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Fig. 1: (A) Participant sitting in a chair while using the VR system during the metaphor elicitation interview (the participant’s face is
masked for privacy); (B), (C) and (D) show the participant’s view displayed on the monitor during the interview, highlighting various
spaces within the virtual environment: the living room, dining area and bedroom respectively.

Abstract—In consumer research, understanding consumer behavior and experiences is vital for making informed decisions about
product design, innovation and marketing. Zaltman’s Metaphor Elicitation Technique (ZMET) leverages metaphors and non-verbal
communication to uncover and gain deeper insights into consumers’ thoughts and emotions. This paper introduces a novel system
that enables consumer researchers (interviewers) to perform a modified version of metaphor elicitation interviews in virtual reality
(VR). Consumers (participants) use 3D objects in the virtual environment to express their thoughts and emotions, instead of pictures
conventionally used in a ZMET interview. The system features an asymmetric setup where the participant is immersed in VR using a
head-mounted display (HMD), while the interviewer views the participant’s perspective on a monitor. We discuss the technical and
design aspects of the VR system and present the results of a user study (N=17) that we conducted to validate the effectiveness of
performing the metaphor elicitation interviews in VR. This work also explores the experiences of both participants and interviewers
during the interview sessions, aiming to identify potential improvements. The qualitative and quantitative analysis of the data
demonstrated how immersion, presence and embodied interaction positively affect and aid in sense-making and deeper expression of
the participants’ thoughts, perspectives and emotions.

Index Terms—Human computer interaction (HCI), virtual reality (VR), collaborative virtual environments, asymmetric VR, VR
applications, embodied interaction, presence, immersion, perception and cognition, deep metaphors, consumer research, Zaltman’s
metaphor elicitation technique (ZMET).

1 INTRODUCTION

Zaltman’s Metaphor Elicitation Technique (ZMET) [49] is a consumer
research method that leverages both verbal and non-verbal communi-
cation to uncover deep metaphors related to consumer perspectives.
Conventional consumer research methods such as individual depth
interviews, surveys and polls rely heavily on verbal language [8, 24],
while thoughts often manifest as non-verbal mental images [18]. By
allowing consumers to express their thoughts and feelings non-verbally,
ZMET helps consumer researchers gain a more authentic understand-
ing of consumer perspectives, motivations and behaviors. Through
open-ended interviews, ZMET encourages participants to use imagery
(both visual and sensory) to describe their thoughts and feelings about
a particular product.

ZMET has been applied to understand consumers’ thoughts and feel-
ings about virtual reality (VR) experiences. In literature, it was used to
explore consumer perceptions and underlying significance associated
with VR tourism [22, 27] and analyze consumer experiences at VR

• All authors are with the University of Illinois Chicago.
E-mail: saipriyajyothula@gmail.com and ajohnson@uic.edu.

Manuscript received xx xxx. 201x; accepted xx xxx. 201x. Date of Publication
xx xxx. 201x; date of current version xx xxx. 201x. For information on
obtaining reprints of this article, please send e-mail to: reprints@ieee.org.
Digital Object Identifier: xx.xxxx/TVCG.201x.xxxxxxx

fashion shows [14]. These studies primarily focus on understanding
what consumers think of VR experiences. However, the nexus of VR
and ZMET presents a singular opportunity - the unique technological
affordances of VR such as embodied interaction, immersion, and pres-
ence can enhance the metaphor elicitation interview process. To our
knowledge, this research is the first to utilize 3D objects and spaces in
a VR environment as a medium for ZMET interviews, moving beyond
conventional images.

Our work aims to push the boundaries of human augmentics [16]
within consumer research. We build upon the interplay between the
physical and cognition, aiming to expand human cognitive and sensory
capabilities through VR. Specifically, we formulated the following
hypotheses (H1-H3) regarding the VR system:

H1. Immersion and presence of the VR system increase participant
engagement and lead to detailed and richer participants’ responses
in the interview.

H2. The VR system makes it easier to perform interview tasks such
as sense-making and searching.

H3. Embodied interaction provides context and promotes elicitation
of deep metaphors.

To inform our design, we consulted metaphor elicitation experts and
practitioners at Procter & Gamble (P&G), a multinational corporation
specializing in consumer goods. These preliminary discussions deep-



ened our understanding of current metaphor elicitation methods and the
challenges consumer researchers face. We sought ongoing feedback
from these experts throughout the design and implementation phases
to refine the VR system. Our innovative approach represents the first
full-scale exploratory study of VR in ZMET interviews for consumer
research, leveraging VR’s unique features to enhance the metaphor
elicitation process. The spatial characteristics of VR, combined with
embodied interaction with virtual objects, improve participants’ immer-
sion and presence, leading to greater emotional arousal and encouraging
diverse thought processes, resulting in richer responses during metaphor
elicitation interviews.

2 BACKGROUND AND RELATED WORK

Thoughts typically manifest as non-verbal images or metaphors [18], al-
lowing us to understand one thing in terms of another. These metaphors
connect a source domain to a target domain, serving as building blocks
for learning and communication. Furthermore, according to Dama-
sio [9], these mental images/metaphors are not just visual, but there
are also other sensory images (auditory, tactile, olfactory, and so on).
Additionally, embodied interactions1 play a key role in cognitive skill
acquisition [23, 35], as spatial and bodily actions influence our percep-
tion of the world.

