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Abstract
Emotions are primary brain processes central to human existence,
yet traditional elicitation techniques lack the ecological validity
and interactivity needed to evoke primary-process emotions in
controlled settings. Panksepp’s Theory of Affective Neuroscience
identifies PLAY as a distinct subcortical primary emotional sys-
tem with significant implications for cognitive and therapeutic
applications. Despite this, to our knowledge, no prior work has
targeted PLAY elicitation in Virtual Reality (VR) [56]. This paper
addresses that gap by proposing a framework for eliciting PLAY
through VR. We adapt Dozio et al.’s affective VE design framework
to incorporate Pankseppian emotion theory, mapping PLAY to high
valence, arousal, and dominance, and introducing an affective fram-
ing component to capture PLAY’s defining social qualities. Three
independently designed VR environments, a snowball rally, a tug of
war, and an apple interaction are presented. Evaluation uses a tri-
angulated multimodal approach combining physiological measures
(ECG and GSR), self-report instruments (SAM, PANAS-X Joviality
subscale, IPQ, and social presence subscales), and behavioural ob-
servation across 90 participants in a between-subjects design. This
work will contribute a replicable design framework for Pankseppian
VR emotion elicitation and a measurement model for validating
state-level PLAY activation.

Keywords
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1 Introduction
Given the importance of emotions to human existence, scientists
have refined methods for eliciting, assessing and analysing emo-
tions in order to improve their understanding [52]. Discrete models
(which categorise emotions into distinct states) and the Dimen-
sional models (which place emotions on scales such as arousal,
valence, and dominance) are the main ways emotions are classified
[21, 49].

Jaak Panksepp’s Theory of Affective Neuroscience proposes that
animals possess innate emotional circuits activated by localised
electrical stimulation of the brain (ESB) in sub-cortical regions
[40]. He identifies seven emotions, PLAY, CARE, LUST, SEEKING,
RAGE/ANGER, FEAR and GRIEF. Positive emotions serve as ESB
rewards, while animals actively avoid stimulation evoking negative
emotions [40].
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PLAY is a non-serious, highly pleasurable interaction between
entities [7]. Panksepp’s rat experiments demonstrated playful pin-
ning behaviour accompanied by 50kHz ultrasonic vocalisations [42].
Since touch is PLAY’s primary sensory system and the neocortex is
not required, PLAY constitutes a primary process emotion [41].

Emotion elicitation techniques allow emotions to be studied in
controlled settings [10]. Passive methods, including International
Affective Picture System images, film clips, music, and autobio-
graphical recall are the widely-used standard for controlled emo-
tion elicitation in laboratory settings [6, 23, 62]. Although these
methods successfully elicit emotions, the position of the participant
is as an observer. This limits immersion and ecological validity (the
degree to which findings generalise to real-world settings) [22, 30]
. Hence they are poorly suited to eliciting interactive emotions
requiring active participation [10, 58].

Active techniques produce more intense emotions through direct
engagement, including computer-generated avatar interactions,
Virtual Reality (VR) and games. VR is particularly promising due to
high engagement, arousal, and strong positive affect [10, 56]. Since
PLAY requires environment engagement, VR is an appropriate
elicitation medium [7].

When designing affective VR content, presence, immersion and
agency all influence emotion elicitation success. Presence, the sub-
jective sense of "being there" occurs when the user’s awareness of
the physical world recedes [36, 47, 54]. Agency is the capacity for
meaningful action within the VE granting narrative ownership and
enhancing engagement [20, 29, 35]. Immersion reflects the degree
of sensory isolation the technology delivers [1, 8, 14].

We propose a design framework for eliciting PLAY in VR by
adapting existingmethodologies to incorporate Pankseppian theory.
We present three independently designed virtual environments and
a multimodal approach to validate the system’s success.

2 Related Work
This chapter examines prior work to identify what has and has
not been accomplished. No prior work targets PLAY as a distinct
neurobiological system in VR. Limitations in framing, interaction
design, and measurement reveal the significant gap that this re-
search addresses.

