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Figure 1: The interfaces compared in these studies with example 360° videos. Visuals show either a happy (Arousal=8, Valence=5)
or sad (Arousal=2, Valence=3) report. Images are cropped/zoomed to increase interface detail due to the large field of view in VR.

ABSTRACT

This paper presents interfaces for reporting emotion in real-time
during VR stimuli. Self-reported emotional responses are critical for
developing emotion recognition systems. Such responses can vary
throughout a stimulus such as 360° video, but most interfaces for
reporting emotion are designed to be used after the experience. This
reduces the entire experience to a single data point and raises con-
cerns about validity when multiple emotions can be elicited across
the stimulus. We introduce and compare user interfaces that allow
for real-time emotion reporting throughout the length of the stimulus.
Each interface varies on how emotion is physically input by the user
and displayed back to them for confirmation. A preliminary study
compared five such interfaces, gathering initial impressions, com-
paring control schemes, and rating intuitiveness. A primary study
considered four refined interface designs and compared reporting
precision and subjective opinions. Results suggest that a single in-
terface face icon responding to arousal and valence reports and a
gradiating color wheel are intuitive, precise, and unobtrusive. More
broadly, results indicate the type of rating interface has a significant
effect on the given ratings.

Keywords: Affective Computing, Emotion Rating Interfaces

1 INTRODUCTION

Automated emotion recognition hinges on quality data that maps
physiological and behavioral patterns to labeled emotions. This
labeling is often done post-hoc, allowing the user to report how
the stimulus made them feel after the experience. Methods and
interfaces for users to perform this style of reporting have been
widely investigated, ranging from the lengthy Semantic Differential
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scale [20] to the simplified Self-Assessment Manikin (SAM) [5] to
pictorial options like AffectButton [6].

The use of these post-hoc styles of self-assessment comes with
notable drawbacks. It ignores the fact that emotions vary on a
moment-to-moment basis and a single stimulus can elicit multiple
emotions over time [9-11, 18, 35]. For example, a narrative film
clip may aim to elicit sadness in the first half, then aim to relieve
tension with amusement in the second half. Reducing this experience
to a single self-reported emotion value at the end then introduces
questions about which part of the experience the report reflects and
what physiological data should be associated with it.

Some have attempted to overcome these drawbacks by associating
multiple self-reported labels with a single stimulus. One way to do
this is through cued recall [4,7,18], in which the subject experiences
the full stimulus, then is shown individual clips from their experience
and asked to rate how they felt at that moment. This technique has
been shown to not introduce the same memory bias as free recall,
which is associated with subjects only reporting the most intense
feelings [7], and is thus considered an effective strategy. However,
the nature of the technique incurs additional time requirements. This
can become problematic if the proctor wishes to collect a large
amount of data, as long experiment times can lead to boredom that
can negatively affect emotion-related research [2].

Another strategy is to have subjects report their emotions in a
time-continuous manner as they are experiencing the stimulus. For
example, while a subject is watching a video they may turn a dial
[18], move a joystick [34], or push a throttle [9] to indicate a position
on a dimension-based emotion model to indicate what they feel in
the moment. This naturally reduces time, captures the full range
of the emotional experience elicited by the stimulus, and has the
added benefit of producing fine-grained data for use in emotion
recognition models. While this removes the dangers of memory bias
associated with cued recall, it introduces the concern that subjects
may not understand their emotions while they experience them and
the act of monitoring emotion may introduce an amount of cognitive
load that distracts from the experience. These concerns appear to
be assuaged by reports that time-continuous ratings match up with



cued-recall [18] and end-of-task assessments [35].

Concerns about increased cognitive load can be further mitigated
by giving the user visual feedback on what emotion they are report-
ing to the system. While these have been explored more outside the
immersive VR context, the all-encompassing nature of video within
VR changes the requirements for these visuals. Continuous rating
interfaces within VR have begun to be explored, with HaloLight
and DotSize being prominent examples [35]. However, the design
process for these interfaces was minimal, being based on input from
a small number of experts and facing no formal comparisons to
other designs. In fact, to our best knowledge, no formal comparison
of any kind has been done on VR interfaces for time-continuous
emotion rating. We consider the need to explore a larger design
space, including different control schemes and interface visuals.

In this work, we introduce several novel interface designs and
continuous adaptations of existing methods. As an exploratory work,
we consider the following broad research questions: What design
elements of VR interfaces for time-continuous emotion reporting are
most effective in terms of reporting speed, precision across multiple
reports, and user preference? What is the effect of the type of rated
emotion on reporting speed and precision? How does the rated
emotion and reporting interface interact to affect speed, precision,
and the reported values themselves?

To answer these, we first conducted an exploratory preliminary
study with a small number of subjects to determine the most viable
designs for further study and what control schemes should be used
for them. A primary study then goes into further detail on selected
interfaces, comparing their speed, precision, and intuitiveness across
various kinds of emotion. Results suggest that users find a face
icon with expression changed by arousal / valence input to be more
intuitive than color-based visuals, but overall may prefer the color-
based visual with interpolated colors between diagonal extremes of
the arousal / valence spectrum. Results also point to an interaction
between interface and reported emotion, suggesting a need for deeper
exploration of the impacts of emotion reporting interfaces. Given
this, we consider our contributions to be the following:

* Introduction and evaluation of two well-performing continuous
emotion rating interfaces: Smiley and Gradiated HaloLight.

