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Improved Memory Elicitation in Virtual Reality:
New Experimental Results and Insights

Joel Harman1, Ross Brown1, and Daniel Johnson1

1Queensland University of Technology (QUT),
Faculty of Electrical Engineering and Computer Science

Abstract. Eliciting accurate and complete knowledge from individuals
is a non-trivial challenge. In this paper, we present the evaluation of
a virtual-world based approach, informed by situated cognition theory,
which aims to assist with knowledge elicitation. In this approach, we
place users into 3D virtual worlds which represent real-world locations
and ask users to describe information related to tasks completed in those
locations. Through an empirical A/B evaluation of 62 users, we explore
the differences in recall ability and behaviour of those viewing the virtual
world via a virtual reality headset and those viewing the virtual world
on a monitor. Previous results suggest that the use of a virtual reality
headset was able to meaningfully improve memory recall ability within
the given scenario. In this study, we adjust experiment protocol to explore
the potential confounds of time taken and tool usability. After controlling
for these possible confounds, we once again found that those given a
virtual reality headset were able to recall more information about the
given task than those viewing the virtual world on a monitor.

1 Introduction

The ability to accurately gather knowledge is a non-trivial challenge with rele-
vance to a variety of domains [1]. Furthermore, if this information is not gathered
effectively, there is the potential for many complications to arise. For example,
when attempting to formalize business practices, working with incorrect or in-
complete information may lead to higher construction costs, longer development
times or poor-quality products [2].

Many approaches have previously been explored which aim to elicit informa-
tion from stakeholders [3]. These methods, however, usually produce a trade-off
between the quality of information gathered and the time required to do so [1].
For example, questionnaires can usually be administered easily, but often yield
inaccurate or incomplete information. Role-plays on the other hand, have been
shown to be an effective means of gathering accurate information [4], but are
used less often in a business setting [3]. It has been suggested that this may be
due to issues related to the potentially high setup costs and co-location issues
related to role-play [1]. Despite these issues, in this paper we will be considering
a modified role-play approach due to the benefits it affords when looking to elicit
accurate and complete information.



When performing a role-play, the individual steps in a task are usually ex-
ecuted in a specific sequence. The concept of memory chaining proposes that
we are able to recall a piece of information more effectively if we are already
thinking about the task it precedes [5]. This would suggest that even poten-
tially mundane tasks, which may be ignored in other elicitation approaches (e.g.
interviews), may initiate memory chains which could potentially yield relevant
information. Furthermore, the rich context afforded during an in-situ role-play
may also be sufficient in achieving a situated cognition response. Situated cog-
nition is the theory that all knowledge is, to some extent, tied to the situations
and contexts in which it was learned [6].

In our proposed approach, we look to leverage many of the benefits of a
standard role-play. Rather than conduct the role-play within the real world,
however, the session is instead conducted within a virtual environment closely
resembling the real world location. By doing this, we aim to achieve many of the
elicitation advantages associated with role-play, while mitigating many of the
common detractors. Specifically, this approach may be preferable when a real
world role-play would incur high setup costs, excessive risks, or have issues with
co-location. For example, when looking to role-play a complex task, it may be
difficult to arrange a time when all parties involved can be in the same location
concurrently, without disrupting existing work commitments.

This is the third in a series of related studies exploring the potential recall
benefits associated with proving situated context via a virtual world role-play.
In our first study [7], we found that when comparing recall ability of partic-
ipants provided with the virtual world stimuli and participants that weren’t,
participants given the stimuli were able to recall more information. In this first
study, we conjectured that the stimuli provided by the virtual world was able to
assist the users in recalling more information. Furthermore, we conjectured that
if a more immersive interface was used (e.g. a virtual reality headset), a larger
effect may potentially be observed. We later tested this theory in the second
study and compared the recall ability of participants provided with a virtual
reality headset with participants provided with a desktop display (monitor) [8].
The results of this experiment found that participants given the virtual reality
headset were able to recall more information, but the experiment did identify
some potential confounds which may have affected our results. In particular, we
found that there were significant differences in both time taken and usability.
Without further exploring these issues, we were unable to say with any degree
of certainty whether the observed recall results were meaningfully due to the
difference in viewing mechanism immersion, or some other secondary effect.

