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Figure 1: (a) Overview of the three interface prototypes designed and evaluated in this study, shown in order of user preference
(top-down). Each prototype consists of three elements representing each symptomdimension of VR sickness (nausea, disorien-
tation, and oculomotor), and employs distinct colors selected to be intuitive;and easily distinguishable. The labels shown at the
bottom correspond to the on-demand wording reference displayed when a button is pressed. (b) The preferred continuous
interface implemented in the VR sickness-inducing scene chosen for the study [56].

Abstract

Precise measurements of sickness symptoms induced during a vir-
tual reality (VR) experience are essential for evaluating VR systems
and developing designs oriented toward usability, safety and user
acceptance. However, VR sickness assessment typicallyaelies ei-
ther on discrete self-report questionnaires (which lack temporal
resolution, interrupt the experience, thus reducing immersion, and
provide coarse snapshots of symptom evolution) or on ebjective
signals obtained with biosensors, which typically require extensive
post-processing and interpretation. To addtessithese shortcomings,
we propose a continuous interface for real-time self-reporting of
VR sickness, designed following a human-centered methodology.
We design and evaluate three intetface prototypes that allow users
to report symptom intensitywhile remaining fully immersed in
the virtual scene. Our findings demonstrate that users significantly
prefer the continuous nature of our interfaces over the discrete Lik-
ert Scales of traditional questionnaires, identifying them as a more
intuitive and less«€ognitively demanding alternative. In addition,
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the study allows us to identify the most suitable design according to
user-centered criteria. Our contribution is an empirically evaluated
continuous interface for real-time VR sickness assessment.

CCS Concepts

« Human-centered computing — Interaction design; Interac-
tive systems and tools.

Keywords

Virtual Reality sickness, questionnaire, continuous real-time self-
report, interface, CSQ-VR, Human Centered Design

ACM Reference Format:

Maria Plaza, Carmen Real, Ana Serrano, and Diego Gutierrez. 2026. Design
and evaluation of a continuous interface for real-time self-reporting of VR
sickness. In Extended Abstracts of the 2026 CHI Conference on Human Factors
in Computing Systems (CHI EA °26), April 13—17, 2026, Barcelona, Spain. ACM,
New York, NY, USA, 6 pages. https://doi.org/10.1145/3772363.3798515

1 Introduction

Virtual Reality (VR) is increasingly used across entertainment, edu-
cation, training, healthcare, and industry, gradually becoming part
of everyday life. However, this growth is confronted with a signif-
icant challenge: adverse health effects resulting from immersive
systems, often referred to as “cybersickness.” The phenomenon is
described using other terms: motion sickness, simulator sickness, or
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Virtual Reality Induced Symptoms and Effects (VRISE) [11]. These
are related but not identical, differing mainly in their causes. Be-
cause our work addresses the broad issue of sickness experienced
during VR immersion, without restricting its specific origin, we use
the general term VR sickness throughout this paper [24].

Although extensive research has explored the origins of VR sick-
ness and developed numerous techniques to mitigate it [5], far
fewer innovations have emerged in how it is measured. Existing
approaches can be broadly classified into objective and subjective
methods [9]. Objective methods have lately expanded due to recent
advances in biosensors (e.g., Galvanic Skin Response, heart rate, eye
tracking), yet these signals are costly, technically demanding, and
difficult to interpret in real time. Conversely, subjective assessments
remain dominated by questionnaires and scales. These address the
three dimensions of VR sickness into which symptoms are typically
clustered: nausea (for symptoms related to stomach awareness, in-
creased salivation, burping), disorientation (for symptoms related
to dizziness, vertigo), and oculomotor (for symptoms related to
eyestrain, difficulty focusing, blurred vision, headache) [14, 25, 29].
Questionnaires and scales are usually applied before and after the
VR experience, thus failing to capture the temporal evolution of
the symptoms. Alternatively, they may also be applied halfway
through, requiring the users to take out their head-mounted dis-
plays (HMD) thereby disrupting immersion. Real-time information
of VR sickness could support not only retrospective evaluation of
experience designs, but also the development of user-centered adap-
tive immersive systems in which scenes respond dynamically to the
users’ current symptoms. This gap highlights the need for immer-
sive self-report tools capable of monitoring symptoms continuously
throughout the VR session.

Recent research has proposed embedding questionnaires or scales
directly inside the VR environment [29, 36, 40], developing tools
that facilitate less intrusive and more frequent data collection
[26, 31, 41, 49]. However, these approaches either still rely on dis-
crete measures, or fail to capture all three dimensions of VR sickness
and therefore, do not provide a comprehensive method for ¢ontinu-
ous self-report of VR sickness during immersion.

