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Figure 1: Visual [51] and tactile perception with "Bouba" and "Kiki" features.

ABSTRACT

With the proliferation of shape-change research in affective comput-
ing, there is a need to deepen understandings of affective responses
to shape-change display. Little research has focused on affective
reactions to tactile experiences in shape-change, particularly in the
absence of visual information. It is also rare to study response to
the shape-change as it unfolds, isolated from a final shape-change
outcome. We report on two studies on touch-affect associations, us-
ing the crossmodal "Bouba-Kiki" paradigm, to understand affective
responses to shape-change as it unfolds. We investigate experiences
with a shape-change gadget, as it moves between rounded ("Bouba")
and spiky ("Kiki") forms. We capture affective responses via the
circumplex model, and use a motion analysis approach to under-
stand the certainty of these responses. We find that touch-affect
associations are influenced by both the size and the frequency of the
shape-change and may be modality-dependent, and that certainty
in affective associations is influenced by association-consistency.
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1 INTRODUCTION

Shape-change is increasingly relevant in affective interaction re-
search [2, 65], with potential application areas for affective aspects
of shape-change including therapeutics and social robotics where
it has been demonstrated that shape-change functions can broaden
communication capabilities [11, 20, 31]. As shape-change research
expands and as applications proliferate, there is thus a real need to
increase our understanding of affective responses to shape-change.

However, a recent paper on “grand challenges” in shape-change
research has pointed to barriers to understanding affective re-
sponses in existing approaches to the study of shape-change [2].
The authors point out that while previous work has linked shape-
change to the experience of particular feelings, this work has often
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failed to isolate particular factors and outcomes during the experi-
ence. They call for greater attention to “shape-change as it unfolds”,
and to the isolation of particular factors in the shape change expe-
rience. In particular they point to the difficulty in isolating effects
of different modalities (e.g. visual, haptic), and the fact that under-
standing of the value introduced by non-visual changes is necessary
to justify the cost and complexity of shape changing interfaces. In
much work to date, even where the importance of tactile properties
is emphasised, experiments have remained restricted to the visual
modality (often for practical reasons, e.g. [65, 68]). Even in cases
which focus on tactile effects, these are generally not isolated from
visual experience. Isolating the effects of tactile and visual features
of shape change is important both due to the dominance of the
visual sense in multisensory experience [2, 45], and due to the need
to understand interactions in the absence of vision - for example
in eyes-free information display [32, 72], or in designing for pop-
ulations with impaired or absent vision [54]. A more systematic
approach to the effect of shape-change on affective response can
address these issues, and help us to “develop a language which
supports the articulation of properties, experiences, or sensations”
in product design [2].

In this paper we introduce concepts and methods from psychol-
ogy to help understand tactile experiences of shape-change in a
systematic manner. We ground our work in theories of crossmodal
interaction [34] and introduce methodologies from recent psychol-
ogy on the analysis of mouse-trajectories to understand certainty
in decisions and attributions [24]. Crossmodal interaction describes
the phenomenon where perception in one sensory modality influ-
ences perception in other sensory modalities. One of the most well-
known and well-investigated phenomena in this area centres on
the so-called Bouba/Kiki paradigm [51]. In this phenomenon when
presented with rounded and jagged 2D shapes, participants consis-
tently associate the rounded shape with the arbitrary sound ‘Bouba’
and the jagged shape with the arbitrary word ‘Kiki’. Later studies
have shown that this crossmodal effect can occur across vision, au-
dition, touch, and olfactory and that it even occurs at amodel levels
such as semantics and emotions [33, 39, 52]. Previous work has also
shown that haptic perception of tangible ‘Bouba’ and ‘Kiki’-like
shapes can be attributed to particular emotional categories, where
jagged shapes tend to be high arousal, and rounded shapes with
calmer affects [42]. In another study, touch sensations on similar
Bouba/Kiki tangible 3D shapes were found to be associated with
levels of visual brightness, and to share the same affective valence
[38]. We build on this line of research using the same Bouba/Kiki
paradigm to extend understandings of touch-shape association, fo-
cusing on both affective responses to the process of shape-change
as it unfolds, and the certainty of these responses.

To the best of our knowledge previous work has not investigated
certainty of affective responses to shape-changing stimuli. It seems
reasonable that speed or size of change may affect certainty, either
due to the way these features affect the intensity of the sensation, or
due to the way they interact with limitations in sensory processing.
To understand the level of certainty in our user’s attributions of
affect we build on another well established paradigm in psychology
- the analysis of mouse movements when making choices and at-
tributions to provide a window on underlying cognitive processes.
Grounded in Spivey’s work on dynamical aspects of cognition [24],
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a large body of work in psychology has investigated the way cog-
nitive processes unfold in time and leave traces in overt movement
behaviour, in particular during decision and attribution tasks [5].
In recent years this work has passed over into application research
and researchers in affective computing and elsewhere have applied
the infer uncertainty and emotion [70].