In the study presented in this paper, we aim to further explore this phe-
nomenon and clarify the potential effect of confounds we found in our prior
studies. In particular, we believe that the virtual world design and experiment
setup we chose to use in our prior studies may have been too difficult for novice
users, leading to issues with usability and subsequently affecting the time taken
by participants experiencing these issues. As the participants given the virtual
reality headset were using a new interface, we believe that this issue was more



pronounced within this group, leading to the differences in usability and time
taken between the two groups. In this study, we look to obtain insight into these
issues by making the task easier to learn, understand and execute for partici-
pants.

2 Situated Cognition and Virtual Worlds

Applying the concept of situated cognition within virtual worlds has been ex-
tensively explored in literature. When situated cognition was first proposed in
1989, it considered the concept of situated learning [9] to be a related concept
[6]. Situated learning postulates that students need to be taught information
within the contexts in which it will be applied.

Situated learning research has primarily considered virtual worlds for their
potential applications to distance learning [10]. The goal of these environments
is to place students within virtual classrooms, in order to better situate them
within an environment they associate with a student-teacher learning dynamic.
Some research even suggests that this approach may be an improvement over
typical distance-learning communication methods, such as conference calls [11].

Outside of the context of learning, there has been an absence of literature
which has explored the theory of situated cognition and the appropriateness of
virtual worlds for achieving the necessary degree of situated context. We found
one theoretical paper, however, which discusses the appropriateness of existing
measures, such as immersion, and their importance in achieving effective situated
cognition responses within virtual worlds [12]. Immersion, within the context of
this study, is the degree to which a person’s senses are engaged [13]. For example,
a movie with sound may be considered more immersive than one without, as it
engages the person’s sense of hearing. As this study discusses the potential for
assisting memory recall within virtual worlds via situated cognition, we have
decided to primarily explore whether differences in immersion may affect user
recall performance.

3 Research Questions

In this study, we have looked to explore how differences in viewing immersion
may affect participant behaviour and memory recall ability. This had led to the
formation of two distinct research questions:

- RQ1: How do changes in viewing immersion affect memory recall perfor-
mance of users when they are asked to describe information while role-
playing within a related virtual world?

- RQ2: How do changes in viewing immersion affect the behaviour of partici-
pants when they are asked to describe information while role-playing within
a related virtual world?



We have chosen to explore potential behavioural differences as our prior studies
have suggested that there may be a relationship between participant behaviour
and recall performance [8]. To examine the effect of this change in immersion,
we will be comparing a virtual reality setup, using an HMD, with a standard
desktop display. From the two above research questions, we have constructed
two main hypotheses after exploring existing theory within related literature.
The first hypothesis is:

- H1: Users asked to recall information while viewing a related virtual world
within an HMD will recall more information than those viewing the virtual
world on a desktop display.

In prior work, we found preliminary evidence to suggest that the context pro-
vided by a virtual world was able to assist participants with recalling information
[7]. We conjecture, however, that while the virtual world provided some benefit,
it did not, wholly, afford the necessary context to the user. Specifically, we believe
that the embodiment and immersion afforded to the user by virtual reality will
better situate the user and assist them in recalling more effectively. In addition
to recall improvements, we believe that the added embodiment and immersion
provided by the HMD will also result in certain behavioural changes between
the two groups. This has led to the formation of our second hypothesis:

- H2: Users provided with the HMD will be more exploratory in their approach
than those provided with the desktop display.

To better evaluate this hypothesis, we will be exploring two sub-hypotheses.
These are:

- H2(a): Users provided with the HMD will traverse a larger portion of the
virtual world than those provided with the desktop display.

- H2(b): Users provided with the HMD will adjust their view within the virtual
world more often than those provided with the desktop display.

While we do not necessarily believe that virtual reality innately makes a partic-
ipant more exploratory, we do believe that the interaction mechanisms it affords
makes it easier for participants to operate in a way in which they are familiar
and experienced. While this hypothesis was somewhat supported in our prior
experiments [7], we look to confirm that these effects remain present if the user
does not need to continually halt movement to enter descriptions of their actions.
Furthermore, we believe the evidence for increases in emotions [14], telepresence
and sexual presence [15] when using an HMD, rather than a desktop display, are
all examples of how users appear to behave more naturally within virtual reality.
We wish to understand if this more natural behaviour may lead to observable
increases in recall ability for the subjects.



4 Artefact Design

Virtual worlds are synthetic environments which provide users with an avatar
through which they can explore and interact with other users, or the environment
itself, to perform various tasks [16]. For this study, we have constructed a virtual
world which aims to be representative of a real world airport.

A common issue related to research within this area, however, is that the
virtual worlds can be difficult for participants to use when they are unfamiliar
with the features and have not been provided with extensive training within
the environment [17]. To mitigate this issue, we have developed a virtual world
specifically to explore this recall phenomenon.