* Insight into key interface design considerations and guidance
for future designs.

 Evidence for the interaction between interface design and dif-
ferent types of emotion, showing that interfaces can have a real
effect on how we rate different emotions.

2 BACKGROUND AND RELATED WORKS
2.1 Models of Emotion

To allow users to report emotion, we must first define a model for
them to report within. Emotion is typically modeled as discrete or
dimensional [28]. Discrete models look to give names to a set of
universal emotions, such as Ekman’s seminal model of six basic
emotions [22] or Plutchik’s Wheel [23, 24], and tend to map well
onto our everyday linguistic understanding of the world. They also,
however, can be difficult to analyze quantitatively and may leave out
emotions that are harder to express in words.

Dimensional models account for a lack of specificity in language
by identifying a set of orthogonal dimensions that explain most of
the variance in emotion, then considering all emotions as having
a specific value along those axes. Several such models have been
developed; among the most frequently used is Russell’s arousal-
valence model [25, 26] with emotions ranging on the arousal axis
from calm to excited and on the valence axis from unpleasant to
pleasant. Despite its simplicity, this model is shown to explain
much of the variance in emotion and has been used in many works
within [8,15-17,29,31] and outside of [1,14,18,21] a VR context.

In our context, a model of emotion is only useful if users can
accurately and precisely note their felt emotions within it. Moreover,
they must be able to do so quickly and with minimal cognitive
overhead to allow for real-time continuous reporting. Thus, we
consider the arousal-valence model gives a good tradeoff between
perceptual simplicity and descriptive depth.

2.2 Self-Reported Emotion

In early emotion reporting work, a series of semantic differential
scales were often used [20] measuring reactions by ratings on bipolar
scales with two opposing adjectives. Ratings on these scales could
then be factored down into individual values on the pleasure, arousal,
and dominance axes. The Self-Assessment Manikin (SAM) [5] was
later created to simplify this process by letting the user pick a value
on each axis directly, aided by icons showing what a placement along
that axis might represent. SAM, or some version of it, is likely the
most commonly used rating interface as it is simple, straightforward,
and easy to port to digital [3] and even VR interfaces [15].

Other interfaces for rating along these dimensions have been
explored. For example, the AffectButton [6] interprets dimensional
values based on mouse position on a 2D square and tweens a face
graphic to approximate an appropriate emotion for that response.
The EmojiGrid [30] allows the user to select a point on a 2D grid
representing the arousal-valence space with emojis lining the edges
that correspond to what extreme emotion they are expressing. These,
and those used in many other works [13,29,36], are designed to be
used post-hoc.

Other works have provided an interface for the user to report
their emotion continuously throughout the experience. For example,
an early work gave the user a custom dial that would control input
along one dimension while the user watched a video [18]. Similarly,
CARMA [10] allowed the user to use a mouse or arrow keys to
manipulate a slider representing one dimension placed next to the
video. DARMA [11], its followup, gave the user a joystick to move
about the 2D space, again visually placed next to the video. Fayn
et al. [9] introduced a novel throttle input device that could sepa-
rate dimensions across different throttles, avoiding user conflation
between the dimensions, with either slider or graph based imagery
again placed next to the video.

However, such interfaces were designed for use on a desktop, with
all the peripherals and design affordances that entails. Using VR
changes the typically available input devices, and more importantly,
using 360° video changes the available visual space to place interface
visuals. To get around this, some VR works still use traditional video
clips, just rendered within a designed virtual environment, that still
allows them to place interface visuals next to the video [12]. The
visually all-encompassing nature of 360° video, however, requires
interface visuals to be overlaid atop the video. Recognizing this, Xue
et al. [34,35] prototyped several interfaces that would be visually
simple and minimally invasive to reduce cognitive load. However,
to our knowledge, no other works currently explore the design space
of continuous rating interfaces to address the specific challenges
brought up by VR or perform robust comparisons between different
designs. We attempt to address this gap with this work.

3 PRELIMINARY INTERFACE DESIGN

All designs (seen in Figure 1) visualize emotion based on a 2D
input for an arousal-valence model of emotion. The input used
Vive controller trackpads. Primary design considerations were that
an interface should be intuitive, to minimize required training or
reminders, and minimally invasive, to support focus on the content.

We considered four control schemes. Two one-handed schemes
used horizontal and vertical movement on one trackpad, with the
horizontal component being arousal (AV) or valence (VA). This
allowed a user to easily specify quadrants by diagonal moves from
trackpad center. Two two-handed schemes assigned arousal to left



Int Eff MI LI Best CS Pro

Con

HL 0 0 1 1 0 VA Simple Colors not intuitive

GHL 0 2 2 1 2 VA Color mixing helped precision  More colors is overwhelming

EG 1 0 1 0o 0 VA Labeling is intuitive Invasive, too much to see

SAM 1 1 3 0 1 THX  Easy and precise after training  Requires training and visually large
Smiley 5 4 0 5 4 THY Intuitive and non-invasive Face doesn’t capture all emotions

Table 1: Summary of preliminary results, indicating the number of times an interface was rated most intuitive (Int), most effective for watching
videos (Eff), most invasive / distracting (MI), least invasive / distracting (LI), best overall, which control scheme was most preferred, and the most

commonly given pros and cons.

and valence to right hands, with values changed with either vertical
(THY) or horizontal (THX) movement. This supported mental
separation of the two dimensions. Interface visuals were placed in
the bottom of the user’s vision, to be as unobtrusive as possible,
and at a distance of 5.5 meters from the user to match the typically
distant imagery in 360° videos.