We develop two experiments studying affective responses to
shape-change as it unfolds. The first of these focuses on the size
of shape-change stimuli, and the second on its frequency. In both
experiments participants touch a palm-sized shape-change gadget
which we developed for these experiments. This gadget can present
both jagged (Kiki-like) and rounded (Bouba-like) touch-stimuli, and
change continuously between the two. Participants touched this
object, which was concealed to avoid presenting a visual stimulus,
as it transformed between Bouba-like and Kiki-like states, then
reported their affective responses on a Circumplex Model [57], us-
ing a methodology which supported the analysis of certainty in
movement behaviour, as introduced above. Study 1 aimed to repli-
cate the touch-affect associations identified in previous research
[38, 42] with the same Bouba/Kiki paradigm and to study the ef-
fect of shape-change size on touch-emotion association and the
certainty of these associations. Study 2 built on the foundation of
study 1, to investigate the effect of shape-change frequency, again
focusing on touch-affect associations and the certainty of these
associations. Our work makes the following contributions:

e We introduce a systematic approach to affective response
to shape-change, grounded in the established Bouba/Kiki
paradigm, building directly on prior work on 2D and 3D
crossmodal associations.

e We focus on tactile experience of shape-change as it unfolds,
rather than the the final product of shape change.

e We introduce into shape-change research a mouse trajectory
analysis paradigm from psychology to help us understand
certainty in reporting on touch-affect associations.

e Where most previous work has focused on shape-change in
a more-or-less holistic manner, our research isolates atten-
tion on touch-affect associations, avoiding confounds from
other sensory information, such as visual stimuli and facial
expressions [23, 31].

2 BACKGROUND

2.1 Shape-change and emotions

Understanding users’ emotional responses has been identified as
an important issue for the design of shape-change display, yet
little research has engaged with this question [2, 65]. Pedersen
et al. [48] studied shape-changing handheld devices rendered in
videos, in which shape-change parameters such as area, curvature,
amplitude, speed etc. were manipulated to convey emotions. Par-
ticipants watched videos and evaluated hedonic and pragmatic
qualities of shape-change. They found that the level of change had
a strong impact on experience and an indication of urgency; and
that smaller shape changes conveyed a nicer experience than larger
shape changes. A recent research with a foucs on deformable device
adopted a similar method, and provided further evidence showing
that the direction of bending and convexity associated with emo-
tional valence [37]. Strohmeier et al. [65] explored shape-change
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parameters and how these can be used for conveying emotions.
In their study, a flexible surface equipped with flex-sensor arrays
was designed to record shape changes. Participants were asked to
produced shapes with this surface for 12 emotions. Results showed
that “U”shape were often used to express contentment, delight and
happiness, while a flat shape were often used to convey boredom
and calmness. They also found in a further study that participants
had a less agreement in interpreting those emotions. Tan et al. [66]
explored affective responses on biological motions performed by a
shape-change interface which was actuated by mechanical motors.
Participants in this study observed (or observed and touched) a
shape-changing interface conveying six basic emotions with mo-
tions, as well as 36 motions. Participants were asked to identify the
emotion among six basic emotional list in one case, and in another
case reflected on valence, arousal and dominance emotions. Their
results showed that up-down and flat-leaning motion indicated
positive-negative valence, and velocity positively correlated with
valence, arousal and dominance. van Oosterhout et al. [68] com-
pared visual feedback, force feedback, and a combination of force
feedback and shape change. Results indicate that force feedback cor-
relates to experienced dominance during interaction, while shape
change mainly affects experienced arousal.

In general, research in shape-change and emotions employed two
classes of emotion frameworks: categorical emotional frameworks
and consistent dimensional frameworks [48, 65, 66].