The virtual world was developed using the Unity3D [18] game engine. The
environment was constructed using a mix of both constructed and prebuilt assets
available via the Unity 3D asset store. Furthermore, we have also looked at trying
to improve the usability of the virtual world in previous experiments [19] and
made modifications to improve usability where possible. We have endeavoured
to reconstruct the airport as best as possible. For this reason, we have included
both critical areas (check-in, security, boarding and the plane itself), and non-
critical areas (parking, shops, luggage collection and restrooms). Figure 1 shows
screen captures of the developed virtual world.

Fig. 1. Screen captures of the developed virtual world airport.

To navigate the virtual world, participants from both the HMD and desktop
display conditions were both given an Xbox 360 game controller. This controller
had two main functions:

- The left joystick controlled avatar movement.
- The right joystick controlled avatar view changes.

We chose to use a game controller for this study as it allowed both treat-
ment groups to use similar mechanisms for both navigating and viewing the
environment. It must be noted, however, that as a core component of the HMD
is to assist with adjusting avatar view, the HMD was still responsible for view
changes within this condition and the vertical view component of view change
was disabled on the controller joystick. Furthermore, both treatment groups



moved at the same constant speed and had the same turning speed when using
the controller.

Unlike all prior experiments we have conducted to explore this phenomenon,
the virtual world which was used in this experiment did not afford any interaction
mechanisms to the user. Previously, participants were required to first look at an
object or person within the virtual world, press a button to select the object and
then write down the actions that they would normally complete with the object.
While this approach greatly assisted in structuring the user responses, this did
also present issues regarding usability. In this experiment, participants instead
dictated all actions they would usually complete as they traversed through the
virtual world.

5 Experiment Procedure and Measures

Participants who agreed to participate in the study were invited into a lab. They
were then either presented with a 24 inch desktop monitor, or an HMD (Oculus
Rift DK2), determined by random assignment. In addition to this, they were also
provided with a game controller. A microphone was placed on the desk to record
everything the participant said throughout the experiment. A between-subject
design was chosen as we believed that participation in one treatment would
meaningfully affect participant performance in the subsequent treatment. Upon
entering the lab, participants read and signed the associated consent form and
answered a series of control questions (e.g., knowledge of the boarding process,
prior experience with virtual worlds). Following this, participants were placed
into a virtual building, where they were trained to both view and traverse the
environment. Participants were then instructed that for the experiment, they
would be role-playing the task of boarding an airplane within a virtual airport.
While doing this, participants were asked to verbally describe all the actions they
would normally take within the environment, being as detailed and specific as
possible. Participants were then placed into the airport to begin the experiment.
No explicit time limit was placed on participants during their role-play. After
participants were happy with their description of the task, they were asked to
complete questionnaires related to presence and tool usability.

5.1 Recall Measure

The recall measure is the main item of interest in this study. To measure recall,
we will be exploring the number of tasks described by participants within the
two groups. This task count was generated by transcribing the logs from each
session and manually assigning the phrases used by participants into individual
tasks. For example, if a participant said “I hand my check in information to
the boarding staff”, it would be counted as a single task. If the participant had
instead specified “I hand my check-in information and luggage to the boarding
staff”, however, this would instead be recorded as two different tasks (the giving
of the check-in information and the giving of the luggage). We chose to use this



approach as we emphasized to participants during the session that they should
aim to be as specific as possible when describing the actions that they would
need to take.

To provide further insight into this result, we will also be comparing the total
number of words used by participants in the two treatment groups. While this
is not necessarily a measure of recall performance, it does provide an objective
measure of how much the participants in both groups spoke. This may provide
some validation for our recall measure if the differences between the two groups
are similar (e.g. Group A described more than Group B because they spoke
more), or create interesting insights if the number of words spoken result is not
reflected in recall performance (e.g. Why did Group A describe less than Group
B, despite talking more? What were they saying?).

To ensure that both treatment groups had a similar understanding of the
task, participants were asked to both state the number of times they had been
on a plane in the last five years and to rate their subjective knowledge of the
airplane boarding task. As we did not prime participants with a description of the
task prior to the experiment, and each participant may have their own nuanced
personal approach for completing the task in the real world, we have opted
to not examine the results for correctness. We chose not to prime participants
as it provides a much more ecologically sound basis for the study. If we had
primed participants, it would not be measuring long-term memory ability, but
instead short-term memory of the description they were given. We have, however,
removed tasks from our first measure where the statement was immediately
identified as erroneous (e.g. the participant described the same task several times
in a row or backtracked to try and correct a mistake). Finally, it should be
noted that this task, while exploring recall ability, is technically measuring task
performance. We believe that this is valid, however, as memory tests often require
the participants to constrain the information they recall to the requirements of
a task (such as a quiz) (e.g. [20], [21]).

