion Mean
usability

SD N

Men HMD (Immersive) 11.7143 2.33464 14
Stereo screen (Non-immersive) 11.2500 2.66714 12
Total 11.5000 2.45357 26

Women HMD (Immersive) 7.2500 4.39946 20
Stereo screen (Non-immersive) 9.6818 2.31735 22
Total 8.5238 3.63746 42

Total HMD (Immersive) 9.0882 4.27372 34
Stereo screen (Non-immersive) 10.2353 2.52333 34
Total 9.6618 3.53072 68
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and women, women did present differences. The usability scores of both systems differed
little, but women considered the usability of the non-immersive system to be higher. As
in previous studies [8], women gave lower scores of usability than men on all the condi‐
tions, but the greatest difference was observed in the immersive system.

Future studies should explore the reasons for the differences in the usability of
immersive and non-immersive VR systems between men and women. Possibly, one of
those reasons could be a higher vulnerability in women to the adverse effects of some
VR systems such as simulator sickness, a form of motion sickness induced by VR envi‐
ronments. The signs and symptoms of motion sickness include cold sweating, pallor,
nausea and, in some cases, vomiting. Simulator sickness may also include other symp‐
toms such as disorientation, disturbances to balance, eyestrain, blurred vision, drowsi‐
ness and lack of coordination. This is one of the most notable concerns related with the
use of HMDs. In a study by Davis et al. [10], for example, also using Oculus Rift (the
DK1 version, not the DK2 version), eight out of 12 participants reported mild levels of
nausea, two moderate, and two high. In the same study, another condition produced even
worse motion sickness symptoms: all participants reported some degree of nausea, with
seven experiencing moderate levels and five high levels. Eight (66%) of the participants
were unable to complete the study.

In the DK2 version (used in our study), Oculus partially corrects this problem by
replacing the LCD screen with an OLED screen, thus achieving a higher refresh rate,
and by incorporating positional tracking. In any case, despite technical improvements,
the use of immersive devices such as HMDs is still associated with simulator sickness
in a larger proportion of people than other less immersive devices. This point should be
taken into consideration, especially when (as in our study) the use of these devices for
training purposes requires long periods of time, which increases the likelihood of simu‐
lator sickness or other similar sources of discomfort. Negative side effects of this kind
are extremely rare when the training is carried out using non-immersive devices such
as laptops or desktop computers with stereoscopic display.

In our study, only two participants were unable complete the experiment; in one of
the cases, a woman, this was due to simulator sickness. Thus it is possible that the lower
scores of usability recorded by women, especially in the immersive condition, were
related to mild forms of motion sickness. This hypothesis remains speculative because
no measure of motion sickness was used in our study; nonetheless, it is a well-established
fact that women are more susceptible than men to motion sickness in general and to
simulator sickness in particular. Studying seasickness among more than 20,000 passen‐
gers on ferries, Lawther and Griffin [11] found that the severity of seasickness symptoms
was greater in women than in men by a ratio of 5:3. A similar ratio was observed for
vomiting, which was more common among women (8.8%) than among men (5.0%).
Similar results have been obtained in land transportation [12–14] and in vehicle simu‐
lators [15]. Women are also more likely than men to experience motion sickness
resulting from wind-induced motion in skyscrapers [16]. The differences between men
and women in susceptibility to motion sickness extend to visual motion stimuli in the
absence of inertial displacement [17]. Specifically regarding simulator sickness, several
studies show that higher intensity symptoms are found in women [18–21].
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Taken together, these data suggest that the higher proneness to simulator sickness
in women may well be the cause of the lower scores of usability that they give to
immersive VR environments compared with men. This hypothesis should now be tested
in a replication of the present study, including measures of simulator sickness.

In any case, the results of this study reveal that gender differences must be taken into
account when using VR environments to train professionals (in our case, to train health
sciences students in diagnostic skills). Highly immersive devices may not always be the
best choice; in some cases they may offer significant advantages, but sometimes “less
is more” and lower levels of immersion can prevent the emergence of undesirable
secondary effects such as simulator sickness, even though this may mean having to forgo
some of the advantages of the immersive environments.

Virtual Reality simulations are engaging and facilitate comprehension by the means
of situating learning materials in a context. Learning in a VR environment can be more
effective and motivating than traditional classroom practices [22–24]. Some of these
advantages are associated with their degree of immersiveness, but the importance of
achieving a balance between these characteristics and the usability of the system must
be taken into account. Individual differences, including gender, appear to be an important
factor in appreciations of usability.
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