2.1 VR as an active elicitation medium
VR is the most effective medium for controlled emotion elicitation.
It produces higher arousal and positive affect than 2D displays
[37]. Head Mounted Displays outperform 360-degree video on va-
lence and arousal [43]. Yang and Zhang [65] found a clear gradient:
VR outperforms 360-degree video, which outperforms 2D video
on presence, enjoyment, and emotional engagement. VR-elicited
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Figure 1: Affective VE design procedure adapted from Dozio
et al. [16]

responses are comparable in intensity and temporal pattern to real-
world experiences [9, 48]. Interactive VR produces stronger effects
than passive viewing, mediated by presence [3, 66].

This efficacy is grounded in the bidirectional relationship be-
tween presence and emotion [1, 14, 47]: emotionally charged envi-
ronments increase presence, and higher presence amplifies arousal
[18, 47]. This establishes VR as the appropriate platform for in-
vestigating complex emotional states, including primary-process
emotions.

2.2 Designing for Affective VEs
Researchers have developed design frameworks for affective VR,
but these target dimensional or discrete emotions. Active tasks
are typically goal-directed, and social VR research focuses on task-
oriented collaboration rather than non-serious play.

2.2.1 Design frameworks for affective virtual environments. Design
choices in a virtual environment directly shape the emotion it elic-
its. Dozio et al. [16] formalised a four-layer methodology, validated
across 10 VEs targeting different emotions. Multiple studies con-
verge on these four key design categories, which provide the gener-
alisable framework for affective scene design seen in Figure 1. Stein-
hausser et al. [57] identified themes, colours/textures, and lighting
as central. The sensory dimension is especially well-corroborated:
lighting, sound, colour, and haptics consistently modulate emo-
tional responses [18, 26, 27].

A key limitation is that these frameworks have only been vali-
dated against dimensional or discrete emotion models. None incor-
porate reciprocal social interaction or role-reversal (behavioural
signatures of PLAY) and the "interactive" layer emphasises user
control rather than social reciprocity with an agent. Nevertheless,
they offer a validated outline of affective design elements applicable
to a PLAY-eliciting VE.

2.2.2 Social, active, and collaborative VR . VR supports meaningful
social and emotional engagement, but existing research focuses on
task-oriented collaboration rather than non-serious play. Coopera-
tive tasks enhance social presence and positive affect [12, 63], and
authentic avatar interaction facilitates presence [46]. Stylised non-
human characters are rated more positively than realistic avatars

[15]. The type of social presence matters: a collaborative companion
enhances experience [12] while an evaluative observer may reduce
positive affect [60].

Active tasks enhance emotional intensity and produce a wider
spread of arousal responses than passive viewing [64]. PLAY, how-
ever, requires non-serious activity done for its own sake. Existing
active VR tasks are goal-directed (escaping a room, sorting objects),
which is incompatible with the autotelic nature of PLAY.

2.3 Measurement Approaches
Self-report and physiological measures dominate affective VR evalu-
ation, yet are poorly suited to capturing state-level PLAY. Self-report
instruments lack specificity for state-level PLAY. For example, the
SAM [2] conflates PLAY with SEEKINGwithin a high-valence, high-
arousal space; the PANAS-X Joviality subscale [61] reflects positive
engagement but is not a validated PLAY measure; and the IPQ [50]
assesses presence rather than affect. More broadly, self-report is
susceptible to cognitive bias and demand characteristics [28, 56].
Physiological measures (e.g., ECG, GSR) provide continuous, objec-
tive indicators of arousal, but cannot distinguish PLAY from gen-
eral excitement or SEEKING. Consequently, even a well-designed
PLAY VE cannot be adequately validated with existing measures,
highlighting a fundamental methodological gap that necessitates a
multi-modal, triangulated approach.

2.4 The Research Gap
Prior work fails to elicit PLAY due to three interrelated gaps: di-
mensional framing cannot distinguish PLAY from other positive
high-arousal states; existing affective VEs lack the behavioural af-
fordances PLAY requires; and no state-level PLAY instrument exists.
The convergence of these problems means targeted PLAY elicita-
tion cannot be achieved by environments designed only to induce
general positive affect.

3 Research Questions
Problem Statement:

• Despite the therapeutic potential of PLAY and the estab-
lished efficacy of VR as an emotion elicitation medium, it is
unknown whether a Virtual Environment can be designed
to specifically elicit the PLAY system.