2.1 Deep metaphors
According to Zaltman and Zaltman [50], there are three levels of
metaphorical thinking: surface metaphors, metaphor themes, and deep
metaphors. Surface metaphors are everyday expressions with obvious
meanings, like “life is full of ups and downs", where up signifies good
experiences and down signifies bad ones. Metaphor themes are broader
concepts underlying these expressions, such as the idea of life as a jour-
ney, reflected in phrases like “I have finally reached my goal" or “I am
at a crossroads." Deep metaphors are fundamental, abstract concepts
that shape our understanding of the world, often unconsciously. For
instance, the metaphor theme that life is a journey from the above ex-
amples reflects the deep metaphor of journey. Individuals may use deep
metaphors differently in various contexts, and multiple deep metaphors
can coexist in a situation. The seven most common deep metaphors
(balance, transformation, journey, container, connection, resource, and
control) represent about 70% of all deep metaphor usage. The complete
list of deep metaphors can be found in literature [13, 40].

2.2 Mental models
Stories explain the relationships between a person’s ideas (or constructs)
about a subject [15, 38], providing the reasoning behind consumer be-
havior and how one construct influences another. Mental models are
diagrammatic representations of these relationships [4]. They effec-
tively highlight which constructs or metaphors most impact consumer
behavior and how seemingly unrelated constructs affect consumption
experiences, underscoring the need for a research technique to map
consumers’ mental models.

2.3 Photo elicitation
Photo-elicitation methods incorporate photos into research interviews
to evoke emotional and rational memories [6]. Typically conducted
one-on-one, these interviews involve the interviewer asking partici-
pants to share their thoughts on a specific topic and select related
images. Participants then explain their thoughts using the chosen pic-
tures. Photo-elicitation was used in a wide variety of contexts ranging
from exploring how young adults feel about early paid jobs [33] and
perceive adult drinking [36] to men’s health research [30].

2.4 Zaltman’s Metaphor Elicitation Technique
ZMET is a research tool that builds on the foundation of photo-
elicitation. It uses metaphors and non-verbal communication to gen-
erate consumer constructs and map the mental models that drive con-
sumer behavior. In an open-ended interview, participants share deep

1Embodied interaction emphasizes the body’s relationship to its surround-
ings, highlighting how physical and social contexts shape human interactions
with technology.

Fig. 2: Illustration of the setup for ZMET.

metaphors related to a product using their own language and visual
imagery. First, participants are screened and recruited based on the
topic, then asked to collect relevant images to the topic. In a semi-
structured interview, they present these pictures, which helps them in
formulating their responses and expressing their thoughts and feelings
more effectively. Figure 2 shows the interview setup for ZMET.

According to Zaltman and Coulter [49], ZMET interview process
involves the following steps - participants share stories about selected
images related to the topic and discuss concepts they couldn’t visually
represent. They categorize the images, revealing common themes, and
compare them to identify constructs using the Kelly Repertory Grid
Technique2 and laddering3. Participants choose the most representative
image and an opposite one, describe non-visual sensory elements, and
the interviewer summarizes the constructs in a mental map. Finally,
participants create a collage or short video to express the key concepts.
Researchers analyze the interview transcripts to identify key constructs
and create a consensus map4. Insights from these maps and the story-
board/video are crucial for decision-making in product innovation and
marketing.

Initially developed for consumer research and marketing, ZMET
has been effectively applied in studies such as Christensen and Olson’s
mapping of mental models in mountain biking [5], Coulter’s exploration
of audience’s perceptions of Broadway experiences [7] and Ramjaun’s
insights into a charity’s brand [34]. Beyond consumer research, ZMET
has been used in diverse contexts - from examining people’s perceptions
regarding sustainability [26] to exploring the values influencing farmers’
business decisions [29].

3 PRELIMINARY RESEARCH

3.1 Preliminary expert opinion

This work is a collaboration with P&G. Before designing the virtual
environment for metaphor elicitation interviews, we conducted prelimi-
nary research by speaking with seven metaphor elicitation practitioners
and experts in total at two different company sites, located in the US
and the UK (N=7). The experts were from different teams, consisting
of 5 females and 2 males, aged between 35 and 64. The goal was
to understand current ZMET practices, challenges faced during inter-
views, and desired improvements. These insights provided the basis for
enhancing the metaphor elicitation technique in VR. Each conversation
lasted about 30-45 minutes, and we outline the key takeaways below:

• The wording of the laddering probes matters – It is crucial to
frame questions in a way that doesn’t prompt conscious reasoning
in the interview. For instance, ask “What were your thoughts in
this situation?” instead of “Why did you do that?”

2In Kelly Repertory Grid Technique, participants choose three pictures and
describe how two of them are similar while also highlighting their differences
from the third [15].

3Laddering technique uses thought probes or follow-up questions on elicited
constructs to uncover causal relationships between them.

4aggregated mental map showing common relationships between constructs
across all participants.



• ZMET expertise is required for the interviewer – Interviewers
must remain aware of the analysis occurring during discussions,
using the participant’s language and imagery without imposing
their views. They should summarize responses to ensure clarity,
and be mindful of the power dynamics to respect the participant’s
voice.

• Searching and clustering of pictures are challenging – Partic-
ipants face difficulties selecting and organizing pictures due to
the sheer number of options. To assist, interviewers may curate a
set of 40-70 images, but it is still challenging to locate relevant
images and cluster them meaningfully.

• Different versions of the same picture – Participants might
select images that relate to the topic, even if they aren’t precisely
what they envisioned. For example, one might choose a picture of
green mountains when a snow-capped mountain would be more
relevant. Offering options among different versions of a specific
image can lead to deeper descriptions and insights.

• Expanding the frame – Laddering probes may ask participants to
describe the picture and consider its surroundings, with follow-up
questions like “Are you in this picture?” This helps researchers
understand the context of participants’ mental models.

• Helpful to know other pictures that were considered – Know-
ing which pictures caught participants’ attention helps identify
their themes and interests, making it valuable to track their initial
selections before final choices.

• Recall issues– Participants choose pictures before discussing
them, which can lead to difficulty recalling their initial thoughts,
as they delay expressing their ideas until all images are selected.