Continuous self-reporting, on the other hand, offers the possibil-
ity of a more intuitive and cognitively less demanding interaction
with a graphical interface [47], and has been explored in other areas
of Human-Computer Interaction (HCI). Existing methods can be
classified into four types: "Linear models", which encode inten-
sity along a single axis, typically using a bar-like representation
[4, 13, 16, 19, 49]; "Circle models’ywhere the diameter of a circle
or halo reflects the magnitude of the signal [50-53, 55]; "Rotary
models" which feature rotary or angular indicators reminiscent of
kitchen knobs or automotiverspeedometers, and are often operated
via dial style controllers{1, 10330]; and "Quadrant-based models",
which map data onto'atwo=dimensional Cartesian plane, typically
representing arousal andwalence [2, 12, 18, 20, 32, 4346, 48, 54].

In this work, we investigate the question of how to design a
continuous interface for real-time self-reporting of VR sickness,
comparable with current validated questionnaires but without dis-
rupting immersion. Inspired by the approaches of other areas in
HCIL and following a user-centered design methodology [17, 34, 42],
we developed three design principles (see Section 2) that served
as heuristics to narrow down the design space and guide us to
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design three different interface prototypes. This allows us to vali-
date the feasibility of continuous VR sickness self-reporting, while
also identifying which of the three designs works best according
to user-centered evaluation criteria. Our findings show that users
significantly prefer the fluid nature of our continuous real-time
reporting over discrete alternatives, finding it more intuitive and
less cognitively demanding, while also reducing disruption.

2 Design Principles

We take into account three main design principles, which will guide
the placement, behavior, and feedback logic of our interface.

P1. Design for a good VR experience. Rebelo et al. [38] de-
fined the i3 VR user-experience triangle: immersion, interaction,
and imagination. Regarding immersion, and since ourfinterface;will
be used inside the VR environment, it must remain visible without
becoming distracting. To support interaction, all its'elements must
offer a comfortable, predictable, and consistent behavior, maintain-
ing a unified logic to reduce cognitive effort and prevent errors.
Last, to support imagination, the interface should add as little men-
tal workload as possible, so that uSers'can direct their attentional
resources and engagement towards the virtual environment itself.

P2. Design for Universal Access and Human-Centered In-
teraction guidelines. Our interface should follow established
Human-Centered Interaction,guidelines, for which we turn to Jer-
ald’s book on Human-Centered Design for Virtual Reality [24].
It should also follow Norman’s foundational usability principles
[33]. Together, theseiguidelines allow us to enable universal access,
comfortable even under varying levels of VR sickness. The spe-
cific visual, functional, and interaction decisions informed by these
principles are detailed in the following sections.

P3. Design for a ground truth. Lastly, the effectiveness of
our interface must be comparable to well-established VR sickness
questionnaires, without breaking immersion. The Simulator Sick-
ness Questionnaire (SSQ) [25] has been widely used in VR research.
However, it was developed as an adaptation of the earlier Motion
Sickness Questionnaire (MSQ) [37], and does not entirely match
the phenomenology of VR-induced symptoms [39]. In response to
these limitations, instead, the shorter Cybersickness in VR Ques-
tionnaire (CSQ-VR) (based on 7-point Likert Scale) was explicitly
developed and validated within immersive VR contexts [15, 28, 29].
We thus select CSQ-VR as ground-truth questionnaire to evaluate
our proposal.

Conclusion. Based on these principles, we narrow down the
design space of our interface by focusing on three of the four types
identified in the Introduction: Linear, Circle, and Rotary models.
We discard the fourth option, Quadrant-based models, since VR
sickness does not map meaningfully onto two-axis spaces.

3 Interface Adaptations

We make the following adaptations to the three remaining types of
interfaces, to accommodate for the particular case of VR sickness.

Visual design. We design three interfaces, inspired by existing
continuous self-reporting techniques: Bars (derived from Linear
models and implemented as vertical bars), Halos (based on the
Circle family), and Dials (a semicircular gauge implemented as an
adaptation of the Rotary model). Each prototype consists of three
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distinct elements, allowing users to independently report the three
symptom dimensions of VR sickness: nausea, disorientation, and
oculomotor. These interfaces are shown in Fig. 1(a).

Semantic layer. By default, no textual labels are displayed; in-
stead, we assign a distinct icon to convey each symptom, minimizing
visual load and supporting rapid recognition [1, 6, 7, 46, 48, 50].
When needed, users can activate an on-demand wording reference
by pressing a button, temporarily showing a brief label describing
each of the three symptom dimensions. We use Atkinsons Hyper-
legible, a typeface recommended by the Braille Institute for visually
impaired users [35].