5.2 Exploration

We have chosen to examine how the users traversed the environment as we
believe that this may provide insight into the behavioural approach taken by
the participants. This is important as we believe differences in behaviour may
influence recall performance. In our prior study, we found that participants given
the HMD treatment explored a larger portion of the environment than those
given the desktop display [8]. To measure this, we once again split the virtual
environment into 216 5m x 5m segments (virtual world units were designed to
be approximately equivalent to real-world units). For this analysis, we compare
the average number of segments traversed by the two groups.

In our prior study, we found that participants given the HMD traversed more
of the environment than those given the desktop display. As the way the two
groups traversed the environment did not fundamentally change in this study,
we expect a similar result will be observed.



5.3 Change of View

We will be exploring change of view factors in order to better understand how
the two treatment groups examined the virtual environment. This paper was
primarily motivated by the concept that inserting a user into a situation with
the appropriate context would assist them in recalling information related to
that situation. For this to be an effective approach, however, the user must
view and understand this context. For this reason, we conjecture that, to some
degree, viewing more of the environment may result in participants recalling
more information about the task.

For this study, participants given the desktop display adjusted their view
entirely with the provided game controller, while participants given the HMD
adjusted their view with both the controller and the HMD. We will be considering
view change as the average change of vertical viewing angle per minute. We have
chosen to use only the vertical component of view change as the participants,
in addition to making horizontal view changes to examine the environment, also
adjust their view horizontally when they need to turn. This means that horizontal
view changes do not necessarily indicate that a user is looking to adjust their view
of their avatar specifically to view a different part of the environment. As vertical
view changes were exclusively performed in order to explore the environment,
we believe that this is the more accurate measure in this scenario. To measure
these view changes in both groups, we will be examining the rotation made by
the avatar, rather than the raw HMD tracking data. We have chosen to do this
as we wanted to keep this measure consistent between the two treatment groups.
Furthermore, the functions controlling avatar jitter automatically removed HMD
jitter, and should therefore more accurately reflect the intentional view changes
made by the users.

In our prior study, we found that participants given the HMD adjusted their
view more often than those given the desktop display. As the way the two groups
view the environment did not change in this study, we expect to see a similar
result in this study.

5.4 Time Taken

This time taken measure considers only the time taken from when the participant
begins describing the task to when they finalise their description. The time
taken for all other activities (e.g. questionnaire completion) is not included in
this measure. We have chosen to examine the time taken by both groups in the
virtual world as its relationship has remained uncertain in our prior experiments.
One existing study found that participants who described tasks faster tended to
perform better [22], but their approach did not provide the situated context
central to the approach presented in this paper. In our prior work, we found
that participants given the HMD both took longer to complete the task and
performed better. As we found no existing literature which explored a potential
link between the time spent viewing stimuli and recall performance, we were
unable to adequately determine whether the differences in recall performance



were due to differences in time taken between the two treatment groups, or due
to the levels of immersion provided by the associated interfaces.

In our prior paper, we present several reasons why participants given the
HMD may have taken longer to complete the task. For example, we identi-
fied that usability issues identified by participants given the HMD may have
accounted for this difference in time taken. The design of this study aims to
eliminate the differences in usability we found in our previous study by allow-
ing participants to describe information verbally, rather than interacting with
the world itself. For this reason, we will once again be examining time taken to
determine whether there remains a difference in time taken by the two groups,
despite the differences in experiment design.

5.5 Presence

Presence, as related to immersive virtual reality, is considered to be the concept
of transportation. People are considered present when they report a sensation
of being, to some degree, in the virtual world (e.g., you are there) [23]. We have
chosen to measure presence in this study as existing literature suggests there
may be a link between presence and recall performance [12]. In this study, we
will be administering the Witmer and Singer presence questionnaire [24]. This
questionnaire was chosen despite some criticism regarding its efficacy [25], as it
remains the most widely administered survey for measuring presence in virtual
worlds designed for non-game related activities.