3.2 Potential solutions by utilizing the affordances of VR
After reviewing the feedback from metaphor elicitation experts, the next
stage is to consider how to address the challenges that arise during the
interview process. We present potential solutions that overcome these
issues and improve the process by utilizing VR affordances (A1-A6)
below:
A1. 3D: VR’s three-dimensional nature aligns with how we naturally

perceive the world, making tasks like sense-making easier and
potentially eliciting elusive thoughts and emotions.

A2. Immersion and presence5: Immersive VR experiences en-
hance user engagement and emotional involvement [39], lead-
ing to greater emotional arousal and richer, more descriptive
responses [17, 41].

A3. Interaction: Allowing participants to interact with objects as
they would in real life may boost presence and improve their
responses.

A4. Head and hand tracking: Tracking where participants look
and what they interact with helps us understand their thought
processes before final choices.

A5. Dynamically changing object versions: Allowing the participant
to switch between different versions of the same object, helps
align visual stimuli closely with their mental images.

A6. Roles and social behaviors: Participants need to feel heard and
in control of the interview conversation. VR changes social dy-
namics [1,46] and promotes equality, reducing the power distance
between participant and the interviewer.

4 SYSTEM OVERVIEW AND IMPLEMENTATION

The prototype VR system is developed for the Meta Quest 2 headset
with Unity 6 editor version 2022.3.3f1, VRTK 7 and Oculus 8 SDKs.

5Presence refers to the perception of being physically present in the virtual
world that is rendered in VR.

6Unity, https://unity.com/
7VRTK, https://www.vrtk.io/
8Oculus SDK, https://developer.oculus.com/downloads/unity/

Fig. 3: Layout of the virtual home environment from the design sketches.

The 3D assets are created using Blender 9, and some of the models are
downloaded from Turbosquid 10 and used after modifications.

The first step in system implementation involves designing the virtual
environment and determining interaction and navigation methods. We
created a virtual home setting with both indoor and outdoor spaces to
ensure participants feel familiar with the layout.

To populate the virtual environment with suitable objects for the
user study, the metaphor elicitation experts conducted an online survey
with 40 real consumers to gather images relevant to a new topic. A
similar approach is commonly used in photo-elicitation studies to gather
relevant images for the topic [20]. Participants, screened based on their
household product use and topic relevance, submitted pictures related
to their thoughts and feelings, along with brief descriptions. This survey
yielded 132 images with explanations.

Next, we identified and grouped themes from these images to in-
form the virtual environment’s design. For example, images depicting
outdoor scenes could form an outdoor space in the VR world, com-
plete with mountains and a river. Insights from consumer feedback
and expert reviews helped refine these themes, sometimes revealing
alternative categorizations, such as separating images into winter and
summer themes.

Ultimately, we categorized the 132 images into 24 themes (each
containing 2 to 13 pictures) and 8 standalone images. Translating
these themes into virtual objects is complex; for instance, an image
representing “effort” could lead to the inclusion of dumbbells or a
treadmill in the VR environment. We used iterative feedback from
metaphor elicitation experts to ensure accurate representation, resulting
in over 200 objects in the virtual home and outdoor spaces with some
abstract themes represented as pictures on the walls. These objects are
placed in realistic positions, ensuring participants are familiar with the
layout for intuitive navigation. We also included furniture and fixtures
such as cabinets, couch, lights and so on to establish a coherent space
and layout.

It’s important to note that consumer interpretations of the same
images may differ; for example, an image might signify “effort” for
one person but “victory” for another. These varied responses enriched
our understanding of consumer perceptions, allowing us to uncover
insights that might otherwise be overlooked. The online survey served
as a foundation for the virtual environment while allowing participants
to interpret and select objects based on their unique perspectives.

Based on the set of objects, the virtual home features both indoor
and outdoor spaces, with summer and winter variations for the outdoors.
The open floor plan (shown in Figure 3) allows free movement, with a
floor-to-ceiling glass door enabling easy access between spaces. This
design encourages exploration while maintaining a clear distinction
between indoor and outdoor areas. In order to ensure that objects
remain distinct and prevent them from unintentionally blending into
their environment, factors such as object placement, color schemes
and textures are carefully considered with feedback from metaphor
elicitation experts throughout the design of the virtual environment.

The outdoor space can be instantly switched between summer and
winter using controls accessible to the interviewer. Figure 4 (A) and

9Blender, https://www.blender.org/
10Turbosquid, https://www.turbosquid.com/



Fig. 4: Areas in the virtual home environment (A) Exercise area, (B)
Outdoor space - summer and (C) Outdoor space - winter.

Figure 1 (B), (C) and (D) show the indoor spaces and Figure 4 (B),
(C) show the outdoor spaces in the virtual environment. The images
are from video recordings of the display screen during the study. They
are edited to remove the glare on the display screen from the video
recording without any further changes.

In the initial stages of system development, we considered adding
custom interactions or animations, such as lighting or music when
touching objects like a piano. However, the metaphor elicitation experts
advised that, given the lengthy nature of the interviews, these additions
could distract and overwhelm participants. As a result, interactions are
limited to picking up, moving, and positioning objects in the virtual
environment. The objects are physics-enabled, allowing for natural
movement and placement on flat surfaces, with interactions easily
performed using a button on the Quest 2 controller. Large furniture
such as the armchair or couch cannot be picked up, which was done to
maintain realism of the environment.

Participants can move in the space by pointing the controller in the
desired direction and using the joystick to navigate. They can choose
between two movement speeds at all times. Using both controllers
allows for faster movement, while using one controller results in slower
movement. This setup accommodates varying comfort levels, enabling
participants to select the speed that suits their needs as the study pro-
gresses.