Primary Research Question:

(RQ1): To what extent do our virtual environments specifically
designed to target PLAY successfully elicit this primary-
process system?

Secondary Research Questions:

(RQ2): What design elements are required to afford PLAY behaviours
(reciprocity, role reversal, non-serious engagement) in VR?

(RQ3): Can triangulation of self-report, physiological, and behavioural
measures infer state-level PLAY activation?

4 Methodology
This methodology tests whether the Panksepp’s [39] PLAY emotion
was elicited through an affective VE. In a between-subject design,
participants will experience one of three affective VEs, all aiming
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to elicit PLAY and designed independently by each author. How-
ever, the VEs are constrained by a shared design protocol which
standardises evaluation criteria and mitigates confounds. Prior to
the affective VE experience, participants will be guided through an
emotionally-neutral VE which acts as a tutorial for navigating a
VE. During this, their physiological measures will be recorded and
upon completing the tutorial, subjective measures will be taken,
which together captures their baseline measures. However, since
the tutorial VE is not socially-charged, a baseline social presence is
undefined and as such, no baseline social presence measures will be
taken. Beyond baseline measures, the tutorial VE mitigates the nov-
elty effect of VR which could have skewed results [44]. Participants
will be randomly assigned to one affective VE in groups of 30 (n =
90 total). During the affective experience, physiological measures
will be recorded. Post-experience, subjective measures will too be
taken. A between-subject design was chosen over a within-subject
design to control for the carryover effect [31] and potential fatigue
from repeated VE experiences.

4.1 Adapted Affective VE Design Framework
Panksepp described the human emotion system as a three-tier hi-
erarchy [39]. At the lowest level is the primary emotional system,
including the Pankseppian emotions. Sitting above, is the secondary
system which includes learned associations between external stim-
uli and primary emotions. Lastly, at the highest level is the tertiary
emotional system which involves reflective thinking and rumina-
tion.

Panksepp [39] found a bidirectional relationship between these
levels. Upon the primary system’s activation, it cascades up, trig-
gering the secondary and tertiary levels. The reverse exists as well,
whereby activations at a higher level cascade down, triggering all
levels beneath. With this dual cascade, once any level activates,
all levels will follow suit. This provides us with multiple routes
via which the primary emotion PLAY can be activated. Route one
involves the direct activation of the system as a result of the present
circumstance. Route two speaks to the secondary layer being trig-
gered and causing the primary level to activate as well. Lastly, route
three is whereby the tertiary level is activated, triggering both the
secondary and primary levels as a result. This is visually depicted
in Figure 2.

PLAY’s direct elicitation requires social-physical contact with
another living being [42], which is not possible in a VE and rules
out route one. During PLAY, one is not reflecting or thinking deeply,
but making instinctual responses to the rapidly changing environ-
ment [42]. Therefore, PLAY cannot be elicited via route three which
requires reflective thinking. However, the learned associations re-
quired to activate the secondary layer in route two, can be included
in a VE as assets. Hence, for our purposes we will use route two to
elicit PLAY by activating the secondary level.

Section 2.2 outlined the generic affective VE design protocol
proposed by Dozio et al. [16]. However, this framework selects
design elements with specific valence, arousal and dominance (VAD)
levels where the cumulative selections average to the VAD levels of
the target emotion. This framework was designed for the cortical,
DimensionalModel of Emotions, whichwould suggest that it cannot
measure the subcortical Pankseppian emotions. However, according

Tertiary Emotional System
Reflective thinking, rumination

Secondary Emotional System
Learned associations between external stimuli and primary

emotions

Primary Emotional System
Pankseppian emotions, including PLAY

Bottom-up cascade Top-down cascade

Bottom-up cascade Top-down cascade

Route 1
Present circumstance

directly activates
PLAY

Route 2
Stimulus association
activates secondary

level

Route 3
Reflection or

rumination activates
tertiary level

direct activation

entry point

entry point

Figure 2: Emotion system hierarchy, adapted from Panksepp
[39]

to Panksepp’s hierarchy, these models exist at the tertiary level and
according to the bidirectional nature of his hierarchy, upon PLAY
being triggered it will eventually cascade up to the tertiary level.
Therefore, the Dimensional Models can capture elicitations of PLAY,
just indirectly. Therefore, we can use the framework outlined by
Dozio et al. [16] in our PLAY-specific VEs.