HaloLight (HL): This method from prior work [34,35] changed
color of a circle to generally indicate the reported emotion. Quad-
rants of the arousal / valence spectrum were assigned certain colors,
with red representing high arousal / low valence (stress), blue low
arousal / low valence (sad), green low arousal / high valence (re-
laxed), and yellow high arousal / high valence (excited). Circle
opacity represented emotion “intensity,” or distance from neutral.

Gradiated HaloLight (GHL): One concern of HaloLight is
that the use of one color per quadrant does not give feedback for
variations within quadrants, e.g., tension and anger would look the
same. Gradiated HaloLight addressed this by mixing the two colors
of the two quadrants closest to the user’s input, e.g., inputting high
arousal and neutral valence would color the circle orange (mixing
yellow and red). This gave finer-grained feedback showing different
emotions within one quadrant.

EmojiGrid (EG): A continuous adaptation of [30], this inter-
face presented a 2D arousal-valence grid with emojis representing
emotions around its edges. A moving dot showed the user’s re-
ported arousal (vertically) and valence (horizontally) showing the
user which emoji they are closest to reporting.

SAM: A continuous adaptation of a classic self-assessment
manikin [5]. Nine manikins anchor numbers 1-9 on the arousal
and valence scales, with expressions based on arousal or pleasure
level. Moving dots were added to both scales to show current ratings.

Smiley: A novel approach with a dynamic face visual. Valence
controlled a mouth curve, with the amount of smiling proportional
to valence (neutral input gives a straight line, and lower values gives
a frown). Arousal was mapped to either opacity, with low arousal
making the face closer to transparent, or eyebrow tilt, with low
arousal turning the eyebrows outward and high arousal turning them
inward. We intend the face to give an intuitive visual of valence and
arousal, making emotion easier to report.

3.1 Preliminary Study Design

We gathered opinions of the five interface designs to guide future
studies on continuous rating. Seven subjects (age: 20-27, mean=24.1,
sd=3, gender: 4 male, 3 female) participated, using a Vive Pro Eye
headset and Vive controllers. The study consisted of 5 phases and
was approved by the university IRB.

Initial Impressions:  Subjects first used interfaces in an empty
VR world with instructions to play with the trackpad to see how it af-
fected the visuals, then to give their initial impressions of what those
visuals meant within the emotion-reporting context. If subjects did
not offer opinions, the proctor asked questions like “what emotion
do you associate the possible colors with?” or “how do you interpret

the interpolation between colors?” to guide responses. After the
subject provided enough feedback, the proctor advanced them to the
next interface. This phase let us gather initial observations, but also
provided context for the training phase.

Training: We considered that subjects would have difficulty
reporting in the arousal / valence model in real-time without fairly
significant training on the model itself. To mitigate these learning
effects, subjects exited VR and were given a 10-15 minute training
session on the arousal-valence dimensions and how to give input.
Training was done through a PowerPoint presentation; after the
proctor explained each dimension, the subject was shown the SAM
scales asked to verbally give a number from 1-9 on each scale for
the emotion terms angry, elated, content, sad, relaxed, frustrated,
depressed, excited, bored, and sleepy. This set was chosen for
showcasing terms in each quadrant, as well as some that have were
likely to be neutral in one dimension (e.g. “sleepy” may have a
neutral valence). If subjects gave an unexpected response (e.g. a high
valence for the “depressed”) they were given further clarification
on the related dimensions. At the end, they were given a physical
demonstration of reporting with the controller, and told to imagine
that the position of their thumb on the trackpad corresponded with
the 1-9 scale they had just used, and that the visuals should somehow
reflect this input.

Control Scheme: After training, subjects reentered VR and
practiced giving ratings by reading an emotion word and using each
interface to report that emotion (similar to the training session).
At the same time, they tried each interface with each of the four
control scheme, with the control scheme changed by the proctor
upon request. Helper images explaining the current control scheme
and what the interface visuals meant were shown beside the emotion
word. After deciding they had enough practice, they picked the
control scheme they preferred for each interface. The preferred
control scheme for each interface was carried into the next phase.

Video: Subjects watched 5 60-second 360° videos using the
interfaces to continuously rate their emotions. The 5 videos in-
cluded “Zombie Apocalypse Horror,” “Walk the Tight Rope,” “War
Zone,” “Speed Flying,” and “Malaekahana Sunrise” from [15], with
timestamps taken from [35]. Each video was paired with a different
interface at random, and was shown in a random order.

Questionnaire: Finally, subjects exited VR and answered a
questionnaire about their experience with the interfaces. Questions
included “Which interface felt the most intuitive and why?” “Which
interface did you feel you could use most effectively while watching
a video?” “Which interface felt the most and least invasive / distract-
ing?” and “For each interface, what did you like and dislike?”” They
also chose a best interface according to their overall preference.