Visual encoding. We assign a discriminable color to each symp-
tom [22], chosen to remain distinguishable even under color-blindness
conditions (HEX values: yellow-green #A2C523 for nausea; soft
blue #3FA7D6 for disorientation; violet #6A1B9A for oculomotor).
We use low-saturation tones, subtle shadows, and controlled trans-
parency to reduce visual fatigue and support divided attention,
allowing the interface to remain perceptible without competing
with the virtual scene [21].

Functional design. All interface elements are head locked
within the ergonomic field of view, positioned in a lower centered
location for constant visibility. Interaction is performed via the
HMD controller: users point at a symptom element, select it using
the trigger, and adjust the intensity using the joystick (chosen for its
return spring mechanisms, which allow users to sense the neutral
position without visual confirmation, again reducing cognitive load
[2, 39]). Interface feedback includes audiovisual cues: a brief sound
plus white highlight when hovering, red highlight during selection
via the trigger.

4 Evaluating the design

Prior to the formal study, we conducted several feedback pilot
rounds with three HCI researchers. The formal study was reviewed
by our institute’s regional ethics committee. The within-subjects
design involved three sessions on separate days, one for each inter-
face design in random order, to mitigate potential memory issues.
Before participation, all individuals reviewed and signed the in-
formed consent form and received instructions about the study’s
objectives and procedure. The study was divided'in three phases:
Questionnaires; VR experience; and Feedback.In the first phase,
participants completed an online questionnaire collecting demo-
graphics, their past experience with immersive eénvironments, as
well as the Visually Induced Motion Sickness Susceptibility Ques-
tionnaire (VIMSSQ) [27] to assessdtheir predisposition to sickness
and their current state. Next, participants sat in a non-rotating chair
with armrests, since studies indicate that standing induces more
VR sickness compared to a ‘seated posture [3, 57], and received
instructions on how to put omand calibrate the Varjo XR-4 HMD
and controller. At the beginning of the second phase, participants
spent the first five minutes in a training scene, designed to help
them familiafize with VR, learn how to interact with the inter-
face, and understand the three VR symptom dimensions and their
mapping tothe on*demand wording reference (see supplementary
matefial S:1 fof a description of the training scene). After that, the
actualtest.begins. Participants were asked to annotate their symp-
toms using the given interface while immersed in the Cybersicker
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amusement ride scene (see Fig. 1 (b)), which was selected because
it was specifically designed to study induced effects of VR sickness
[56]. This lasted ten minutes, since cybersickness symptoms are
typically noticed within this timeframe [11, 23]. We modified the
motion speed and acceleration of the scene to elicit varying lev-
els of discomfort and capture dynamic symptom fluctuations (see
S.2 of the supplementary material for a description of the speed
modification in the scene). All scene parameters, together with the
user’s current symptoms intensities, are continuously logged to
enable the subsequent evaluation of the three interfaces designs. To
minimize external factors, no music was played during this phase
[28]. Participants verbally answered the CSQ-VR at the beginning,
middle and at the end of the experience [49], but without removing
the HMD or introducing additional on-screen interaction. They
could stop the experiment at any time.

Once the experience was over, the HMD and controller were
taken off, and participants completed the third phase by answering
the System Usability Scale (SUS) [8] for/both the interface used
and the 7-point Likert Scale CSQ-VR, followed by a brief, semi-
structured interview to collect qualitative feedback and identify
potential interface improvements. Intotal, the duration was ap-
proximately 45 minutes on.day one, and 25 minutes on days two
and three, since less training was required. After testing the three
interfaces, participants ranked them during the interview.

4.1 Results

We evaluate the propesed interfaces according to three main objec-
tives:

01..Ground truth agreement: Assessing whether continuous
interfaces are comparable to the CSQ-VR questionnaire used as
ground truth. O2. Temporal sensitivity: Examining if the pro-
posed interfaces capture the continuous evolution of symptoms
better than discrete traditional questionnaires. O3. User experi-
ence comparison: Identifying which of the three designs (Bars,
Halos or Dials) achieves better usability, acceptance, and comfort.

A total of 25 participants (average age = 27.12, M = 15, F = 10) took
part. Of these, 56% reported frequent prior use of VR, 40% reported
limited prior experience (less than 5 uses), and 4% reported no
prior VR exposure. One participant had cochlear implants due to
hearing impairment, and two participants reported color-blindness.
We analyze data collected from the CSQ-VR questionnaire, the
continuous interface, and the interviews to evaluate the proposed
designs.