To use said framework, wemustmap PLAY into its corresponding
VAD levels. PLAY is defined as a fast-paced, highly pleasurable
series of back-and-forth interactions. From this, we can see that
PLAY is high valence and high arousal. For dominance, in a social
setting, it refers to control over the environment. In the back-and-
forth sequence of PLAY, each player’s action alters how others
can respond and their responses in turn reshape the action space.
Every player therefore continuously influences the environment,
hence we classify PLAY as high dominance. To provide quantitative
figures to what “high” means, we will use the discretised interval
of -1 to 1 into three equal sub-intervals to represent low, medium
and high, as done in prior research [25] which is shown in Figure
3. This provides us with a target valence, arousal and dominance
intervals of [0.33,1] each.

-1 -0.33 0 0.33 1

Medium

Low High

Figure 3: Categorisation of low, medium, and high values
across the standardised scale [25]

However, the VAD model this framework relies on is not capable
of capturing PLAY entirely. All Pankseppian emotions relate to
concrete circumstances, such engaging in social-physical touch
[39], whereas the VAD model relies on cumulative VAD scores
based on a semantic, overall mood. To adjust for this discrepancy,
we extend Dozio et al.’s [16] framework with an affective framing
component which encapsulates this concrete circumstance. The
basis on which the affective framing is developed must relate to
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Figure 4: Pankseppian affective VE design framework
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Figure 5: The decomposition of PLAY into its qualitative and
VAD components

the qualitative aspect of the Pankseppian emotion which makes
it unique. Therefore, we will include a qualitative aspect in our
decomposition of the emotion’s definition. The full decomposition
is shown in Figure 5.

Moreover, we must optimise our design for triggering PLAY at
the secondary level. To activate this level, participants must be
presented with the associated stimulus in a form that is very similar
to that of the original conditioning stimulus [39]. This necessity for
something to “feel real” speaks to the need to optimise presence.
Presence can be decomposed into immersion, agency, affective con-
tent quality and uniformity of experience [1, 13, 19, 47]. At distinct
sections in our VE design, we can optimise certain subcomponents.
The affective content quality must be optimised with the affective
framing [47]. The visual elements from the semantic and sensory
sections must be uniform such that uniformity of experience is
maximised [13, 19]. The interactive component must ensure strong
agency [1]. Lastly, the VE setup equipment must be high quality to
optimise immersion [1]. With these additions to Dozio et al.’s [16]
framework, we have developed a Pankseppian affective VE design
framework, which is shown in Figure 4.

4.2 VE Design for the PLAY Emotion
All three independent, affective VEs will be designed using the
framework described in Figure 4, where each component, except
olfactory, must be included. This exclusion is because olfactory
stimulation has inconclusive findings regarding being able to mod-
ulate VAD levels [34, 51]. Each VE will follow the same definition
decomposition of PLAY, being VAD scores in the interval [0.33,1]
and the qualitative aspect being a social and reciprocal nature. The
affective framing must account for this qualitative aspect, and the
remainder of the design process must account for the target VAD
levels across all three VEs. However, the specific design choices are

up to that specific author’s discretion. Additionally, all VEs must
maximise presence, by maximising the presence-subcomponents at
the stages shown in Figure 4.

Further, all authors must use the same source for the VAD ratings
of the design elements. We will use the International Affective
Picture System [6] for the semantic and visual elements, and the
International Affective Digitised Sound System [4] for the auditory
elements which contain specific VAD ratings for images and sounds.

Lastly, in this study we will employ a user-centred VE design
process. The basic user needs are navigability, no cyber-sickness
and emotion induction. Each VEwill be designed to ensure these are
met. The VEs will undergo a heuristic evaluation using heuristics
developed by Sutcliffe andGault [59]. Following necessary revisions,
pilot studies of 5 participants per VE will take place (n = 15). Using
this feedback, final revisions to the VEs will be made before main
data collection occurs.