3.2 Preliminary Results

Table 1 summarizes subjective results. We see a trend of subjects
finding the Smiley interface intuitive, minimally invasive, and ef-
fective for watching videos. Comments noted that the face’s mouth
was a clear indication of valence, and that subjects could easily find
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Figure 2: Examples of the 4 interfaces used in the primary study as
rendered with certain arousal / valence values. Note that the further
into a quadrant the report is, the closer in color HL and GHL are.

most expressions that matched their emotions. Subjects were split
on if arousal should be represented by opacity (4) or eyebrows (3).
The eyebrows made more sense as an emotional indicator, but could
be misinterpreted in too many ways. The opacity was more abstract,
but simpler to interpret once subjects knew what it meant. Most (5)
subjects preferred two-handed input, saying it was easier to focus
on each dimension individually and avoid accidental changes.
Results on HL and GHL suggest that the colors are not universal.
During initial impressions, only 2 subjects correctly interpreted
the emotions represented by all 4 colors. Those who liked them
generally preferred GHL for its increased precision; the 4 colors
made subjects feel that they were choosing from only 4 options.
Feedback on SAM showed it was intuitive and precise, but only after
training, and was large and distracting during video. Feedback on
EG showed that the faces were intuitive and subjects liked seeing
their input directly mapped to a grid, but showing all of the faces at
once was too distracting during video. These results were used to
improve designs and continue comparison in the primary study.

4 PRIMARY INTERFACE DESIGN

Given our design considerations for a good continuous rating inter-
face, we moved forward to a more formal study with those interfaces
rated the most intuitive and least invasive in the preliminary study.
Smiley was chosen for its consistently high ratings. HL was in-
cluded because it is the most relevant method from the modern
literature. GHL was chosen for being generally better rated than
HL, and its inclusion allowed a direct comparison with HL. While
EG and SAM were considered somewhat intuitive, they were also
considered visually invasive and generally unimpressive, and were
therefore removed for the primary study.

The designs of HL and GHL were kept consistent in the primary
study, and both used the VA control scheme. After incorporating
subject feedback, new Smiley designs were tested with a small pilot
group, resulting in slight design changes and a new variation as
described below. Both used the THY control scheme due to majority
preference in the preliminary study. The 4 studied interfaces are
shown in Figure 2 with example arousal / valence ratings

Smiley, OneFace (SOF): One primary criticism of the Smiley
interface was the vagueness of the arousal representation through
opacity and eyebrow movement. In reconsidering research on facial
expression dynamics and their link to arousal [6, 22, 30, 33], we
adjusted the eyebrow behavior to change scale and arc shape instead
of just tilt. Specifically, as arousal is raised, the eyebrow is arched
upward (midpoint is higher than endpoints), it becomes larger and is
raised higher on the face, and the eyes are narrowed and grow taller.

As arousal is lowered, the eyebrow is arched downward (midpoint is
lower than endpoints), it becomes smaller and is lowered closer to
the eyes, and the eyes widen and shorten. The intent is to make high
arousal look surprised or alert and low arousal look bored or tired.

In addition to changing eyebrow representation, we also consid-
ered replacing opacity adjustment with saturation. In dark scenes,
fully reducing the opacity of the face might render the dark mouth
and eyebrow features hard to see, limiting the interface’s usefulness
and possibly artificially incentivizing higher arousal reports to keep
the face visible. This problem is avoided by reducing saturation
instead of opacity, with low arousal turning the face from a bright
yellow to a duller blue-gray color. In a small informal pilot with 6
participants, feedback indicated that they preferred the saturation
change to opacity, and preferred a combination of both saturation
and eyebrow effects to only one effect.

Smiley, TwoFace (STF): While the SAM interface had draw-
backs in being too visually invasive, users did seem to like having
the two dimensions visually separated. We considered that this sepa-
ration could be replicated on a visually smaller interface by showing
two Smileys side-by-side with valence only affecting the right face
and arousal affecting the left. Valence and arousal features are re-
moved for the face that doesn’t show them. While other interfaces
were shown in the bottom right corner of the user’s vision, TwoFace
was shown in the bottom center of the user’s vision to ensure both
faces were equally visible.

4.1 Primary Study Design

Our goals for an expanded study were primarily to gather further
initial opinions on the meaning of interface visuals, compare the
reporting precision of interfaces, compare interfaces when reporting
different types of emotions, and collect subjective opinions on the ef-
fectiveness of the interfaces for continuous rating during videos. To
those ends, we followed a similar study procedure to the preliminary
study (Section 3.1) with changes identified below.

4.1.1 Participants and Apparatus

26 undergraduate students (age: 18-32, mean=20.5, sd=3.17, gender:
15 male, 9 female, 2 non-binary) were recruited to participate, 15
being from computer science, 8 from electrical engineering, and 3
from informatics. VR experience varied, with 9 claiming no VR
experience, 9 claiming minimal to infrequent use, and 8 claiming
frequent use or headset ownership. Subjects answered 5 questions
from the Immersive Tendencies Questionnaire [27] , scoring an
average 24.1 out of a possible 35. Subjects used an HTC Vive Pro
Eye headset and controllers to view the scene and interact. Arousal
/ valence values were captured at 50 Hz based on thumb input on
the controller trackpads according to the control scheme. To make it
easier for subjects to report min and max arousal / valence values,
we constricted the radius of input to 85% of the trackpad’s natural
radius. Any input given outside of that was considered reported as
the max for that dimension.