In our prior study, we found inconclusive presence findings, with our quan-
titative results suggesting the HMD condition experienced lower presence while
our qualitative findings suggested they experienced higher presence. We conjec-
tured that this difference was due to the complexity of the task. Presence studies
usually involve very simple tasks, where usability is not likely to be an issue. As
this study aims to provide a much easier experience for the user to comprehend,
we hope that the presence findings obtained in this experiment will not suffer
from the inconsistencies encountered in our prior study.

5.6 Usability

We have chosen to measure usability as HMDs have been known to suffer from
challenges with usability among novice users [26]. If a user has difficulty using
the virtual environment, it may have ramifications on recall performance in
addition to other aspects of the session. We have measured usability with the
IBM usability satisfaction survey [27] as it remains a widely used measure for
usability of software systems.

Furthermore, we are particularly interested in examining whether there are
any usability differences between the two treatment groups as we found the
HMD condition to have considerably lower usability in our previous study [7].
In this experiment, we have chosen to use a much simpler system for gathering
information from participants, which we believe may mitigate this difference in
usability between the two groups.



6 Results

Participants in this study were randomly assigned to either the HMD or desktop
display conditions, with each condition having 31 participants. For comparing
between the two conditions, we will be using two-tail Students-t tests when the
data is both continuous and passes the Shapiro-Wilk W normality test (p <
0.05). If either of these conditions is not met, the two-tail Mann-Whitney U test
will be used instead.

The average age of the participants was 24.84 (SD = 5.02). No significant
difference was found between the age of those given the HMD and those given
the desktop display (p = 0.39). Perceived understanding of the airport boarding
scenario was quite high, with an average response of 5.40 (SD = 1.63) on a 7-
point Likert scale. No statistically significant difference was found in perceived
understanding between those given the HMD and those given the desktop display
(p = 0.41).

Given the exploratory nature of the research presented and the relatively
small sample size, we have not applied a Type I error correction (e.g., Bonfer-
roni) to our analysis. Instead, we have elected to provide effect size calculations
(Cohen’s d) for all readings to provide the reader with a sense of the magnitude
of all presented findings. Following Cohen (1992) [28], we treat all effect sizes be-
tween 0.2 and 0.5 as small, 0.5 and 0.8 as medium and greater than 0.8 as large.
Due to the increased possibility of a Type I error, the findings presented in this
study should be interpreted with a greater degree of caution. For consistency,
we have used existing conversion formulas to convert the r effect sizes calculated
for the Mann-Whitney U tests into comparable Cohen’s d values [29].

6.1 Recall

In this study, we were primarily interested in comparing the recall ability of
participants presented with the HMD and the desktop display. To evaluate H1,
we compared the average number of tasks specified by both treatment groups.
This test found that participants given the HMD were able to recall a larger
number of tasks (M = 10.50, SD = 2.48) than those given the desktop display
(M = 8.97, SD = 2.72, U = 327, z = 2.15, p < 0.05, d = 0.57).

To further explore this result, we also compared the average number of words
spoken by both treatment groups. This test found that participants given the
HMD spoke a larger number of words (M = 212, SD = 47.3) than those given
the desktop display (M = 189, SD = 20.2, U = 272, z = 2.93, p < 0.005, d =
0.80).

6.2 Exploration

To evaluate Hypothesis 2(a), we have compared the mean amount of the environ-
ment traversed by the two groups. Results from this test found that participants
given the HMD traversed a larger number of segments (M = 88.2, SD = 27.4)
than participants given the desktop display (M = 66.0, SD = 20.9, t(60) = 3.58,
p < 0.001, d = 0.91).



6.3 Change of View

To evaluate Hypothesis 2(b), we have measured the average amount participants
adjusted the vertical view of their avatar. Results from this test found that
participants given the HMD adjusted the vertical view of their avatar more
often per minute (M = 755, SD = 404) than those given the desktop display (M
= 198, SD = 71, t(60) = 7.56, p < 0.0001, d = 1.92).

6.4 Presence

Participants reported higher presence in the HMD condition (M = 5.18, SD =
0.42) than the desktop display condition (M = 4.83, SD = 0.53, U = 282, z =
2.79, p < 0.05, d = 0.76).

6.5 Usability

No statistically significant difference in usability was found between participants
given the HMD and participants given the desktop display (p = 0.16).

6.6 Time Taken

No statistically significant difference in time taken was found between partici-
pants given the HMD and participants given the desktop display (p = 0.09).

7 Discussion of Results

The primary aim of this study was to further confirm whether improvements
to interface immersion (specifically viewing immersion) may directly translate
into better long term episodic memory recall. This work has been motivated
by the continuing need to develop elicitation techniques which can effectively
gather knowledge from individuals. Accurately gathering knowledge is a core
component of many domains [1].