4.2.1 Snowball Rally VE. This VE design places the participant in
a snowball rally scene whereby they throw snowballs at an non-
playable character (NPC) and the NPC throws snowballs back at
them. The scene is depicted in a backyard on a sunny, Winter’s day.
The NPC throws snowballs with varying speeds and frequencies
during the experience. This triggers route two as snowball fights
are associated with PLAY. The specifics are shown in Figures 6 and
7.

4.2.2 Tug of war VE. In this VE the participant will be in a park
on a sunny day taking part in a tug of war game. They will be
interacting with the opposing team by tugging on a rope with
varying force. This will trigger the secondary level as tug of war is
a familiar playful childhood game with some friendly competition.
The specifics are shown in Figures 9 and 8.

4.2.3 Apple Interaction VE. This VE design places the participant
in a stylised, natural environment centred around a single climbable
tree, where they interact with a squirrel-like NPC using apple-like
objects or baskets. The participant and NPC can freely pick up and
throw these objects, with no predefined goals or scoring system.
The NPC shows responsive and initiating behaviours, enabling
reciprocal interaction. The design avoids task-oriented structures,
instead encouraging emergent PLAY through more open-ended,
shared interaction within the environment. The specifics are shown
in Figures 10 and 11.
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(a) Image 1 (b) Image 2 (c) Image 3

Figure 7: Snowball rally VE
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Figure 8: Tug of War VE Design

4.2.4 Baseline VE. The baseline virtual environment serves as a
neutral tutorial space shared across all conditions. It consists of
a simple environment with minimal visual complexity, allowing
participants to become familiar with basic controls and interactions
such as navigation and object manipulation.

4.3 Evaluation
Our evaluation of each VE involves determining the extent to which
it elicited PLAY. To capture this, we will refer to our decomposition
of PLAY into its VAD levels and qualitative components. For the
VAD levels, we will need to measure the actual felt VAD levels in
the participants and compare it to the interval of [0.33,1] which we
assigned to PLAY in Section 4.1. To measure this, we will use the
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Figure 9: Tug of War VE

Semantic
Forest, Fun, Nature,

Play

Dynamism
Role reversal: one climbs the

tree and tosses down the
apples, the other catches them.

Interactive
User interacts with the apples

(picking up or tossing), the tree
(climbing), or basket (holding).

Arousal:
High

Valence:
High

Dominance:
High

PLAY
Affective Framing
Two players picking

apples.

Visual: Green grass and trees, blue skies
with big white clouds. Yellow and bright

pastel colors. Smooth, fluffy, or soft textures.

Auditory: Fast music tempo. High-pitched
staccato sound effects (boings, pings, bubble

pops). Virtual agent giggling.

Tactile: Rumble feedback for manual
interactions

V: High
A: High
D:High

Social,
Reciprocal

Figure 10: Apple interaction VE design

(a) Image 1 (b) Image 2 (c) Image 3

Figure 11: Apple interaction VE

Self-Assessment Manikin (SAM) questionnaire [5] which is able
to quantify the experienced VAD levels. Additionally, we will use
both Galvanic Skin Response (GSR) and Electrocardiogram (ECG)
measures to capture experienced arousal levels. To capture the
joyous, high valence aspect, we will use the Positive and Negative
Affect Scale (PANAS-X) questionnaire Joviality subscale [61] which
will allow us to determine if the participant experienced joyful,
high valence, affective states.

Regarding the social aspect, we will employ a combination of the
perceived co-presence and social presence subscales developed by
Nowak and Biocca [38]. These questionnaires capture the extent to
which participants felt they were in a true social interaction with

the NPC. Additionally, since presence is linked to the intensity of
an emotion’s elicitation in an affective VE [47], we will measure
the presence felt using the iGroup Presence Questionnaire (IPQ)
[50]. Lastly, we will consider reciprocity by counting the number
of events which indicate PLAY, over time. In the last 2 minutes
of each VE, the NPC will gradually reduce interaction and if the
participant’s PLAY events decrease as well we can say the reciprocal
nature of PLAY was captured. A summary of these measures is
shown in Table 1 and in Figure 12.
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Table 1: Affective VE measurements