All experiment software and interfaces were made in Unity
2019.4.11. Experiments were performed on an Alienware Aurora
R13 with an Intel i7-12700KF CPU and GeForce RTX 3080 graphics
card. Study methodology was approved by the university IRB.

4.1.2 Study Procedure

The primary study followed a similar 5 phase procedure to the
preliminary study. The Initial Impressions and Training phases
were kept identical aside from the use of different interfaces. The
third through last phase are described below.

Label Reporting:  Similar to the Control Scheme phase, sub-
jects practiced giving ratings by reporting an emotion labeled on
a screen in the VR environment. To support measuring precision,
subjects rated a set of the same 8 words 4 times, with the order of
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Figure 3: Mean arousal and valence values for each emotion word using each interface with standard error bars for both dimensions.

the words randomly shuffled each time. To avoid confusion, we
ensured the first word of a new set was not the same as the last word
of the previous set when shuffling. Considering subjects would need
practice when using a new interface, the first set showed a helper
graphic for the current interface and control scheme and was not
counted during analysis.

The 8 chosen words were “Angry,” “Curious,” “Happy,” “Appre-
ciative,” “Relaxed,” “Solemn,” “Bored,” and “Despairing,” taken
from seminal work by Mehrabian [19] in which he provided a large
list of words with average arousal and valence ratings given by a
population of several hundred students. Four words were chosen for
their average ratings falling cleanly into one of the four quadrants,
while the other four were chosen chosen for having a roughly neutral
average in one dimension. We considered using words with a neutral
value in one dimension may produce different results between HL
and others, since we speculate that the design of HL promotes simply
picking 1 of 4 quadrants.

Video: Similar to the Video phase from the preliminary study,
subjects watched 4 60-second 360° videos using the interfaces to
continuously rate their emotions. The 4 videos included were “Zom-
bie Apocalypse Horror,” “Walk the Tight Rope,” “War Zone,” and
“Malaekahana Sunrise” (“Speed Flying” was removed due to this
study using 1 fewer interface). Again, each video was randomly
paired with a different interface and shown in a random order.

Questionnaire: Before exiting VR, subjects ranked the 4 inter-
faces by their overall preference using a drag-and-drop ray-based
interface. After confirming their ranking with the proctor, they ex-
ited VR and answered the same questionnaire as in the preliminary
study, minus choosing the best interface.

4.1.3 Study Metrics

The primary independent variable of interest is the interface. In
the Label Reporting phase, the emotion label being rated was
considered an independent variable in order to check for interactions
between interface and emotion.

From the Label Reporting phase, we first measure the given
arousal and valence ratings for differences in reporting behaviors.
We then also extract a precision and time-to-report dependent vari-
able. We consider that the interfaces should be able to be used
quickly in order for it to be used in real-time, thus we consider a
low time-to-report to be imperative. We also consider that a user
should be able to report a single emotion with relative precision over
multiple reportings, i.e., if a user wishes to report “happy,” their

”»

Table 2: Two-way ANOVA results, including the corrected degrees of
freedom, F and p values, and Cohen'’s f effect size.

Metric Variable DoF F P f

Interface (1.46, 35.15) 477 .023 45
Arousal -

Interaction  (6.32, 151.58) 4.62 <.001 .44

Interface (2.05,49.1) 3.62 .033 39
Valence

Interaction (8.3, 199.21) 259 .01 .33
Precision: Interface (2.28,54.8) 423 016 42
Arousal Emotion (2.6, 62.37) 15 226 NA
Precision: Interface (1.95, 46.79) .89 413 NA
Valence Emotion (4.29, 102.9) Sl 739 NA

Interface (2.23,53.51) 832 <.001 .59
Report Time  Emotion (4.57,109.71) 895 <.001 .61

Interaction  (9.36,224.61) 442 <001 4

arousal / valence values should be similar each time. To that end, we
measure precision as the statistical variance in arousal and valence
reports for the last 3 times they report a single emotion, with a lower
variance considered more precise.

From the Questionnaire phase, we extract a general ranking,
assigning values 1 through 4 to each interface (1 being best) based
on their position in the ranking. We also extract which ratings are
considered most intuitive, most effective, most invasive, and least
invasive from their associated questionnaire items.

4.2 Primary Results

‘We analyzed precision and time-to-click metrics with two-way re-
peated measures ANOVA tests using interface and emotion label as
within-subject independent variables, followed up with pairwise t
tests when appropriate, and used Cohen’s f and d to measure effect
size. For clarity, ANOVA results are listed in Table 2 and significant
pairs are listed in Table 3. We analyzed subjective rankings using a
Friedman test and followup Wilcoxon signed rank tests. Finally, we
compared counts for other questionnaire metrics with exact multino-
mial tests and followup binomial tests. In all cases, Holm corrections
were applied to p-values to correct for family-wise error.

4.2.1

Arousal and valence reports from the Label Reporting phase are
summarized in Figure 3 for each interface and emotion label. A

Label Reporting



Table 3: Significant diffs. between interfaces for indicated metrics.