The results of this experiment supported our first hypothesis that partici-
pants given the HMD would be able to recall more information about the given
scenario than those given the desktop display. It must be noted, however, that
when asking participants to recall information, it is possible that we may have
been exposed to issues regarding cognitive load. Cognitive load refers to the to-
tal amount of mental effort being used with regards to working memory. For
example, if a task was to greatly tax working memory capability, it would be
considered high cognitive load. It is possible that while participants were expe-
riencing higher cognitive load at more complex parts of the task, they may have
become less focused on accurately articulating their thoughts verbally. This may
have inadvertently lowered the recall scores of participants in both treatment
groups, as they may not have been talking as much during the more complex



parts of their description. This is somewhat supported, as participants in our pre-
vious study did tend to recall more information when asked to write down their
knowledge of the task in a more structured manner. As both treatment groups
were asked to describe the same task, however, the two treatments should have
required similar levels of cognitive load. For this reason, we do not believe this
finding invalidates the observed results. While the observed recall findings do
suggest that the immersive system of virtual reality may be able to assist with
allowing users to better recall information, we have also explored several other
items of interest to better explain the observed result.

In addition to looking at memory performance, we have also explored be-
havioural differences between the two groups to determine whether any differ-
ences in behaviour may have also potentially affected recall performance. When
examining how the two groups traversed the environment, we found that par-
ticipants given the HMD explored more of the environment than those given
the desktop display (supported by a large effect size). When examining how the
two groups viewed the environment, we found that participants given the HMD
adjusted their view more often than those given the desktop display. As par-
ticipants given the HMD both traversed more of the environment and viewed
more of the environment, we believe these findings support H2(b) and indicate
that the participants given the HMD were more exploratory in their role-play
approach. While it is likely this difference in view change was due to the ease
at which the participants given the HMD were able to adjust their view to ex-
amine the environment, we do not believe that this diminishes the significance
of the finding. The ability to easily change view is a fundamental affordance
provided by the HMD. While we cannot say, with any degree of certainty, that
these differences did result in better recall performance, these findings do seem
to be consistent with existing literature which suggests that providing partic-
ipants with adequate levels of context is important to best achieve a situated
cognition effect [6].

No statistically significant difference in usability scores was found between
those given the HMD and those given the desktop display. While this result is
in no way conclusive, this suggests that the possible link between time taken
and recall performance may not be as significant as our previous experiment
suggested. This is an positive result, as one of the main reasons for running this
study was to eliminate, or at least partially mitigate, the difference in usability
between the two groups. Ensuring similar usability between the two treatments
reduces the chance that usability differences may have affected any of the other
results presented in this study.

In addition to usability, we also looked to explore any potential difference
in time taken between the two groups, as differences in time taken presented a
potential confound in our prior studies. In this experiment, we found no statisti-
cally significant difference in time taken between the HMD and desktop display
conditions.

Finally, participants given the HMD reported higher subjective presence
scores than those given the desktop display. These findings are consistent with



prior research [23], which discussed a possible link between presence and mem-
ory performance within virtual worlds. Due to the increased levels of presence
experienced by those given the HMD, we conjecture that the higher presence
provided by the immersive properties of the HMD interface may be responsible
for the improved recall ability. Further work will be required to better explore
this phenomenon and adequately identify the exact mechanism, or mechanisms,
facilitating better recall while immersed within virtual reality.

8 Synthesis from Overall Results

In this section, we will synthesise the findings discussed above with the data
gathered in our prior studies. By doing this, we aim to identify patterns across
different studies which may provide further insight into the overall approach.
Specifically, we will be looking at the outcomes of this study and two prior
studies to identify potential patterns and discuss possible reasons for differences
in results across each of these studies. To assist with this, Table 1 provides
a brief overview of the three experiments as well as a brief summary of the
pertinent results. As we will be discussing multiple studies in this section, we
will refer to the studies as they are numbered in Table 1, referring to the initial
study we conducted as Study One, our prior study which also investigated recall
differences between HMDs and desktop displays as Study Two and the study
which was presented in this paper as Study Three.

Study One provided the initial motivation for the approach which was subse-
quently explored in Study Two and Study Three. Study One provided evidence
that suggested the context provided by virtual worlds may assist in improving
recall ability. Due to the differences in experiment design between the first study
and the other two studies (e.g. differences in the virtual world visuals), we will
not be making direct comparisons between the results of the first study and
the results in the other two studies. We did feel that including this study in
Table 1 was warranted, however, as it provided the initial results which assisted
in designing the two subsequent studies. As both Study Two and Study Three
had many similarities, however, we will be primarily comparing the results of
these two studies and discussing potential causes for any differences in observed
results.