Measure Type Captures

Self-Assessment Manikin Subjective Valence, Arousal, Dominance
Positive and Negative Affect Schedule Joviality Subscale Subjective Levels of joy
iGroup Presence Questionnaire Subjective Presence
Perceived Co-Presence and Social Presence Subscales Subjective Social presence
Galvanic Skin Response Physiological Arousal levels
Electrocardiogram Physiological Arousal levels
PLAY Event: Snowball Rally VE Behavioural Number of snowballs thrown per minute
PLAY Event: Tug of War VE Behavioural Number of tugs per minute
PLAY Event: Apple Interaction VE Behavioural Number of object interactions per minute

VAD

Qualitative

Valence: High
Arousal: High

Dominance: High

Reciprocal Nature

Social Aspect

PANAS-X
SAM

Perceived Co-Presence
Social Presence

GSR
ECG

PLAY Event Frequency

Key:
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Figure 12: Evaluation process for PLAY VEs

Table 2: Experimental procedure overview

Activity Duration Notes

Participant Recruitment N/A Done prior to experiment, detailed in Section 4.4
Participant Arrival and Consent Form 10 min Participants may ask any questions
VE Setup and Sensor Stabilisation 10 min HMD fitted, sensors attached
Baseline VE 5 min GSR and ECG measures recorded throughout
Subjective Questionnaires 15 min IPQ, SAM, PANAS-X questionnaires taken
Affective VE 7 min GSR and ECG measures recorded throughout
Subjective Questionnaires 20 min IPQ, Social Presence, Co-presence, SAM, PANAS-X questionnaires taken
Debrief 5 min Participant may leave if deemed well enough

4.4 Participants
To determine the sample size necessary, we conducted a power test
using a medium effect size of 0.5 for a priori t-tests with an alpha
of 0.05 and a power of 0.80 in G Power [17]. In the absence of prior
PLAY-specific affective VE literature, we assume a medium effect
size of 0.5 [11]. This indicated a minimum of 27 participants per
VE which we have rounded up to 30, meaning 90 participants are
required. We will recruit participants through the University of
Cape Town’s Research Recruitment Emailing List. For our study,
no inclusion criteria are in place, and we will record age, prior VR
experience and the fields relevant for the exclusion criteria during
recruitment. Our participant exclusion criteria spans over exist-
ing psychiatric disorders, chronic stimulant use, a score of above

14 on the Beck Depression Inventory (BDI) [2] and a history of
motion-sickness. Existing psychiatric disorders influence emotional
reactivity [53], which may skew our findings for efficacy of emotion
elicitation. Further, the use of stimulant-medications and depres-
sion, as indicated with scores of 20 or above on the BDI [2], have
been shown to reduce expressions of social play which hinders
our VEs ability to elicit PLAY [33, 42]. Cyber-sickness during VR
experiences impacts the reported efficacy of affective VEs, and a
history of motion-sickness is indicative of a higher probability in
experiencing cyber-sickness [45]. Approval from the University of
Cape Town Ethics Committee will be needed in order for the study
to be carried out.
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4.5 Procedure
In this section, we will detail the procedure to practically implement
this study across the pre-session, during session and post-session
phases. The full details are summarised in Table 2

From Table 2, the estimated total time per participant sums
to around 72 minutes. A staggering approach will be followed,
whereby the next participant arrives 10 minutes before the current
participant’s session ends, during which they complete the consent
portion and are moved into the laboratory as the current partic-
ipant transitions to debrief. Experiments will run from 09h00 to
15h30 allowing for 5 experiments to be conducted each day over a
period of 18 days. This procedure assumes a single VR-equipped lab
and two experimenters conducting sessions. If additional resources
are available, sessions may be conducted in parallel allowing for a
reduction in the main data collection time. Participants will be as-
signed to VEs using stratified random allocation, with stratification
across days of data collection to ensure balanced VE representation
across the data collection period. Further, to minimise experimenter
effects, experimenters will be randomly assigned to sessions and
will follow standardised scripts [10]. If the experimenter observes
substantial signs of distress during the VE experience, they may
intervene and end the experience early. The participant may also
request for the experience to be ended early and may withdraw at
any stage in the experience. If they do withdraw early, their data
will be excluded from the study.