Metric Result t p d
GHL #£SOF 345 003 .244
GHL #STF 253 .037 .179
Arousal
HL #£SOF 373 .00l .264
HL +# STF 274 027 .194
Arousal HL > STF 2777 .03
Precision SOF>STF  3.21 .009
HL<GHL 7.86 .001 .32
HL < SOF 625 .001 .26
Report " CSTF 575 001 23
Time

GHL >SOF 2.73 .019 .112
GHL >STF 256 .021 .104

two-way repeated-measures ANOVA measuring effect of interface
and emotion label on arousal showed a main effect of interface and
a significant interaction between interface and emotion (see Table
2). A similar ANOVA measuring effect on valence showed a main
effect of interface and an interaction between interface and emotion.

Pairwise followup t tests between just the 4 interfaces show that
HL and GHL arousal reportings both differed from SOF and STF.
Followup tests did not show any difference between interfaces for
valence reportings after Holm corrections, though there was a possi-
ble trend between GHL and SOF (t = 2.59, p = .062). This reflects
a trend seen in the 2D plot: visually similar interfaces (GHL / HL.
and SOF / STF) are slightly clustered together for arousal ratings.

Investigating the interaction between interface and emotion label,
we visually see different patterns between the interfaces for different
words, with some words showing tighter clusters and some showing
opposite patterns of which group of interfaces has a higher or lower
arousal. Performing pairwise comparisons of arousal reportings
between interfaces for each emotion label, we see that for “Angry,”
GHL (¥ = 7.49) incurred a higher reporting than SOF (X = 6,1 =
2.65,p =.05,d = .531 ) and STF (¥ =6.03,t =2.7,p = .05,d =
.54), while for “Relaxed,” GHL (X = 2.72) incurred a lower reporting
than SOF (¥ = 4.54,t = .3.96,p = .003,d = .792) and STF(x =
4.31,t =4.07,p = .003,d = .815). A similar trend of lower arousal
for GHL and HL is seen with “Curious.” When looking at valence,
we only see a difference for “Angry,” where GHL (¥ = 2.56) and
HL (x = 2.42) incurred a higher valence reporting than SOF (¥ =
1.53,t =4.68,p < .001,d = .937 for GHL, r =4.45,p < .001,d =
.89 for HL) and STF (x = 1.61,t = 4.47,p < .001,d = .894 for
GHL, r =4.17,p = .001,d = .833 for HL). This interaction effect
suggests that the difference between interfaces is not constant, and
could not be fixed with a simple offset. In other words, it suggests
that the interface had a real effect on how the subject perceived the
emotion they were reporting.

Precision  As previously mentioned, we measure precision as
the statistical variance in the 3 reportings a subject gave per interface
per word. Results are summarized in Figure 4. A two-way repeated-
measures ANOVA on arousal reports showed a significant main
effect for interface but not emotion label. A similar ANOVA on
valence reports showed no significant main effects for either.

Followup pairwise comparisons between interfaces for arousal
ratings showed STF incurred a higher arousal reporting variance
than HL and SOF. While much of the variance is rather low (medians
for all interfaces are below 0.5), we also see a strong positive skew
in arousal reporting. This may suggest a possible confusion or
carelessness during reporting that is exacerbated by using STF.
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Figure 4: Variance within individual subjects for their 3 reportings
given per interface per word during the Label Reporting phase. Red
dots denote means.
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Figure 5: Boxplots summarizing time-to-report for each emotion label
with interfaces collapsed. Connecting brackets indicate significantly
different pairs. Note outliers are removed for bracket readability.

Time to Report  We consider the time taken to provide a report-
ing for an emotion label a general measure of the speed at which
a user can rate an emotion as they feel it. As these interfaces are
meant to be used in a real-time context, speed is important to en-
sure the reports are current with measured physiology. Results for
time-to-report are summarized in Figure 6.

A two-way repeated measures ANOVA on time-to-click showed a
significant main effect for interface and emotion label, as well as an
interaction between the two variables. Looking only at differences
between interfaces, with emotion labels collapsed, followup pairwise
comparisons show that HL (X = 3.42s) was faster than GHL (¥ =
4.72s), SOF (x = 4.3s), and STF (x = 4.31s). GHL was also shown
to be slower than SOF and STF. This implies the partial ranking HL.
is faster than SOF and STF which are faster than GHL.

Figure 5 more directly investigates the times to rate different
emotion labels. As shown, many differences are found. For example,
“Relaxed” (¥ = 4.94s) and “Curious” (¥ = 4.99s) took longer to
report than 5 other emotion labels each. “Happy” (¥ = 3.1), on
the other hand, was faster to report than all other emotion labels,
beating “Relaxed” and “Curious” by almost 2 full seconds. This
may suggest that some emotion words are more familiar and can be
quickly mentally mapped to an arousal / valence value, while others
may take more thought.

To investigate interactions between interface and emotion label
on time-to-report, we performed pairwise followups between each
interface for data from each emotion label. Patterns remain similar
for most comparisons, with HL. generally taking less time than
others and GHL generally taking more. GHL took more time than
all other interfaces for the words “Curious” and “Despairing,” but
took less time than SOF and STF for the word “Angry.” For the
words “Bored” and “Appreciative,” no significant differences are
found, and the means across interfaces are closer together. This
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Figure 6: Boxplots summarizing time-to-report in seconds during the Label Reporting phase for each combination of emotion label and interface.
Red dots denote means. Connecting brackets indicate significant pairs. Note outliers are removed for bracket readability.

interaction suggests that certain emotions, like “Angry,” may be
easier to report using GHL than other emotions, and more generally,
that certain interfaces can vary in difficulty across emotions.
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Figure 7: Ranking for preferred emotion rating interface. Bar color
indicates how many subjects gave the interface the indicated ranking.
A ranking of 1 implies best. Brackets denote significant differences.