Early emotion research identified six basic facial emotion fami-
lies: anger, fear, joy, surprise, sadness, disgust [18, 44], which can be
used to classify emotions as clusters, and to build up more complex
emotions. However, categorical frameworks appeared to be insuf-
ficient in capturing and classifying complex emotional responses
to shape-change features [13]. One of the best-known models for
measuring emotions has suggested looking at emotions in terms of
two dimensions: valence (i.e., positive and negative) and arousal
(i.e., high and low) [36]. This model provides a simplified view of the
circumplex model [6] by just focusing on the extremes (i.e., valence
and arousal axes) [33], overcoming biases related to the introspec-
tive verbalization of emotions in self-report measurements. The
emotion dimensions are also best captured with the Self-Assessment
Manikin (SAM) [21], an affective rating system that not only in-
cludes valence and arousal but also a third dimension, dominance
(the feeling of being in control or controlled). To assess those dimen-
sions, the SAM uses graphic figures depicting the different values
on the scale that indicate the emotional reactions. This system al-
low us to understand emotions along basic emotional dimensions,
which represent more comprehensive emotions that are too much
and too difficult to categorise with discrete emotional framework.
(13]

In HCI and cognitive sciences we can find databases of stan-
dardized stimuli eliciting specific emotional reactions, however the
stimuli used are always unimodal (e.g., auditory [55], visual [35],
or haptic [43]) and only recently a database was extended to multi-
modal emotional stimuli [25] but not with concurrent presentation.
There has been recent work that examined the impact of concur-
rent sensory presentation on emotion. For example, Akshita et al.
explored how emotional cues presented in visual and haptic modal-
ities interact and showed that the presence of a haptic stimulus
affects the arousal of the visual stimulus without affecting valence

CHI ’22, April 29-May 5, 2022, New Orleans, LA, USA

[1]. Focus on specific sensory modalities could help untangle the
challenges outlined in shape-change research around emotions and
the need to isolate effects of different modalities. Here, because emo-
tions are primarily elicited by stimuli received by our senses [27].
The impact of sensory modalities on emotions seem to be explained
mainly by the emotional congruency effect (the so-called emotional
crossmodal transfer [39]), amplifying an emotional reaction when
two or more sensory stimuli are in the same emotional domain (e.g.,
same valance or same arousal). The present work contributes to
extending this particular line of research by bringing in a focus on
crossmodal interaction as an organising framework for assessing
the emotion elicited by shape-change.

2.2 Crossmodal interaction

The study of crossmodal interaction is concerned with understand-
ing how the signals we receive through one sense can influence how
we perceive and interpret signals received through another sense
[60]. As a basic example, consider our ability to associate the sound
of a voice with the right speaker by, among other things, matching
sounds to lip movements and spatial orientation. At a more fun-
damental level, research on crossmodal cognition has unravelled
varied and deeper crossmodal interactions between the senses; e.g.
that odours shift visuo-spatial attention [56], that colours influence
flavour perception [49], and that pitch shifts perceptions of size and
spatial position [7]. The terms congruence or crossmodal correspon-
dences are often used to refer to these non-arbitrary associations
that seem to exist across senses, and to be present across age groups
[40] and cultures [9].

A particular class of crossmodal interactions are crossmodal cor-
respondences (CCs) or associations. These refer to the non-arbitrary
perceptual associations of stimulus features both within and across
senses. In many cases, these associations arise from the natural
correlations of physical properties [19]. For example, while large
objects resonate at lower frequencies upon impact, small objects
resonate with higher frequencies, leading to perceptual associa-
tions between visual size and auditory pitch [47]. However, some
crossmodal associations appear more abstract and can be less easily
explained by physical feature characteristics of the environment.
The Bouba/Kiki crossmodal paradigm is an illustrations of this ab-
stract level of association and attribution. For example, when asked
to associate the names “baluma” and “takete” with two visually
presented 2D shapes, one round and bulbous, the other angular
and jagged, the vast majority of people will associates the round
shape with “baluma” and the angular shape with “takete” [34] (more
commonly, the “Bouba/Kiki” effect [51]). Despite this seemingly
arbitrary coupling of visual shapes and auditory sounds, humans
tend to associate these features at rates far above chance level. In
fact, sound symbolism is extremely prevalent in many different
languages, cultures and across different age ranges, with children
exhibiting similar association preferences as adults [40]. Impor-
tantly, CCs have been repeatedly shown to enhance multisensory
perception and behaviour both in temporal and spatial domains
[46, 59].