O1. Ground truth agreement. To evaluate the accuracy of VR
sickness estimates provided by our interfaces, we computed the
mean absolute error (MAE) between interface-based measurements
and the scores obtained from the standardized CSQ-VR, adminis-
tered at three discrete time points. Fig. 2 (left) summarizes MAE re-
sults across the three interfaces (MAE values range from 0 to 1, with
lower values indicating closer agreement with the reference mea-
sure). Normality assumptions were mildly violated (Shapiro-Wilk
test on within-subject residuals, p = .024); therefore, we report non-
parametric analyses. A Friedman test (y%(2) = 3.44, p = .18) did not
reveal significant differences in MAE across interface conditions.
Post-hoc pairwise comparisons confirmed the absence of meaning-
ful differences between interfaces. Overall, all interface conditions
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Figure 2: Distribution of the Mean Absolute Error of the proposed interfaces with respect to the CSQ-VR questionnaire
(left), Information Rate (center), and the detected Number of changes (right). Horizontal lines denote the median, and dots
correspond to individual participants. All interfaces show comparable performance across metrics, with nosstatistically
significant differences between them. MAE values indicate comparable agreement with the CSQ-VR across interfacess Both
Information Rate and Number of changes are substantially higher for the interactive interfaces than for the(CSQ-VR baseline
(IR ~ 107! and at most two changes, as the questionnaire is administered three times), reflecting their.ability to capture

continuous user input.

yielded low estimation errors, confirming good agreement with the
standardized questionnaire.

02. Temporal sensitivity. To characterize how efficiently par-
ticipants conveyed information through the proposed interfaces, we
computed the Information Rate (IR), which measures the amount
of information conveyed per unit time. It is computed as the sum of
changes in the reported signal across consecutive samples, normal-
ized by the total elapsed time between samples. Higher IR values
indicate more frequent and/or larger user adjustments (more effi-
cient information transmission). In addition to IR, we also quantified
the Number of changes in the signal (i.e., adjustments exceeding a
threshold) during the task, as a more direct measure of how often
participants updated the interface.

Fig. 2 shows IR (center) and the Number of changes (right) across
interface conditions. Normality was strongly violated for bothIR
and Number of changes (Shapiro-Wilk tests on within-sabject
residuals, p < 0.001 and p = 0.004, respectively), motivating anon-
parametric analysis. Friedman tests did not reveal afstatistically
significant effect of interface condition for either metric (IR: ¥2(2) =
3.29, p = 0.19; Number of changes: )(2(2) = 3.48, p= 0.18). While un-
corrected post-hoc comparisons suggested trend-leveldifferences
(IR: Halos vs. Bars, p = 0.075; Number of changes: Halos vs. Dials, p
=0.049), none of these effects survived Holm correction for multiple
comparisons. Notably, the IR associated with the standardized ques-
tionnaire (on the order of 2x 10™*)was substantially lower than that
of all interface conditions, andithe questionnaire can yield at most
two detectable changes. This is expected, as the questionnaire cap-
tures user input at onlysthree discrete points in time, whereas the
interactive interfaces.enable continuous information transmission
throughout the task (see Fig. 3).

03. User experience comparison. SUS questionnaire results
indicate that'the Bars interface achieved the highest usability score,

followedby Dials,while CSQ-VR received the lowest rating (Bars=90.4;

Dials=88.8; Halos=86.1; CSQ-VR=74.5). Interestingly, ranking data
obtained from the interviews identified the Dials interface as the

participants’ favorite (Dials=63; Bars=50; Halos=37). Finally, com-
fort ratings on a 7-point Likert scale followed the same trend, fa-
voring Dials and Bars over the Halos interface. This confirms the
preference of continuous interfaces over discrete questionnaires.

5 Conclusions and limitations

Our work is a stepitowards the development of continuous real-time
tools for assessingdmmersive sickness during VR experiences, with-
out intreducing disruption. Our quantitative analyses show that all
of out three interactive interfaces achieve comparable performance
infterms of estimation accuracy and information transmission, offer-
ingSimilarly reliable and efficient sickness measurements, with all
of them being superior to commonly-used standard questionnaires.

Together with the subjective reports (see the qualitative feedback
from semi-structured interviews in S.4 of supplementary material),
our results indicate that the Dials interface offers the best overall
balance between usability, comfort, and user preference, with Bars
representing a close alternative. Moreover, participants further re-
ported that interaction with interface did not disrupt their sense
of presence or immersion and was perceived as less intrusive than
interrupting the experience to complete questionnaires. The stan-
dardized questionnaire, by contrast, was consistently rated lower
and exhibited substantially lower information rates. This supports
our hypothesis that continuous real-time self-report enables richer
characterization of symptom dynamics (see Fig. 3) than discrete
questionnaire-based assessments, which are inherently limited to
sparse time points.