4.2.2 Subjective Results

Ranking results from the questionnaire phase are shown in Figure
7. A Friedman test showed a moderate difference between interface
rankings [¥%(3) = 27.768, p < .001,W = .37]. Pairwise followup
comparisons showed GHL (median rank 1) ranked higher than STF
(median 3, p =.009) and HL (median 4, p < .001), and SOF (median
2) also ranked higher than STF (p = .014) and HL (p < .001). This
supports a clear partial ranking of GHL and SOF > STF and HL.
Results from the rest of the questionnaire are summarized in Table
4, showing the number of times an interface was chosen for each
question. Exact multinomial tests were performed to detect departure
from a random uniform selection of interfaces for each question.
Results for most intuitive showed unequal proportions [¥%(2) =
21.48, p < .001], with followup binomial tests suggesting HL was
picked fewer times than GHL (p < .001) and SOF (p = .01) and
GHL was picked more times than STF (p = .017). This supports a
partial ranking for perceived intuitiveness of GHL / SOF >STF / HL.
Results for most effective also showed unequal proportions [y%(2) =
17.5, p < .001], with followups suggesting HL was picked fewer
times than GHL (p = .005) and SOF (p = .003). Results for most
invasive again showed unequal proportions [x2(2) = 6.8, p = .033],
with followups not showing significant differences between pairs
after corrections. Finally, results for least invasive showed unequal
proportions [x2(2) = 20.76, p < .001], with followups suggesting
SOF was chosen more times than HL (p = .004) and STF (p < .001).
Below we summarize subjective feedback, supported by direct
quotes when appropriate, and give a count for italicized words repre-

senting the frequency of the associated sentiment in the exit question-
naire. HaloLight was liked for its simplicity (N=7), with 4 distinct
colors ensuring they knew the general emotion they were report-
ing (“Quadrants make it easy to know where you are” - Subject
19). However, this simplicity also made it more vague (N=14) than
others, with less feeling of control or precision likely making it
less intuitive and effective (“Can’t go in between colors when the
feeling is in between” - S. 7). Gradiated HaloLight was generally
considered the better version (“Just a better version of HL” - S. 10),
with the gradient giving increased precision and more colors that
could represent a wider range (N=12) of emotions. However, the
small changes in color after small input changes led to difficulty dis-
tinguishing those smaller differences, and the wide range of colors
overall overwhelmed (N=6) some (“Had to put too much thought in
to distinguish collors” - S. 9). Despite these concerns, it was rated
as highly intuitive and effective.

Feedback for the OneFace Smiley suggested subjects liked the
added nuance of facial features, and the natural mapping of emo-
tional qualities onto dynamic facial features was more intuitive (N=8)
for some than color association (“I can match it to my own face and
not have to think about color” - S. 16). The main complaint was that
the simplicity of the face its possible expressions did not express
the full range (N=8) of emotions. “Simpler emotions [(e.g. happy)]
are easy to associate with facial expressions, but more complex
emotions [(e.g. appreciative)] feel more abstracted” - S. 17.

Feedback for the TwoFace Smiley suggested subjects did not like
the separation (N=16) of the two dimensions. While this was per-
ceived as a positive quality of the SAM interface in the preliminary
study, it appears this did not translate well onto a face visual (“Kind
of hard to fuse the two faces” - S. 1, “Seemed better to just have
one face” - S. 7). As such, it was not perceived as very intuitive or
effective, and received the highest selection for most invasive.

5 DISCUSSION

Our primary goal in this work was to explore the design space
of continuous emotion rating interfaces and compare examples to
discover useful design elements. The HaloLight interface, taken
from prior work, was the simplest design we tested, associating
the 4 quadrants of the arousal / valence spectrum with 4 colors and
adjusting color based on the user’s input. Because this design does
not give feedback for changes within quadrants beyond a general
“intensity,” we expected it would be quicker to use but result in less
precision when trying to report the same emotion multiple times.
Analysis showed that HaloLight was faster to use, with small-
to-moderate effect sizes and an average difference of about 1 full



Table 4: Summary of questionnaire results, indicating the number of times an interface was chosen as the most intuitive (Int), most effective for
watching videos (Eff), most invasive / distracting (M), and least invasive / distracting (LI), and the most commonly given pros and cons.

Int Eff MI LI Pros

Cons

GHL 14 1l 8 6 accurately describe emotions

Most precise, wider variety, gradients more

Hard to distinguish between small gradients,
easy to lose position, should be a limit on colors

HL 0 0 7 2

Minimal options make it simple and quick

Vague, hard to report emotions outside quadrants,
harder to control

SOF 10 12 1 17 .
emotions, nuanced

Simple and intuitive, visual is relatable for most ~ Facial features don’t express the full range of emotions,

processing facial expression took mental effort

STF 2 3 10 1

Two faces helps distinguish dimensions

Having to fuse both faces took mental effort, not
intuitive to think of emotion dimensions separately

second, but did not show significant differences in precision, with
mean and median values similar to the others. This indicates a useful-
ness in situations where very fast reporting is of utmost importance.
However, subjects did not favor this technique, with it receiving the
lowest median ranking, no subjects naming it most intuitive or effec-
tive, and many citing general vagueness or lack of confidence using
it. This, then, may suggest there is a more appropriate approach for
building user confidence and favorability.