Ideas of crossmodal interaction stem from advances in cognitive
neuroscience, specifically new understandings of brain plasticity
and sensory substitution, which refer to the brain’s capacity to
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replace the functions of a given sense with another [4]. However,
despite increasing capabilities of computing technology to sup-
port higher resolution sensory input and output, the application
of insights from crossmodal cognition is only beginning to emerge
in fields such as HCI. For instance, we now know that perceived
quality of touchscreen buttons is correlated with visual and audio-
tactile congruence [30] and that incongruent audio-visual displays
improve distance perception in virtual environments [22]. Further
work demonstrated that congruent audio-visual display produces
higher engagement in game play involving estimation of order and
spatial position [41]. Crossmodal effects between tangible and olfac-
tory stimuli and their relationship to emotional activation in chil-
dren have also been identified [42], which were then used to design
more inclusive crossmodal storytelling tools [14]. Furthermore, sen-
sory information conflicts have been shown to improve alignments
of physical and virtual objects [3], and correspondences between
3D printed hair-like structures and the perception of texture have
been explored demonstrating in this case that visual-haptic aug-
mentations enhance the users’ haptic perception in virtual reality
[16]. The use of metamaterials to create transformable textures on
3D printed objects showed that varying spike length allowed users
to perceive a larger set of material impressions [32]. This line of
work demonstrates the potential impact of crossmodal interaction
as a framework for guiding the design of interactive technology,
but this potential has not been fully explored in shape changing
displays, a gap we aim to contribute to addressing. Most recently
research focused specifically on replicating and transferring the
visuo-linguistic Bouba/Kiki crossmodal effect to haptic experiences
in the context of tangible 3D objects and emotion [38, 42]. This
line of work demonstrates the specific potential of a crossmodal
framework for the systematic study of affect in interactive technol-
ogy, but has focused on static tangible displays. We aim to extend
this line of research to the realm of dynamic shape changing dis-
plays in this paper with a particular focus on examining affect in
shape-change as it unfolds and on the potential of the analysis of
active user movement as a window into the process of emotional
attribution.

2.3 Movement during user response as a
window on uncertainty

A large and growing body of work demonstrates that patterns in
human movement can reveal dynamical aspects of cognition [24].
This work, often grounded in Spivey’s work on dynamical accounts
of cognition [62], investigates the way that cognitive processes un-
fold in time and leave traces in overt movement behaviour, driven
by competition between probabilistically weighted, cognitive and
sensory processes [5, 70]. It is now common practice in psychology
research to capture and analyse mouse cursor trajectories during
decision tasks, to observe traces left by cognitive processes. In
this methodology participants begin with their mouse on a central
point and then respond to a stimulus by moving their mouse cur-
sor towards the correct response. The endpoint of the movement
determines the participant’s response, and the trajectory of the
movement towards that response carries information regarding
the decision process underlying [24, 63]. Such work has demon-
strated that the psychological uncertainty underlying perceptual,
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Table 1: Independent variables for study 1

Manipulations Condition 1  Condition 2 Condition 3

Shape-change Size ~ Small
Shape-change Type Static

Medium Large
Dynamic - KBK Dynamic - BKB

cognitive, and emotional judgements is captured in the spatial and
temporal properties of motion paths [26, 70]. As the evidence base
for this effect has grown, the methodology has moved into applica-
tion research, with researchers applying the approach to capture
uncertainty and emotion in decision making — for example in af-
fective computing [70]. We follow this approach in our research,
using mouse cursor movement as a window on certainty in the
participant’s attribution of emotion.

While much early work in this area focused on the descriptive
geometric analysis of trajectories, recent work has acknowledged
limitations in this approach. Geometric analysis focuses on a trace
left by the movement, and discards much information about the
movement itself. It does not account for motor pauses, and can fail
to characterise the noisy, irregular nature of empirical movement
paths [10]. Many researchers now make use of kinematic features
instead, including the two features used in our study — velocity
peaks, and reversals along an axis, [5, 29, 70]. Velocity peaks have
been shown to reveal competition between multiple responses-
commitments (a description we can approximate in plain language
as “uncertainty” or “ambiguity” in choice) [17, 29]. Reversals along
an axis (or “x-flips”, “y-flips”) refers to the number of times the
mouse trajectory changes direction along a decision axis this - can
indicate more dramatic uncertainty and deliberation over time [15].

In the following sections, we present research details on how we
apply this technique to understand not only the touch-affect asso-
ciations with unfolding shape-changes, but the level of certainty of
those associations based on people’s tactile experiences.

3 STUDY 1: TACTILE PERCEPTION ON
SHAPE-CHANGE SIZE

Our first study aimed to explore the touch-affect association pro-
voked by tactile perceptions of shape-change as it unfolds. The
experiment was designed with two purposes. First: to replicate
previous results with static shapes, using a shape-change gadget,
to facilitate comparison between our results and previous work.
Second: to extend this prior work by investigating the effect of
movement between shapes, and the scale of this movement on
touch-affect associations. To address these aims, our study design
had two independent variables: Shape-change type and Shape-
change size (see table 1.)