5 EXPLORATORY USER STUDY

The user study was performed at P&G, with data collection approved
by the P&G Research Ethics Committee (REC). The data was subse-
quently shared with the researchers at the University of Illinois Chicago
(UIC) under a data sharing agreement, following approval by the UIC
Institutional Review Board (IRB) for IRB protocol #2024-0332.

The main goals of the user study are to (i) understand how different
characteristics of VR such as immersion and spatial nature affect the
participants’ responses in the metaphor elicitation process, and (ii)
understand how effective the VR system and its environment is in aiding
the expression of the participants’ thoughts and feelings. We also aim to
explore the experiences of both participants and interviewers during the
interview sessions, aiming to identify potential improvements. Since
ZMET expertise is essential for the interview process, the study sessions
were conducted by metaphor elicitation experts at P&G.

5.1 Hypotheses

We formulated the following hypotheses (H1-H3) pertaining to the
prototype VR system:

H1. Immersion and presence of the VR system increase participant
engagement and lead to detailed and richer participants’ responses
in the interview.

H2. The VR system makes it easier to perform interview tasks such
as sense-making and searching.

H3. Embodied interaction provides context and promotes elicitation
of deep metaphors.

5.2 Participants
17 participants (N=17) are recruited for the full-scale study out of the 40
participants from the online survey. Since the online survey already had
a screening process to ensure that the topic of interest is relevant to the
participants, no additional screening is performed. These participants
are consumers that are responsible for using and making decisions
regarding the product in their household. Among the 17 recruited, 16
were female and 1 was male, with ages ranging from 18 to 70 and a
mean age of 45.2 years (SD = 11.21). While the recruitment notice did
not specify a gender, the predominance of female participants reflects
the fact that the product is primarily used and decided upon by women.

5.3 Hardware and software specifications
In the user study, the VR application is deployed on a Meta Quest 2
headset [28] with Quest build version 60.0. The VR application is
deployed to the Quest 2 with a cable through Unity Editor version
2022.3.3f1 and Meta Quest Link. This way the application view is
directly visible through the PC. This tethering of the headset to the PC
with a cable ensures that the frame rate in VR is maintained consistently
by the PC due to its higher specifications. Wireless Quest mirroring
occasionally tends to be choppy and low quality, but the tethered con-
nection also addresses this by mirroring the participants’ view to the
PC with nearly no delay.

5.4 Method
This study falls under the category of exploratory research. The inter-
views are conducted individually, with one interviewer interviewing one
participant at a time. However, all the interviews were not performed
by the same interviewer, but instead, four metaphor elicitation experts
conducted the interviews with each expert performing a varying number
of interviews based on their availability. A total of 17 interviews were
conducted, and each interview session took approximately an hour to
complete.

The interviewers did not have prior experience with VR. We con-
ducted separate tutorial sessions with the interviewers to teach them
how to use the application. They also familiarized themselves with
navigation and picking up and interacting with objects beforehand so
that they could guide the participants during the interview sessions.

At the beginning of the interview session, the interviewer introduces
themselves and asks the participant to do the same. Then the interviewer
asks the participant to elaborate on their routine and product usage
context. Then the participant answers the pre-study questionnaire, and
the VR portion of the interview begins.

The Quest 2 headset is tethered to the PC with a cable, and the VR
application is directly deployed to the headset using the Unity Editor
on the PC and Meta Quest Link. The participant’s view is visible to
the interviewer through the PC and it is also mirrored on a big display
screen in the room. This setup enables the interviewer to take notes
with ease during the interview while also looking at the participant’s
view on the big screen, without being limited to the smaller PC screen.
Figure 5 shows the illustration of the setup for the full-scale study in
VR.

The VR portion of the study starts with the VR familiarization
session. In this familiarization session, the participant is asked to put
on the Quest 2 headset with the two hand controllers, one in each hand.
As soon as they put on the headset, the participant starts in the virtual
home environment. First, they are instructed on how to move in the
virtual environment using the joystick on their hand controller. Both
the joysticks on the controllers are mapped to the same functions, and
using both joysticks at the same time makes them move faster. For slow
movement, they could use just one controller.

After wearing the VR headset, participants are initially seated in
a swivel chair to prevent bumping into things in the real world. The
swivel chair allows the participant to turn and look around in VR
without leaving their seat. They are also given the option to stand up
and turn around to look in different directions if they prefer standing.
However, they are instructed to navigate in VR using only the controller
and not by physically moving in the room. The participants could opt
to sit in the chair or stand at any point throughout the interview. Figure



Fig. 5: Illustration of the setup for the full-scale user study in VR.

1 (A) shows a participant sitting in a chair while using the VR system
during the interview, with the image of the display screen Figure 1 (B)
showing the participant’s view on the right.

The interviewer also guides the participant how to navigate outdoors
through the glass door partition, which is initially set to winter season
by default. The interviewer then switches to summer to demonstrate
that the outdoor setting could be switched between winter and summer.
The participant is informed they can request a switch between the two
seasons at any point during their exploration of the virtual environment.

Once the participant becomes familiar with how to navigate in the
space, they are taught how to interact with objects. Objects can be
picked up by touching them with the controller and holding the grip
button on the controller. Releasing the grip button drops the object.
They are asked to pick up an object that’s nearby, move around while
holding it and place it on a flat surface. After the participant becomes
comfortable with navigation and interacting with objects in the virtual
environment, the interviewer then starts the metaphor elicitation process
by asking the participant to perform a task in VR.

For the VR task, the interviewer asks the participant to identify
spaces or objects or areas in the virtual environment that represent
their thoughts and feelings about the topic of interest. The participant
explores the virtual environment, and when they identify a relevant
object or space, they let the interviewer know. After this selection, the
participant explains how the selected object or space is related to their
thoughts and feelings about the topic of interest. Some participants
selected all the objects/spaces first before talking about the relevance of
each of them individually, while others selected a single object/space
and talked about it before moving on to the next one. When a participant
finishes talking about a selected object/space, the interviewer asks them
to summarize the conversation regarding the object/space with a word
or a phrase or a sentence, before moving on to the next one.