Our work is not free from limitations; as with other similar
studies, a more diverse set of scenes should be analyzed, to study
how well our conclusions generalize. For these analyses, our work
does provide a tested methodology. Future work could also include
other immersive techniques such as AR or MR. Moreover, we have
recorded physiological measurements (e.g. Galvanic Skin Response,
eye tracking, head movement), which we plan to analyze to com-
plement subjective assessments and explore objective-subjective
relationships as well as investigate potential temporal lag between
symptom recognition and reporting.
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Figure 3: Two representative examples of individual time-series showing VR sickness intensity over time recorded with the
continuous interface (green) and the CSQ-VR questionnaire (red). The VR sickness estimates of both' distributions greatly
differ when they do not overlap, corroborating the ability of the continuous interfaces to capture substantially more temporal
variation of VR sickness than the CSQ-VR, which only provides sparse measurements at discrete time points. Whenever
they overlap, both estimates show the similar tendency, supporting the comparability of the interfaces with the standardized
questionnaire. Additional examples are provided in S.3 in the supplementary material.

In summary, real-time monitoring of sickness may unlock a
particularly promising research direction: the adaptation of the
stimulus intensity (such as speed or acceleration in a VR scene)
based on real-time symptom reports, with the goal of providing
a more pleasant experience adapted to each particular user. In
addition, we hope that our work helps other researchers, providing
a tested means to collect detailed temporal characterization of VR
sickness while providing new opportunities for evaluating and
designing safer and more comfortable immersive experiences.

Acknowledgments

This work was supported by the Government of Aragon’s Departa<
mento de Educacion, Ciencia y Universidades through thé project
HUMAN-VR: Development of a Computational Model for Virtual
Reality Perception (PROY_T25_24); by grant PID2022-141539NB-
100, funded by MICIU/AEI/10.13039/501100011033 and by ERDF, EU;
and funded by the European Union (ERC grant number/101220555,
PROXIE). Views and opinions expressed ate however those of the
author(s) only and do not necessarily reflect those of the European
Union or the European Research Council Executive Agency. Nei-
ther the European Union nor the granting authority can be held
responsible for them.

References

[1] Md Istiak Jaman Ami, Jason W. Woodworth, and Christoph W. Borst. 2024. Design
of Time-Continuou$ Rating Interfaces for Collecting Empathic Responses in VR,
and Initial Evaluation with,VR180 Video Viewing. In Proceedings of the IEEE
Conference onVirtual Reality and 3D User Interfaces Abstracts and Workshops.
Institute of Electrical and Electronics Engineers Inc., Orlando, FL, USA, 1041-1042.
doi:10.1409/VRW62533.2024.00317
Jossifn Antony, Karan Sharma, Claudio Castellini, Egon L. Van Den Broek, and
Christoph Borst. 2014. Continuous affect state annotation using a joystick-
based userinterface. In Measuring Behaviour. Noldus Information Technology,
Wageningen, The Netherlands, 525-530. doi:10.13140/2.1.2507.3929
[3] Benjamin Arcioni, Stephen Palmisano, Deborah Apthorp, and Juno Kim. 2019.
Postural stability predicts the likelihood of cybersickness in active HMD-based

[2

4

[5

[11

[12

[13

[14

[15

[16

]

]

]

virtual reality. Displays 58 (2019),3=11. doi:10.1016/j.displa.2018.07.001 Special
Issue: Visually Induced Motion Sensations.

Alberto Betella and PaulF. M. J. Verschure. 2016. The affective slider: A digital
self-assessment scale for the measurement of human emotions. PLoS ONE 11
(February 2016), 1-11alssue 2. doi:10.1371/journal.pone.0148037

Nilotpal Biswas, Anamitra Mukherjee, and Samit Bhattacharya. 2024. “Are you
feelingssick?” - A systematic literature review of cybersickness in virtual reality.
Comput. Surveys 56, 11 (November 2024), 1-38. doi:10.1145/3670008

Joost Broekens and Willem Paul Brinkman. 2009. Affectbutton: Towards a stan-
dard for dynamic affective user feedback. In 2009 3rd international conference
on affective computing and intelligent interaction and workshops. IEEE, Ams-
terdam, Netherlands, 1-8.

Joost Broekens and Willem Paul Brinkman. 2013. AffectButton: A method for
reliable and valid affective self-report. International Journal of Human Computer
Studies 71 (2013), 641-667. Issue 6. doi:10.1016/j.ijhcs.2013.02.003

John Brooke. 1996. SUS - A quick and dirty usability scale. Usability evaluation
in industry 189, 194 (1996), 4-7.

Eunhee Chang, Hyun Taek Kim, and Byounghyun Yoo. 2020. Virtual Real-
ity Sickness: A Review of Causes and Measurements. International Journal of
Human-Computer Interaction 36, 17 (October 2020), 1658-1682. doi:10.1080/
10447318.2020.1778351

Andrea Clerico, Cindy Chamberland, Mark Parent, Pierre-Emmanuel Michon, Se-
bastien Tremblay, and Tiago H. Falk. 2016. Biometrics and classifier fusion to pre-
dict the fun-factor in video gaming. In 2016 IEEE Conference on Computational
Intelligence and Games (CIG). IEEE, Santorini, Greece, 1-8.