In both Study Two and Study Three, we found that participants given the
HMD were able to recall more information about the airport boarding task
than those given the desktop display. This provides further evidence that the
immersive qualities of the HMD were able to improve memory recall capabilities
of participants.

Furthermore, in both Study Two and Study Three we found that partici-
pants given the HMD were also more exploratory in their approach, choosing to
both traverse more of the environment and look at more of the environment. In
Study Two, however, we found significant differences in the traversal patterns
of the two groups. This was not the case in Study Three, whereby both groups
traversed all areas of the airport, despite the HMD group traversing more on



Table 1. Description and results summary for all related studies.

Study 1: No Context Compared with Virtual World Context [7]

This first study compared the recall ability of participants provided with a virtual
world (viewed on a desktop display) with participants provided with a 2D process
description environment. This study found:

- Participants given the virtual world recalled more information.
- Participants given the virtual world completed the task faster.

Study 2: HMD Compared with Desktop Display (Interactions) [19]

This second study compared the recall ability of participants provided with a vir-
tual world viewed on either an HMD or a desktop display (monitor). Participants
described information by interacting with objects and writing descriptions. This
study found:

- Participants given the HMD recalled more information.
- Participants given the HMD viewed and traversed more of the environment.
- Participants given the desktop display completed the task faster.
- Participants given the HMD reported lower subjective usability scores.
- Participants given the HMD reported lower subjective presence scores.

Study 3: HMD Compared with Desktop Display (No Interactions)

The third study also compared the recall ability of participants provided with a
virtual world viewed on either an HMD or a desktop display (monitor). Unlike in
the second study, however, the participants could not interact with objects in the
virtual world. Instead, users dictated the actions they would usually perform with
each of the items or people as they traversed the environment. This study found:

- Participants given the HMD recalled more information.
- Participants given the HMD viewed and traversed more of the environment.
- No significant difference was found in time taken between the two groups.
- No significant difference was found in usability between the two groups.
- Participants given the HMD reported higher subjective presence scores.

average. Furthermore, we found that both treatment groups traversed more of
the environment than in Study Two. This may be due to the removal of the
user interface, which forced users to stop moving and enter information into the
system intermittently.

In Study Three, we found no statistically significant differences in usability
between the HMD and desktop display conditions. While not conclusive, this
is a positive result, as the differences in usability identified previously in Study
Two put many of our observed results into question. Issues with usability can
manifest in a variety of ways and may have affected many, if not all of our results
in some way. By simplifying the experimental setup and user requirements for



this experiment, we have greatly mitigated any potential confounds posed by
usability.

In Study Three, we also found no statistically significant difference in time
taken between the HMD and desktop display conditions. Once again, this result
is contrary to what we found previously in Study Two. This difference in time
taken in our prior study was problematic, as we were unable to dismiss the possi-
bility that the observed recall differences were not due to the differences in time
viewing the given virtual world stimuli. This meant that it may not have been
the immersive qualities of virtual reality producing differences, as we discussed
in our research questions and hypothesis construction. In our prior experiment,
we conjectured that a major reason for the difference in time taken between
the two groups was due to the significantly lower usability scores reported by
those given the HMD. If the participants given the HMD were finding the virtual
world harder to use, it may mean that they would require longer to complete the
task. This suggests that the observed difference in recall ability between the two
treatment groups was likely a direct result of the way the two groups viewed the
environment, rather than simply the time they spent viewing the virtual world
stimuli.

Finally, Study Three found that participants given the HMD reported higher
subjective presence scores than those given the desktop display. In Study Two,
our presence findings were inconclusive. The subjective presence questionnaire
suggested people given the HMD experienced lower levels of presence, while the
semi-structured interviews suggested that they were experiencing higher levels
of presence. After reflecting on the usage of the presence survey, however, we be-
lieve that the task we provided to participants in Study Two was not well suited
to this particular questionnaire. After reviewing many of the papers which use
this particular survey, the tasks given to participants tended to be very simple
and contained a very unobtrusive user interface. In Study Two, however, the
participants had to use a variety of menus and object interactions to describe
their desired actions. We believe that these menus may have inadvertently af-
fected the user presence scores on the chosen survey. Despite this, however, we
have no way of knowing for certain which treatment group experienced greater
levels of presence in Study Two. In Study Three, however, we have removed
all menus from the task and the HMD subjective presence scores are now also
significantly higher than the desktop display scores.