The entire conversation is guided by the interviewer by using the
Kelly Repertory Grid and laddering techniques that are mentioned
earlier. The interviewer also takes notes during the interview for ref-
erence. The participant is prompted to choose at least two relevant
objects/spaces, but the number of choices is not limited and they can
choose as many as they want beyond the first two choices.

The VR portion of the interview ends when the participant indicates
that they are unable to identify any more relevant objects/spaces in
the virtual environment. At this point, the participant is prompted to
take off the headset. The interviewer asks the participant if the virtual
environment is missing any objects/spaces that they wanted to talk
about and are relevant to their thoughts and feelings regarding the topic
of interest. The participant is prompted to elaborate if they mention any
missing objects/spaces.

The participants from this full-scale user study also participated
in the online survey a few months prior. The interviewer shows the
participant the set of pictures they selected in the online survey and
asks them if the pictures convey any additional thoughts and feelings
that they missed during the VR portion and prompts them to explain.
This exercise concludes the metaphor elicitation interview process in
the study. Finally, participants are asked to provide feedback on the VR

system and the interview process by responding to the post-study ques-
tionnaire. The interview process is modified from the steps of ZMET
discussed earlier to fit the needs of the topic of interest. The interview
has some modified steps such as summarizing the conversation for each
selected object or space, and in some cases, talking about the opposite
of a particular situation or feeling. However, steps of selecting the most
representative object or space and creating the summary image are not
performed in the study.

5.5 Data collection
The following data is collected during the study:

• Video and audio recordings: Each of the interview sessions is
video and audio recorded. These videos include the recording of
the room featuring the interviewer and participant, as well as the
video recordings of the display screen showing the participant’s
mirrored view.

• Pre-study questionnaire: The participants answer 4 questions
before the interview session. The questions are about prior VR
experience and how comfortable they feel using VR.

• Post-study questionnaire: The participants answer a few ques-
tions after the interview session. The questions are about the
participant’s experience during the study with both open-ended
questions and numerical ratings. The questionnaire includes 7-
point Likert scale questions that measure how easy or difficult the
interaction and navigation are for the participant while using the
VR system, comfort in VR, whether and how the VR system aided
in the expression of their thoughts and feelings, presence ques-
tions and open-ended questions about potential improvements and
other feedback. Some of the questions are adapted and modified
from the presence questionnaire in [45].

• Expert feedback: The interviewers’ feedback is collected after
each of the sessions about their thoughts on the interview as well
as the VR system.

6 RESULTS

Each interview session lasted approximately 50 to 70 mintues. The
stacked bar chart in Figure 6 shows the breakdown of the sessions
with time durations for different sections of the interview. The VR
task portion of the interview lasted between 22 to 43 minutes with
an average duration of 36 minutes. In the VR task, some participants
selected all the relevant virtual objects/spaces first before discussing
each of them individually, while others selected a single object/space
and talked about it before moving on to the next. With the exception
of participant 15 (referred to as P15 from now on), who experienced
motion sickness and ended the VR portion of the study prematurely,
all participants completed the VR task without any issues. However,
P15 selected 5 relevant virtual objects/spaces at the beginning of the
VR task, discussing 3 of them before discontinuing. To accommodate,
the interview was adapted, allowing P15 to discuss the remaining 2
objects/spaces while viewing screenshots of the selected objects/spaces
from the virtual environment on the big display screen in the room. Sub-
sequently, P15 completed the remaining steps, including comparison
with online survey pictures and post-study questionnaires. Each section
in the interview sessions concluded at the discretion of participants,
giving them the freedom to stop when they felt they had no further
thoughts and feelings to share. The duration of different sections in
the interviews primarily depends upon the extent to which participants
elaborate on the topic of interest, as well as the follow-up questions
posed by the interviewer. Therefore, analyzing the time durations did
not yield any other significant insights.

We performed thematic analysis [2] of the collected data, systemati-
cally organizing and categorizing the findings into various sections for
clarity and understanding.

6.1 Prior experience with VR
In the pre-study questionnaire, the participants were asked about their
prior experience and familiarity with VR. From Figure 7, all participants



Fig. 6: Stacked bar chart showing time durations for different sections of
the interview.

Fig. 7: Stacked bar chart showing participants’ prior VR experience and
familiarity. Left – Responses to the question “Have you heard about VR
before?", right – Responses to the question “How many times have you
used a VR headset before?".

have heard of VR technology to some extent, with only 2 participants
reporting to be extremely familiar with VR.

Despite most participants having limited or no hands-on experience
with VR headsets (5 indicated that they never used a VR headset, 6
indicated they used 1-2 times), there is a notable portion of participants
who have used VR headsets multiple times (2 indicated that they used
3-5 times, 4 indicated they used more than 10 times). This suggests a
mix of novice and more experienced users in the group which is also
shown in the right panel in Figure 7. All the participants are from
varied disciplines outside of Computer Science, and the participants
responded that their prior experiences with VR are from playing VR
games, watching 360 videos and 3D movies, and trying VR demos or
games at an arcade.

The majority of participants felt somewhat comfortable (9 partici-
pants) or extremely comfortable (3 participants) using the VR headset
before the interview session, indicating a generally positive attitude
towards VR as shown in Figure 8. There were 5 participants who were
neutral, with an absence of participants feeling not comfortable at all
or somewhat uncomfortable.