Sue V. G. Cobb, Sarah Nichols, Amanda Ramsey, and John R. Wilson. 1999. Virtual
reality-induced symptoms and effects (VRISE). Presence 8, 2 (April 1999), 169-186.
doi:10.1162/105474699566152

Roddy Cowie, Ellen Douglas-Cowie, Susie Savvidou, Edelle McMahon, Martin
Sawey, and Marc Schroder. 2000. Feeltrace: An instrument for recording per-
ceived emotion in real time. In Proceedings of the ISCA Workshop on Speech
and Emotion, Vol. 1. ISCA, Newcastle, Northern Ireland, UK, 19-24.

Roddy Cowie, Martin Sawey, Cian Doherty, Javier Jaimovich, Cavan Fyans, and
Paul Stapleton. 2013. Gtrace: General trace program compatible with emo-
tionml. In 2013 Humaine Association Conference on Affective Computing and
Intelligent Interaction. IEEE, Geneva, Switzerland, 709-710.

Simon Davis, Keith Nesbitt, and Eugene Nalivaiko. 2014. A systematic re-
view of cybersickness. In Proceedings of the 2014 conference on interactive
entertainment. Association for Computing Machinery, New York, US, 1-9.

Luis Eudave and Martin Martinez. 2025. To VR or not to VR: Assessing cybersick-
ness in navigational tasks at different levels of immersion. Frontiers in Virtual
Reality 6 (2025), 13 pages. doi:10.3389/frvir.2025.1518735

Kirill Fayn, Steven Willemsen, R. Muralikrishnan, Bilquis Castafio Manias, Win-
fried Menninghaus, and Wolff Schlotz. 2022. Full throttle: Demonstrating the
speed, accuracy, and validity of a new method for continuous two-dimensional




CHI EA 26, April 13-17, 2026, Barcelona, Spain

self-report and annotation. Behavior Research Methods 54 (2022), 350-364.
doi:10.3758/s13428-021-01616- 3/Published

International Organization for Standardization. 2019. ISO 9241-210:2019 Er-
gonomics of human-system interaction — Part 210: Human-centred design for
interactive systems. International Standard.

Antonin Fourcade, Francesca Malandrone, Lucy Roellecke, Anthony Ciston,
Jeroen de Mooij, Arno Villringer, Sara Carletto, and Michael Gaebler. 2025. Af-
fectTracker: real-time continuous rating of affective experience in immersive
virtual reality. Frontiers in Virtual Reality 6 (2025), 73 pages. doi:10.3389/frvir.
2025.1567854

Jeffrey M. Girard. 2014. CARMA: Software for continuous affect rating and media
annotation. Journal of Open Research Software 2, 1 (2014), e5.

Jeffrey M. Girard and Aidan G. C. Wright. 2018. DARMA: Software for dual axis
rating and media annotation. Behavior research methods 50, 3 (2018), 902-909.
Beverly L. Harrison, Kim J. Vicente, and William A. S. Buxton. 1995. Trans-
parent Layered User Interfaces: An Evaluation of a Display Design to Enhance
Focused and Divided Attention. In Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems. ACM Press/Addison-Wesley Publishing
Co., Denver, Colorado, USA, 317-324. doi:10.1145/223904.223945

Eva Heller. 2012. Psicologia del color: cémo actian los colores sobre los
sentimientos y la razén. Editorial GG, Barcelona, Spain.

Angelica Jasper, Nicholas Cone, Chase Meusel, Michael Curtis, Michael C. Dorne-
ich, and Stephen B. Gilbert. 2020. Visually induced motion sickness susceptibility
and recovery based on four mitigation techniques. Frontiers in Virtual Reality 1
(2020), 16 pages. doi:10.3389/frvir.2020.582108

Jason Jerald. 2015. The VR book: Human-centered design for virtual reality.
Morgan & Claypool, San Rafael, US.

Robert S. Kennedy, Norman E. Lane, Kevin S. Berbaum, and Michael G. Lilienthal.
1993. Simulator Sickness Questionnaire: An Enhanced Method for Quantifying
Simulator Sickness. The International Journal of Aviation Psychology 3 (1993),
203-220. Issue 3. doi:10.1207/s15327108ijap0303_3

Behrang Keshavarz and Heiko Hecht. 2011. Validating an Efficient Method to
Quantify Motion Sickness. Human Factors 53, 4 (2011), 415-426. doi:10.1177/
0018720811403736 PMID: 21901938.