We believe that the study described in this paper has meaningfully clarified
and explored the issues identified in our prior studies. Furthermore, this work
has provided further rigor to our prior results and provided further evidence of
a link between the added immersion provided by virtual reality and improved
recall performance.

9 Design Insights

As we have now constructed multiple virtual worlds with varying interfaces, we
believe it is prudent to discuss some of the insights we have gathered during the



development, testing and refinement of these environments. While there are nu-
merous design decisions made when looking to develop a virtual environment for
eliciting information, our work in this area has generated particularly beneficial
insights regarding how the virtual environments should be constructed and how
the information should be elicited from the user.

Despite significant advancements to the tools and resources available for
constructing these environments, the time required to accurately reconstruct
environments manually is still greatly prohibitive to the overall approach. The
environment used for this experiment was constructed in a matter of hours,
but further time may be required for more complex environments, especially if
objects within the environment needed to be created. Unless the virtual world
reconstruction had already been developed for other purposes (e.g. training sim-
ulations), it would likely still be easier to conduct real-world role-plays, rather
than manually attempt to reconstruct these environments. These environments
do not manually need to be constructed, however, and may instead be generated
via 3D scanning techniques (e.g. from a Matterport depth camera [30]). In our
experiments, we chose not to use this approach as we did not want user expe-
rience within the real-world airport we chose to scan to confound our results.
We have worked with these scanned environments, however, and we believe that
they provide a sufficient level of detail for this particular approach, while greatly
reducing the time required to generate these environments.

After working with both a structured approach (where participants manu-
ally entered their descriptions of individual tasks) and an unstructured approach
(where participants dictated their descriptions of tasks), we also believe that
providing some structure to the way in which participants provide their descrip-
tions of each task is beneficial. In the experiment described in this paper, we
believe that there may have been times where participants were role-playing the
tasks they wished to complete within the environment, but forgot that they also
needed to also describe their actions aloud. While this may have also occurred in
our previous experiments, we do not believe it was so pronounced. This may be
because participants given the structured approach believed they were construct-
ing a list of required tasks for later review, while those dictating their actions
believed they were describing their actions forthrightly. This is somewhat sup-
ported as many participants which described their actions using the structured
approach refined their descriptions over time, while those dictating their descrip-
tions were much less likely to make revisions. For these reasons, we believe that
a structured approach is preferable when attempting to elicit information. This
structure, however, may not necessarily have to be achieved by having partic-
ipants manually enter descriptions. For example, this may instead be achieved
by having the system only record while the user holds a button down. When
the user then releases the button, the system then stores the description and
allow the user to review and modify all of their prior recordings. Specifically, we
believe that the key difference between these two approaches is the ease in which
participants can review and revise their previous descriptions.



While we believe that these two areas are important when looking to develop
a virtual world for elicitation, considerable future work is required to adequately
explore the many design challenges associated with constructing a virtual world
for this purpose.

10 Conclusion and Future Work

In this study, we have continued to explore the potential of using a virtual
world role-play approach in order to assist in effectively eliciting knowledge. This
approach was motivated by the theory of situated cognition, which postulates
that by situating a user within a specific context, it becomes easier for them
to recall related information. This study aimed to solidify the results of prior
studies by exploring potential confounds related to usability, presence and time
taken.

The results from this study indicated that participants using the HMD both
described more tasks and spoke a larger number of words than those given the
desktop display. When comparing the behaviour of the two groups, we also found
that participants given the HMD also tended to traverse more of the environment
and modify their view more often (supported by large effect sizes). Unlike in
our prior study, no statistically significant difference in time taken or usability
was found between the two treatment groups. In addition to this, the HMD
condition reported higher presence than the desktop display condition. These
results supported our prior conjecture that the interaction mechanisms presented
by the virtual world in our previous experiment may have inadvertently affected
the observed results.

In this experiment, however, we were measuring performance based on the
dictation provided by participants. This does not necessarily adequately align
with the actual recall ability of participants. There is a possibility that the
areas of the task which would normally require high cognitive load may have
resulted in participants actively describing less. Future work will be required
to determine the effect that varying cognitive load may have on the ability
of participants to adequately describe their knowledge. Furthermore, as both
this study and prior studies used the same airport scenario, further research is
required to adequately explore whether the observed results may generalise into
other complex spatial scenarios, such as warehouse inventory management or
hospital medical processes.
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