6.2 Immersion and presence
Overall, the participants consistently reported a high sense of immersion
and presence within the virtual environment. They expressed feeling

Fig. 8: Stacked bar chart showing participants’ comfort level with VR
before the study. This chart shows the responses to the question “How
comfortable do you feel using VR devices?".

like they were really there, and one participant remarked that the spatial
nature and being immersed in the environment supported an in-depth
exploration of their thoughts and feelings related to the subject matter
as well as relate to the interview questions on a deeper level –

“It (virtual environment) is a bit more immersive, and
you get more into it. And the pictures are just like flat.
I think the 3D and the immersion helps you to get more
into your thoughts and feelings about the (topic). I was
able to understand and answer all the questions you
were asking me because it’s so relatable in that world."

This sentiment was echoed by other participants who stated that the
virtual environment provided them with diverse ideas and perspectives
rather than relying solely on their own imagination or mental imagery –

“It (virtual environment) gives you ideas as you were
looking around the room that you wouldn’t necessarily
think of just kind of answering the question at the top
of your head. So it kind of leads you a little bit into
sort of a few different areas."

“I think visually looking at that (virtual space) while
I’m talking about it, trying to get thoughts and words
is really helpful than sitting in this room and trying to
come up with answers. It was helpful for the type of
questions that you were asking and to get in depth while
I was thinking of something, say, a flower. Actually
being there with the flowers or getting a feel for a
specific kind of environment is much better than me
trying to imagine it."

These comments also highlight that immersion and presence in the
virtual environment promoted a deeper level of thinking and helped the
participants come up with better responses.

The results from the post-study questionnaires indicate that a major-
ity of participants (15 out of 17) felt like they actually are in the virtual
environment (a rating of 5 or above), with 9 participants responding
that they completely felt like being there as shown in Figure 9. The par-
ticipants’ responses regarding the naturalness of their interactions with
the environment were largely positive, as evidenced by 11 participants
answering that their interactions were natural (a rating of 5 or above)
as shown in Figure 9.

However, the participants’ responses indicate room for improvement
with 6 participants rating their experience lower on the scale (a rating
of 4 or below). The reason for this observation became clear by looking
at the results of the thematic analysis of participant feedback. Mainly,
two factors contributed to this outcome:

(1) Navigation through objects: Several participants remarked that
their immersion was disrupted when they passed through objects
during navigation or going through glass to access outdoor areas.
They said that this did not seem natural to them.

(2) Body representation: One participant expressed that it was strange
for them when they couldn’t see their body within the virtual en-



Fig. 9: Stacked bar chart visualizing responses to presence questions
from the post-study questionnaire.

Table 1: Frequency of VR interactions for each participant.

Participant 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Frequency 5 0 1 8 0 5 1 0 0 1 0 0 0 0 0 1 3

vironment. Additionally, two other participants found it unnatural
to hear the interviewer without seeing them in VR.

Addressing (1) involves a trade-off between offering participants navi-
gation flexibility, allowing them to pass through objects, or constraining
them to maneuver around them for better immersion. Another way
would be to optimize the floor plan to be easier to navigate. To tackle
(2), it would prove beneficial to include representations of both the
participant and the interviewer within the virtual environment, even if
they are simplified.

6.3 Embodied interaction

When interacting with virtual objects, many participants reported a
sense of presence, stating that it made them feel as if they were actually
there, with some also commenting that interaction made them feel like
they are almost touching the object –

“I felt like I was there, especially with being able to go
in and out and pick the objects up.. I was able to walk
around, pick things up if I wanted to and I didn’t feel
like like there were any restrictions."

“I feel like when you are interacting with something, it
almost feels like you are touching it, like you can feel
something."

Additionally, two participants mentioned that they liked the physical
aspect of their interactions (embodied interaction) within the virtual en-
vironment, such as physically turning around in the chair to look around
in VR or using bodily actions to pick up virtual objects. Moreover, one
participant emphasized the naturalness of their interaction, noting their
initial expectation of using the controllers to look around. However,
they found it surprisingly intuitive, as they could simply move their
head to look around the virtual space. Adding to this, two participants
remarked that interacting with objects was helpful because it enabled
them to look at items from different perspectives as they explore and
talk about things.

However, looking at the the frequency of interactions (picking up
and moving objects) during the VR task reveals that not all participants
felt that interacting with objects is essential for the VR task. Out of
17 participants, 9 did not interact with virtual objects at all, while the
remaining 8 interacted with them at least once, with a maximum of 8
interactions per session (Table 1).

This variation in object interaction frequency among the participants
could be explained through participant feedback –

“Interaction helped, but not massively. I was really
engaged with the objects, I could see them but I didn’t
need to move anything. I was going on what the eye
could see rather than moving the objects."

Fig. 10: Stacked bar chart showing object interaction times during the
VR task. Note that the figure only identifies participants who interacted
with VR objects.

This suggests that while interacting with the virtual objects promotes
immersion and presence for some, importance of interaction may vary
among individuals. This could be attributed to different exploration
styles, varying levels of prior experiences with VR or individual per-
sonality traits. Further research exploring these factors in depth could
identify the specific types of interactions that enhance immersion and
presence for different user personas.

Additionally, looking at the object interaction duration and times-
tamps shows that they are spread out across different points in the inter-
view (Figure 10), with interactions ranging anywhere from 7 seconds
to a minute. Analyzing this data together with interview conversation
reveals an interesting insight – for all the interactions, the participants
interacted at the beginning of explanation for a selected object/space or
during the exploration phase to identify objects/spaces for selection.

This observation is further supported by a participant’s comment
highlighting how interaction aids in identifying the next object for
selection –

“I think it (interacting with objects) helped because..
You probably saw me early on just sort of going over to
the (area) and picking up the (objects) there. It makes
it a little bit more interesting to see these sorts of things
and try to interact with them because that was relevant
to finding the (next object) and it helped."