Behrang Keshavarz, Brandy Murovec, Niroshica Mohanathas, and John Gold-
ing. 2021. The Visually Induced Motion Sickness Susceptibility Question-
naire (VIMSSQ): Estimating Individual Susceptibility to Motion Sickness-Like
Symptoms When Using Visual Devices. Human Factors: The Journal of the
Human Factors and Ergonomics Society 65 (April 2021), 1 pages. doi:10.1177/
00187208211008687

Panagiotis Kourtesis, Rayaan Amir, Josie Linnell, Ferran Argelaguet, and Sarah E.
MacPherson. 2023. Cybersickness, Cognition, & Motor Skills: The Effects of
Music, Gender, and Gaming Experience. IEEE Transactions on Visualization
and Computer Graphics 29 (5 2023), 2326-2336. Issue 5. doi:10.1109/TVCG.2023.
3247062

Panagiotis Kourtesis, Josie Linnell, Rayaan Amir, Ferran Argelaguet, and Sarah E.
MacPherson. 2023. Cybersickness in virtual reality questionnaire (CSQ-VR): A
validation and comparison against SSQ and VRSQ. Virtual Worlds 2, 1 (2023),
16-35. doi:10.3390/virtualworlds2010002

Phil Lopes, Georgios N. Yannakakis, and Antonios Liapis. 2017. Ranktrace:Rela-
tive and unbounded affect annotation. In 2017 Seventh International Conference
on Affective Computing and Intelligent Interaction (ACII). IEEE; Institute of Elec-
trical and Electronics Engineers Inc., San Antonio, USA, 158-163.

Natalie McHugh, Sungchul Jung, Simon Hoermann, and Robert W: Lindeman.
2019. Investigating a Physical Dial as a Measurement Tool for Cybersickness in
Virtual Reality. In Proceedings of the 25th ACM Symposiumon'Virtual Reality
Software and Technology (Parramatta, NSW, Australia)(VRST "19). Association
for Computing Machinery, New York, NY, USA, Article' 32, 5 pages. doi:10.1145/
3359996.3364259

Frederik Nagel, Reinhard Kopiez, Oliver Grewe, and Eckart Altenmiiller. 2007.
EMuJoy: Software for continuous measurement of perceived emotions in music.
Behavior Research Methods 39, 2.(2007), 283-290.

Don Norman. 2013. The design of everyday things: Revised and expanded edition.
Basic books, London, UK.

Donald A. Norman. 2013..The Design of Everyday Things (revised and expanded
ed.). Basic Books, New York, US.

Braille Institute of America. 2019. Atkinson Hyperlegible Typeface. https:
//brailleinstitute.org/freefont.

Susanne PutzegDmitry Alexandrovsky, Felix Putze, Sebastian Hoffner, Jan David
Smeddinckg'and Rainer Malaka. 2020. Breaking the experience: Effects of ques-
tionnaires in VR user studies. In Proceedings of the 2020 CHI Conference on
Human Factors in Computing Systems. Association for Computing Machinery,
Honolulu, US, 1-15.

James T. Reason and Joseph John Brand. 1975. Motion sickness. Academic press,
London; New York.

Francisco'Rebelo, Paulo Noriega, Emilia Duarte, and Marcelo Soares. 2012. Using
virtual reality to assess user experience. Human Factors 54 (12 2012), 964-982.
Issue 6. doi:10.1177/0018720812465006

Maria Plaza, Carmen Real, Ana Serrano, and Diego Gutierrez

[39] LisaRebenitsch and Charles Owen. 2016. Review on cybersickness in applications

and visual displays. Virtual Reality 20, 2 (June 2016), 101-125. doi:10.1007/s10055-
016-0285-9

Georg Regal, Jan-Niklas Voigt-Antons, Steven Schmidt, Johann Schrammel, Tanja
Koji¢, Manfred Tscheligi, and Sebastian Méller. 2019. Questionnaires embedded
in virtual environments: reliability and positioning of rating scales in virtual
environments. Quality and User Experience 4, 1 (2019), 5.

Rose Rouhani. 2024. Trackling VR sickness: A novel benchmark system for assessing contributir

Ph.D. Dissertation. Simon Fraser University School of Interactive Arts and
Technology Faculty of Communication, Art and Technology.

Elizabeth Salinas, Rony Cueva, and Freddy Paz. 2020. A systematic review of user-
centered design techniques. In International Conference on Human-Computer
Interaction. Springer, Springer-Verlag, Copenhagen, Denmark, 253-267. doi:10.
1007/978-3-030-49713-2_18

Emery Schubert. 1999. Measuring emotion continuously: Validity and reliability
of the two-dimensional emotion-space. Australian Journal of Psychoelogy 51
(1999), 154-165. Issue 3. doi:10.1080/00049539908255353

Karan Sharma, Claudio Castellini, Freek Stulp, and Egon L. Van Den Broek. 2020.
Continuous, Real-Time Emotion Annotation: A Novel Joystick-Based Analysis
Framework. IEEE Transactions on Affective Computing 11 (1°2020), 78—84. Issue
1. doi:10.1109/TAFFC.2017.2772882

Catherine Stevens, Kim Vincs, and Emery Schubert. 2009. Measuring audience
response on-line: An evaluation of the portable audience response facility (pARF).
In Second International Conference on Music Communication Science. HCSNet,
Sydney, Australia, 4 pages.