4.6 Data Analysis Plan
This section describes how data will be pre-processed, analysed
and used to establish what counts as a successful elicitation of the
PLAY emotion. In this study, the primary analyses cover per-VE
analysis focusing on validation according to Dozio et al.’s [16]
affective VE, hence focusing on the VAD measures. The secondary
analyses involve those validating our addition to Dozio et al.’s [16],
being the qualitative aspect. The specific measures for both the
VAD component and qualitative component are outlined in Figure
12.

Measuring presence via the IPQ acts as an explanatory factor in
the event that the necessary conditions are not met, as low presence
can significantly impact the success of eliciting an emotion [8].

In terms of data pre-processing, the IPQ, co-presence subscale
and social presence subscale measures will undergo reverse-coding,
followed by all subjective questionnaire data being averaged ac-
cording to its respective Likert scale. The GSR and ECG data will be
baseline corrected. The behavioural data will be gathered via plot-
ting incidents of PLAY, according to each VE’s PLAY signifier, over
the duration of the VE experience. This will be manually counted
via reviewing the screen-recordings of each VE experience.

In our subjective data analyses, average scores will need to be
classified as low, medium or high. This requires us to define thresh-
old scores. We will classify scores according to thirds, where the
upper third starting point is the threshold for a "high" score. This is
in line with prior dimensional model of emotions research [24, 32].

In our analyses, three tests will be employed:

(1) One-sample t-test for if the post-exposure scores are signifi-
cantly greater than the "high" threshold.

Run all tests

Are PLAY-
event/NPC

correlations also
significant?

Strong claim Successful elicitation

Is IPQ below
baseline?

PLAY not elicitedInconclusive as
presence failed

Yes No

Yes
No

No
Yes

Are necessary
conditions met?

YesNo

Are social
questionnaires
significant? 

Successful elicitation

Figure 13: Findings decision tree

(2) Paired t-test for if the post-exposure scores are significantly
greater than the baseline scores. This test will be one-tailed
as direction is predicted.

(3) Linear regression test for if PLAY events declined as NPC
became more subdued.

To account for family-wise error rates, the Holm-Bonferroni
correction across all primary tests will be applied for each VE. Nec-
essary conditions for claiming successful PLAY elicitation require
all metrics marked as primary in Table 3 to reach significance in
the predicted direction for their assigned tests.

The conditions for making a strong claim of successful PLAY
elicitation include significance found for all primary analyses, as
well as significant correlation in PLAY events and NPC action. How-
ever, if the necessary conditions are not met and the post-exposure
mean scores for the IPQ are significantly lower than that of the
baseline then the results will be classified as inconclusive. Note that
we will use an alpha of 5% for all tests. The decision tree is shown
in Figure 13.

5 Ethical, Professional, and Legal Issues
Informed consent will be obtained prior to any involvement. Par-
ticipants will receive a consent form outlining VR-related risks, the
general methodology, demographic information to be collected as
outlined in Section 4.4 and their right to withdraw without conse-
quence. The specific emotion under investigation, PLAY, will not
be disclosed, as prior knowledge could introduce response bias and
compromise validity.

Key VR risks include cybersickness (nausea and oculomotor
symptoms) and post-exposure fatigue [55]. Individual susceptibility
varies, specifically correlating with prior histories of migraines
or motion sickness [45]. To mitigate this, environments will be
designed with cybersickness reduction as a core consideration.
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Table 3: Summary of measurement metrics

Metric Type Tests/s Primary/Secondary Necessary
Condition

SAM (each dimension) Subjective 1, 2 Primary ✓

PANAS-X Joviality Subscale Subjective 1, 2 Primary ✓

GSR Physiological 1, 2 Primary ✓

ECG Physiological 1, 2 Primary ✓

Perceived Co-Presence and Social
Presence Subscales

Subjective 1 Secondary ✗

PLAY-events Behavioural 3 Secondary ✗

IPQ Subjective 1, 2 Explanatory ✗

Table 4: Risk analysis table

Risk Description Probability Mitigation Strategy

Affective measurement noise High Participants may experience multiple emotional states si-
multaneously. Baseline VE exposure will be used to isolate
the specific affective shift caused by the target VE.

Novelty effect Medium Participants will complete a tutorial to reduce excitement
during exposure to VEs.