Together, these findings emphasize the significance of interaction in
supporting participants through the process of object selection, aiding
in the expression of their thoughts and feelings by allowing them to
view objects from different perspectives, and enhancing immersion and
presence within the virtual environment. Additionally, individual dif-
ferences influence the varying importance of object interaction among
participants. Further research could pinpoint specific interaction types
that improve immersion and presence for diverse user groups.

6.4 Focus and freedom of expression
Participants reported that being immersed in the virtual environment
helped them concentrate better on the space and their own emotions, as
they felt like they were isolated and had fewer distractions compared to
a physical room –

“It was easier to feel your feelings like, in that room
with nothing else. Even though I knew you were here,
there was nothing else to distract me visually."

“You are just in that space and you feel like you’re on
your own, it’s definitely more focusing with the space
and yourself and your feelings."

Participants also mentioned that not seeing the interviewers taking
notes during the interview led them to feel less self-conscious and
encouraged them to speak candidly about their thoughts and feelings.
The asymmetric nature of the interview setup helped with this dynamic:



• It allowed the interviewers to guide and pose relevant questions
to the participants throughout the interview by observing the par-
ticipants’ view from the mirrored display screen but also making
sure they are safe in the physical environment.

• It gave the participants a sense of seclusion which allowed them to
speak more freely and focus more on their thoughts and feelings.

• It gave the interviewers flexibility to observe and follow the par-
ticipants’ view while also not intruding on the participants’ im-
mersion.

• Interviewers could seamlessly take notes during the interview,
which is not possible if they were also immersed in the virtual
environment wearing a headset.

6.5 Sense-making and searching
All participants consistently responded in the post-study questionnaire
that they felt like the number of objects and spaces within the virtual
environment was just right to explain their thoughts and feelings. One
of the participants went on to explain –

“There was nothing missing and I didn’t find there was
anything I wanted more of. I think it had everything
that I needed. I thought it was really good."

Participants reported that they were not overwhelmed by the number
of objects and that they were able to explore and comprehend the
environment, enabling them to find relevant objects/spaces to select
easily. They also mentioned that the home environment was familiar
to explore and they felt like everything was where it is supposed to
be. The spatial nature of VR helped them perceive the environment
as a cohesive whole, establishing meaningful connections between
individual objects and providing valuable context. This demonstrates
the effectiveness of the VR system making the tasks sense-making and
searching easy to perform.

6.6 Expert feedback
Open-ended feedback from all four interviewers (metaphor elicitation
experts) was obtained after the interview sessions. This provided in-
sights about their thoughts on the interview process as well as the VR
system. We categorized the key takeaways into various sections and
summarize them below:

1. 3D vs 2D: The interviewers remarked that seeing the objects
and spaces in 3D, rather than merely seeing 2D pictures, was
beneficial for the participants. This allowed them to see the spaces
and objects from different angles and understand the features
and details of the objects better, evoking varied responses from
participants.

2. Immersion: The interviewers remarked that the virtual environ-
ment is more impactful and engaging to the participants when
they are immersed in it. This immersion helps the participants
to envision themselves within the space, which is essential for
the metaphor elicitation process. Immersion aids the participants
to perceive the space as a whole rather than seeing individual
objects. This enables the participants to identify relationships
between objects and connecting them to each other.

3. Focus: The interviewers commented that the participants focus
more on the activity in VR and connect better with their own
thoughts and feelings. In conventional ZMET interviews, partic-
ipants might be concerned by the interviewer’s note-taking and
visible reactions or expressions from interviewers, and feel like
they are being watched or studied. They don’t exactly know what
the interviewer is thinking, and this makes them more guarded
and inhibited in their response. During the VR activity, partic-
ipants cannot see the interviewer and this is helpful during the
interview session.

4. Facial expressions: In VR, the participants’ facial expressions
are not visible, and this poses a challenge as it is hard to gauge
the participants’ responses based on just verbal cues and gestures.

5. Curated metaphors: Since the participants are placed in a
highly curated environment which is based on pictures/metaphors
from the online survey, even though there is variation, it is hard to
understand to what extent these curated metaphors inadvertently
guide the participants in their conversation. It is unclear how many
times a metaphor appears naturally versus how many times it is
influenced by the already existing metaphors in the environment.

6. Participant personas: Interviewers mentioned that the partici-
pants in the interviews have varied personas, noting that while VR
may not significantly benefit individuals who can easily visualize
mental images, it can be especially advantageous for others who
have difficulty envisioning specific scenarios such as aphanta-
sics [51]. VR serves as a starting point, because it provides them
with a curated set of objects/spaces/themes to begin the exercise.
Being immersed in the environment with the visual stimuli and
feeling a sense of presence helps them access their thoughts and
feelings better.

7. Augmentation rather than replacement: While VR offers sev-
eral advantages for metaphor elicitation interviews, interviewers
commented that not all users are comfortable with VR, and that
the cost of VR is a barrier. Moreover they believed that VR is
most beneficial for participants with specific personas, suggesting
that it should augment rather than replace conventional ZMET
interviews.

8. Adding more virtual objects dynamically: Despite the metic-
ulous considerations given to creating and designing the virtual
environments, the participants are limited with the metaphors that
are represented in the virtual environment. Therefore, it would be
helpful to have the ability to dynamically introduce new virtual
objects into the environment based on the ongoing conversation.

It is important to note that having multiple interviewers/researchers in
a user study can introduce variability due to differences in interviewer
characteristics and interaction styles [31]. While using the same in-
terviewer for all interview sessions may provide more consistency, it
could also introduce systemic bias [11, 25]. To minimize these effects,
standardizing interview procedures and providing comprehensive inter-
viewer training are essential [10, 32]. The consumer researchers who
performed the user study were highly trained experts in performing
metaphor elicitation interviews, and the interview procedures were
consistently maintained across all participants to ensure the reliability
of the results.