Alexander Toet, Fabienne Heijn, Anne Matie Brouwer, Tina Mioch, and Jan B.F.
van Erp. 2020. An Immersive Self-Report Tool for the Affective Appraisal of 360°
VR Videos. Frontiers in Virtual Reality 1(9 2020), 16 pages. doi:10.3389/frvir.
2020.552587

Alexander Toet, Fabienne Heijn; Anne-Marie Brouwer, Tina Mioch, and Jan B. F.
van Erp. 2020. An immersive self-reporttool for the affective appraisal of 360°
VR videos. Frontiers in Virtual Reality,1(2020), 552587.

Alexander Toet, Daisuke KanekoyShota Ushiama, Sofie Hoving, Inge de Kruijf,
Anne Marie Brouwer, Victor Kallen, and Jan B.F. van Erp. 2018. EmojiGrid: A
2D pictorial scale for the assessment of food elicited emotions. Frontiers in
Psychology 9(Nevember 2018), 21 pages. doi:10.3389/fpsyg.2018.02396

Elliott Wen, Tharindu Indrajith Kaluarachchi, Shamane Siriwardhana, Vanessa
Tang, Mark Billinghurst, Robert W. Lindeman, Richard Yao, James Lin, and
Suranga Nanayakkara. 2022. VRhook: A Data Collection Tool for VR Motion
Sickness Research. In Proceedings of the 35th Annual ACM Symposium on User
Interface Software and Technology. Association for Computing Machinery, Inc,
Bend, US,9 pages. doi:10.1145/3526113.3545656

Jason W. Woodworth and Christoph W. Borst. 2024. Study of Interfaces for
Time-Continuous Emotion Reporting and the Relationship Between Interface
and Reported Emotion. In Proceedings of the IEEE International Symposium on
Mixed and Augmented Reality ISMAR). Institute of Electrical and Electronics
Engineers Inc., Bellevue, USA, 884-892. doi:10.1109/ISMAR62088.2024.00104
Tong Xue, Abdallah El Ali, and Tianyi Zhang. 2021. Rcea-360vr: Real-time,
continuous emotion annotation in 360 VR videos for collecting precise viewport-
dependent ground truth labels. In Proceedings of the Conference on Human
Factors in Computing Systems. Association for Computing Machinery, Yoko-
hama, Japan, 15 pages. doi:10.1145/3411764.3445487

Tong Xue, Abdallah El Ali, Tianyi Zhang, Gangyi Ding, and Pablo Cesar. 2021.
CEAP-360VR: A Continuous Physiological and Behavioral Emotion Annotation
Dataset for 360° VR Videos. IEEE Transactions on Multimedia 25 (2021), 243—
255.

Tong Xue, Surjya Ghosh, Gangyi Ding, Abdallah El Ali, and Pablo Cesar. 2020. De-
signing real-time, continuous emotion annotation techniques for 360° VR videos.
In Proceedings of the Conference on Human Factors in Computing Systems. As-
sociation for Computing Machinery, Honolulu, US, 1-9. doi:10.1145/3334480.
3382895

Georgios N. Yannakakis and Hector P. Martinez. 2015. Grounding truth via
ordinal annotation. In 2015 international conference on affective computing and
intelligent interaction (ACII). IEEE, IEEE Computer Society, Xi’an, China, 574—
580.

Tianyi Zhang, Abdallah El Ali, Chen Wang, Alan Hanjalic, and Pablo Cesar. 2020.
RCEA: Real-time, Continuous Emotion Annotation for Collecting Precise Mobile
Video Ground Truth Labels. In Proceedings of the Conference on Human Factors
in Computing Systems. Association for Computing Machinery, Honolulu, US,
1-15. doi:10.1145/3313831.3376808

Daniel Zielasko and Yuen C. Law. 2024. Cybersicker: An Open Source VR Sick-
ness Testbed - Do you still have fun, or are you already sick?. In Proceedings
of the ACM Symposium on Virtual Reality Software and Technology, VRST.
Association for Computing Machinery, Christchurch, New Zealand, 2 pages.
doi:10.1145/3641825.3689503

Daniel Zielasko and Bernhard E. Riecke. 2021. To sit or not to sit in VR: Analyzing
influences and (dis)advantages of posture and embodied interaction. Computers
10, 6 (2021), 73.