Ethics approval delay Low Submit the ethics approval application at least 8 weeks prior
to data collection. Maintain a flexible recruitment schedule
to account for potential administrative backlog.

Cybersickness Medium Adhere to design principles. Have a dedicated stop word and
a safe procedure for removal of devices from the participant.

Table 5: Project resources by phase and availability

Phase Resource Status

Development of VE

Game Engine (Unity) Ready
3D Modelling Software Ready
Version Control Software (GitHub) Ready
Affective Assets Ready
Controller Ready
Head-Mounted Display Ready

Data Collection

30 Participants per VE Pending
Controller Ready
Virtual Environments Pending
Head-Mounted Display Ready
Ambulatory Monitoring System (VU-AMS) Ready
Questionnaires: PANAS-X, SAM, Co-presence, Social Presence, IPQ Ready

Data Analysis

CoreLab Ready
Kubios HRV Ready
R Studio Ready
Taguette Ready
Matplotlib Ready

Controlling for display resolution (2K), latency (below 20ms), frame
rate (above 70fps), and sparing use of environmental motion [56].

All participant data will be stored securely on ZivaHub (Open
Data UCT) for five years, with access restricted to the supervisor,
second reader, and team members. Data collection, storage, and
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My Team Project timeline

2026/03/23 2026/03/231 Literature review

2026/04/24 2026/04/242 Project proposal dry run

2026/04/27 2026/04/273 Submission of project proposal draft

2026/05/05 2026/05/054 Submission of project proposal

2026/05/11 2026/05/115 Submit ethics application

2026/05/01 2026/07/26 87d6 Coding

2026/07/20 2026/07/23 4d7 Pilot study

2026/07/24 2026/07/27 4d8 Fixing any issues

2026/07/27 2026/07/279 Project progress demonstration

2026/07/27 2026/08/13 18d10 Data collection

2026/08/10 2026/08/1011 Submission of project paper scaffold

2026/08/14 2026/08/28 15d12 Write up

2026/08/24 2026/08/2413 Submission of project paper draft

2026/09/04 2026/09/0414 Submission of final paper

2026/09/14 2026/09/1415 Submission of final code

2026/09/16 2026/09/21 5d 1h16 Final Project demonstration

2026/09/28 2026/09/2817 Poster due

2026/10/05 2026/10/0518 Website due

2026 2027
Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Literature review

Project proposal dry run

Submission of project proposal draft

Submission of project proposal

Submit ethics application

Coding

Pilot study

Fixing any issues

Project progress demonstration

Data collection

Submission of project paper scaffold

Write up

Submission of project paper draft

Submission of final paper

Submission of final code

Final Project demonstration

Poster due

Website due

Task name Start date End date Duration

2026/03/23 2026/10/05 196d

Figure 14: Gantt chart of project milestones

processing will comply with the Protection of Personal Information
Act (POPIA) and ACM Code of Ethics. Intellectual property will be
owned by the University of Cape Town (UCT) in accordance with
its Intellectual Property Policy. Upon completion, anonymised data
may be shared publicly, under a CC BY licence.

6 Project plan
6.1 Risks
Table 4 summarises the key risks associated with our project and
the mitigation strategy for each risk.

6.2 Resources
In order to complete the project successfully, the resources required
for each stage are summarised in Table 5.

6.3 Milestones and deliverables
The key milestones and deliverables for this project are summarised
by the Gantt chart in Figure 14.

7 Anticipated Outcomes
We hope to make contributions to affective computing in the fol-
lowing ways:

(1) Establish that Panksepp’s primary-process emotions can be
targeted through systematic mapping to Valence-Arousal-
Dominance (VAD) levels.

(2) Successfully elicit the PLAY emotion within a controlled
virtual environment.

(3) Apply and validate Nowak and Biocca frameworks to assess
reciprocity and social co-presence within the context of the
PLAY system.

(4) Establish a triangulated measurement model that efficiently
detects real-time, state-level PLAY activation.

8 GenAI declaration
Generative Artificial Intelligence tools (Claude, Gemini) were used
in order to generate prototype storyboard images and for proof read-
ing of the document . The images served as conceptual illustrations
only and do not represent the final implemented environments.
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