7 CONCLUSION

The research presented in this paper highlights significant contribu-
tions from the exploratory user study, particularly in understanding
how 3D environments, immersion, presence, and embodied interaction
influence sense-making and the elicitation of thoughts and feelings.
Participants reported a strong sense of presence in the virtual environ-
ment, which facilitated deeper engagement with interview questions.
This heightened presence allowed them to connect more intimately
with their own emotions and thoughts, while the natural movements
involved in navigation further enhanced their experience of immersion.
The spatial nature of VR helped participants perceive the environment
as a cohesive whole, establishing meaningful connections between
individual objects and providing valuable context.

Interacting with objects within the virtual space played a crucial role
in enhancing participants’ sense of presence. This interaction not only
aided in exploring the environment but also guided participants in iden-
tifying the next objects or spaces for selection. By physically engaging
with objects—such as picking them up—participants gained diverse
perspectives and a more detailed understanding of their surroundings.
This interaction provided a foundation for their explorations, reducing
reliance on imagination alone. However, the significance of interaction
varied among individuals, influenced by personal traits and previous
VR experience. The familiarity of the virtual home environment, com-
bined with its spatial attributes, facilitated tasks related to exploration
and comprehension, ultimately making these processes more intuitive
and accessible.



The immersive virtual environment encouraged exploration on mo-
tor, sensory, and cognitive levels, allowing participants to experience
the world in novel ways and stimulating various cognitive processes.
Overall, this research underscores the potential of virtual reality to
deepen understanding and expression of complex thoughts and feelings,
highlighting its effectiveness as an effective tool for consumer research.

Drawing from the results, asymmetric interview setup facilitated a
beneficial dynamic, with the following advantages:

(1) The participants felt a sense of agency and equality during the
interview session, as they were not compelled to make selections.

(2) Participants felt a greater sense of ease, as the interviewers’ note-
taking and reactions are not visible to them, minimizing feelings
of being observed and leading to open expression of their thoughts
and emotions.

(3) The interviewer was able to simultaneously follow the partici-
pants view on the mirrored screen, pose relevant questions, and
take notes, all while ensuring participants’ safety – a impossible
scenario if the interviewer was also wearing a VR headset.

(4) Since the participant is the only person in VR, it promoted a sense
of seclusion in them, enhancing their ability to concentrate on the
subject matter.

However, there are a few limitations to the work outlined in this
paper. One of these is the absence of avatars in the virtual environment.
This can reduce the sense of presence and immersion in the virtual
environment due to the disconnect between the participants’ virtual
and physical selves [43]. This gap may also make it more challenging
for participants to accurately perceive their movements within the vir-
tual environment [21] which could make the experience less engaging
and impactful. Moreover, social behaviors, emotions and interactions
are influenced by the representation and personalization of avatars in
VR [12, 47, 48]. This lack of avatars represents a missed opportunity,
one that could be addressed in future iterations of this research. In-
corporating avatars for both the participant and the interviewer might
improve the overall experience in VR, with careful consideration given
to the design of the avatars [44].

Additionally, for some participants, passing through the glass doors
disrupted immersion, indicating that the navigation design could be
improved to create a more seamless experience. An effective solution
could use a set of open doors in the VR environment, allowing par-
ticipants to naturally pass through to go outdoors, and perceive the
outdoor space while they are indoors. Furthermore, the VR system
employed continuous joystick-based locomotion, which may cause
VR sickness for some participants [19, 42]. To address this, natural
walking could be used instead of joystick-based locomotion, if space
permits. Alternatively, a hybrid approach combining teleportation be-
tween different areas of the virtual environment and natural walking
within individual areas might help reduce the likelihood of VR sickness
due to locomotion [3, 37].

Participants noted difficulty recalling the correct button and con-
fusing between the grip and trigger button for picking up objects. To
alleviate this issue, both buttons could be mapped to the pick up action,
or a control scheme could be implemented that allows the participants
to choose their preferred button for the action.

This paper examined the effectiveness of HMD-based VR in en-
hancing the metaphor elicitation interview process. However, other
modalities like CAVE systems, AR HMDs, and mobile AR could also
be effective, depending on the specific topic of interest. Understanding
how the unique affordances of these modalities contribute to eliciting
deeper thought structures and feelings is extremely beneficial for de-
veloping systems that maximize the insights gleaned from consumers
within the limited time of the interview sessions. Furthermore, future
studies could compare the effectiveness of VR-based metaphor elicita-
tion with conventional ZMET, and analyze the differences in the types
of deep metaphors and themes identified through each technique.

While object interaction enhanced the sense of presence and realism
and aided in identifying new objects, its frequency varied significantly
among participants. While this might be attributed to varying levels

of comfort with VR and individual exploration styles, further research
is needed to identify the influencing factors and make meaningful
conclusions. In addition, it is crucial to investigate strategies that
not only promote initial interaction with the objects but also sustain
it throughout the experience. Additionally, it could also be useful
to identify other kinds of interactions that are engaging to different
participant personas. For instance, some people might prefer picking
up objects and looking at them from different angles while others might
prefer performing actions with them, such as clustering them together
or arranging them in the space.

Aligning visual stimuli with participants’ mental imagery is essential,
which could be achieved by offering multiple versions of the same
virtual object. However, the current VR system lacks this variability,
offering only limited seasonal changes (summer and winter) in the
outdoor space. Incorporating the ability to switch between different
versions of individual objects would be beneficial in assessing its impact
on response quality.

In our future research, we aim to develop guidelines for designing
and implementing systems for conducting metaphor elicitation inter-
views, drawing on the results of this study, as well as the usability and
user experience analysis of the VR system. Additionally, we also in-
tend to compare the number of themes identified from the initial online
survey with those from the VR study and analyze the differences in our
future work.
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