Gradiated HaloLight was designed to mitigate concerns about
HaloLight’s precision by allowing the colors to gradiate across dif-
ferent inputs. While this did not appear to significantly improve
precision, it does appear that it raised user confidence; it had the
highest median subjective rank, significantly outranked HaloLight,
and was rated as more intuitive and effective. However, this im-
proved confidence appears to come at a time cost, with Gradiated
HaloLight being slower for emotions like “Happy,” “Curious,” and
“Despairing.” Based on subject feedback, we expect this is because
of difficulty distinguishing between small gradients in color. Based
on final positions in Figure 3, we consider it likely that subjects
quickly moved to a similar area as with HaloLight, then spent ex-
tra time performing corrective motion [32] to refine the position
based on the extra feedback information. This may warrant further
investigation into the motion performed during rating.

Smiley was designed to provide a more intuitive interface ex-
ploiting emotional associations with facial expressions instead of
colors. The OneFace version appears to have achieved this, being
frequently picked as the most intuitive and least invasive, and having
the highest median rank among the interfaces. During the initial
observations phase, all subjects immediately grasped that adjusting
the curve of the smile meant adjusting some kind of happiness value,
while not all subjects immediately grasped the meaning of each color
for HaloLight. Mean and median precision values and rating times
were also generally on par with those of Gradiated HaloLight.

The TwoFace version of Smiley was designed to emphasize the
separation of arousal and valence dimensions, since this was pointed
out as a positive aspect of the SAM interface in the preliminary study.
However, this was not appreciated by subjects and, in combination
with confusing arousal representation, may have hampered precision
for the arousal dimension. In all comparisons with statistical sig-
nificance, the OneFace Smiley outperformed the TwoFace version,
suggesting OneFace should be used instead moving forward.

Results on the differences between emotion labels may reveal
more general information about the process of rating emotion with
these kinds of interfaces. As seen in Figure 5, certain emotions take
less time overall to provide a rating for, e.g., “Happy” is rated almost
2 seconds faster than “Relaxed” or “Curious.” This suggests that
some elicited emotions may take more mental effort and time to
adjust reporting, which may need to be taken into account when
associating physiological data with a continuous self-report. Given
that HaloLight performed faster than all other interfaces for both of
these words (see Figure 6), it again may be the preferred interface
when such emotions are being elicited and rating time is considered
paramount. However, if emotions like “Happy” or “Bored” are being

elicited, an interface like Smiley may be used with similar results.

6 CONCLUSION

This work explored designs for time-continuous emotion rating
interfaces. A preliminary study introduced 2 novel techniques, the
Smiley and Gradiated HaloLight, and roughly compared 5 interfaces
to guide selection for a larger study. The larger study introduced
the TwoFace Smiley and compared the 2 Smiley and 2 HaloLight
interfaces. Studies compared interfaces by their time and precision
when rating certain emotion words and by subjective opinions.

Results indicate that the OneFace Smiley and Gradiated Halo-
Light were significantly preferred to the HaloLight from prior work,
being ranked higher and named more intuitive and effective for use
in real-time. HaloLight was shown to incur lower reporting times for
most emotion labels, suggesting a possible advantage in real-time
context. Results on the differences between different emotion labels
give further insight into the nature of reporting emotion. Certain
emotion words took less time to rate than others, possibly suggesting
more mental load to describe certain emotions. Certain emotions
labels were also reported with different values when using different
interfaces, with HaloLight and Smiley variants clustered closer to-
gether. Interactions between interface and emotion labels suggest a
real difference in how emotions are reported on different interfaces
and not one that can be calibrated for.

When considering applications for these interfaces, we imagine
two main types. First, an application which wants to quickly un-
derstand a user’s response (e.g. market testing) could consider the
Smiley for its intuitive and minimally invasive design that is un-
derstandable with minimal training. Second, research applications
aiming to train Al models to recognize a wide range of emotions
could consider the Gradiated HaloLight for its perceived wider range
and intuitiveness after training. However, researchers collecting
time-series data should anticipate the types of emotions elicited and
understand that reports for more “complex” emotions may be made
later than reports for “simpler” ones.

The exploratory nature of this study created several limitations.
Because we wanted to assess our designs’ impact for knowledgeable
users, subjects received thorough training before assessment, and
thus our results may not apply to an untrained user. Our focus on
isolating repeated and precise reports meant we had to limit subjects’
experience with videos to only 4 brief clips, thus limiting broader
implications for other natural stimuli these interfaces are meant to
be used with. Finally, because we wanted to compare with existing
interfaces, our designs were mostly inspired by 2D imagery, but 3D
indicators or interactables may be desirable in VR.

Future works could address these limitations with more targeted
studies. Considering the remaining ambiguity in the Smiley’s arousal
representation, and other existing struggles to represent arousal
[6,30], more investigation could should be done to find the best
facial representation for the dimension. Future designs could also
make more use of the 3D nature of VR, expanding the range of input
or visualization. Most importantly, future work should more directly
investigate the interfaces’ usability in natural video stimuli.
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