The first independent variable, the Shape-change type has
three levels: first, static with no transformation between rounded
Bouba and sharp Kiki stimulus, and then two dynamic size trans-
formation conditions. The first of these, KBK, begins with a Kiki
stimulus, moving to a slightly larger Bouba stimulus and back to
Kiki again), the second dynamic condition is BKB: starting at the
larger Bouba stimulus, moving to Kiki and then back to Bouba.
Precise definitions of these movements are given below in the de-
scription of the gadget, and transitions are illustrated in Figure 2.
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The second variable — Shape-change size — has three conditions:
small, medium and large, which describe the size of the gadget
at the limit of its "Bouba" phase, and are defined precisely in our
description of the gadget below. This description also explains the
pneumatic actuation mechanism which we used to achieve the
shape-change behaviour.

Change|  Static Dynamic change
Size B-K-B K-B-K
Small
Medium
Large

Figure 2: Shape-change types and their transitions.

3.1 Apparatus

Shape-change gadget - Building on previous work which has used
the Bouba-Kiki paradigm to study multisensory interaction in HCI
[38,42], we developed a shape-changing tangible variant of a Bouba-
Kiki stimulus (Figure 3). This device was composed of two parts: a
rigid Kiki shell covering an elastic Bouba part. This was designed so
that the Bouba part could be inflated to protrude through apertures
in the Kiki shell and present a Bouba stimulus to the participant; or
deflated to present a Kiki stimuli. The Kiki part is a 3D printed, semi-
spherical, surface with fifteen spikes and fourteen apertures evenly
located on its convex surface. The Bouba part is a soft, inflatable,
silicon chamber contained within the Kiki surface. The Kiki part
was coated with the same silicon material as the Bouba chamber.
The transformation between Kiki and Bouba was performed by
pneumatic control of the air pressure in the elastic chamber (using
an SMC ITV0050-3BS regulator). By increasing air pressure in the
Bouba chamber, we were able to cause the Bouba to grow through
the fourteen apertures on the semi-spherical surface, presenting a
soft bouba stimulus to the participant. By reducing air pressure the
Bouba would recede, presenting the Kiki stimulus.

Figure 3: BK robot configuration. Part a is the rigid Kiki
spikes. Part b is the soft silicon chamber. Part c is the as-
sembled result.
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Using this gadget, we defined three size conditions which varied
the degree to which Bouba and Kiki stimuli were presented to the
participant at maximum inflation:

Small-size : the height of Boubas Hj, were equal or lower than
half of that of Kikis %Hk - when people put their hand on the
gadget, the perception of Kiki is more haptically dominant than
Bouba (Figure 4).

Medium-size: the height of Bouba H, were higher than that
of Kikis Hy and lower than %H % - when people put their hand on
the gadget, the perception of Kiki has equal saliency with that of
Bouba.

Large-size: the height of Bouba Hj, were equal or higher than
two times of Kikis’ 2Hj,- when people put their hand on the gadget,
the perception of Kiki is less dominant then Bouba.

In the static condition, the Bouba part of the gadget remains
fixed at these defined sizes. In the dynamic conditions, these sizes
define the maximum inflation of the Bouba part, at the limit of the
"Bouba" phase of shape change. At the limit of the "Kiki" phase of
shape-change, the Bouba part is completely deflated, presenting
only the Kiki stimulus to the participant. Again, these conditions
are illustrated in figure 4

i Wl

7 Hi

)

Hi <= Ho Hb < Hi < 3/2Ho Hi>=2Hy

Figure 4: Three sizes of the shape-change: small, medium
and large size. With a front-perspective, H, in blue denotes
the height of the spikes, Hy in red denotes the height of the
bubbles.

Isolating tactile experience - Our experimental setup was ar-
ranged so that the participants only had tactile access to the shape
change gadget, excluding confounds from other sensory informa-
tion. The BK gadget was contained inside a plywood container,
placed on participant’s non-dominant hand-side. The box had a
entrance allowing participants access to the device with their non-
dominant hand. The entrance of box was covered with cloth so that
participants can not see anything inside (Figure 5). Sound-blocking
ear protectors (3M H540A) were provided to participants to block
the sound from the pneumatic control.

Circumplex interface - Software displaying a circumplex model,
composed of valence and arousal dimensions was displayed on
Mac book pro, which was placed immediately in front of partic-
ipants (Figure 6 a). A red point at the origin of the axes marked
the neutral state, where affect is neither positive nor negative, nei-
ther high-arousal nor low-arousal. Participants were asked to move
their mouse cursor to the neutral state before touching the shape-
changing gadget. After each trial was complete they were asked



CHI ’22, April 29-May 5, 2022, New Orleans, LA, USA

setup photo.png

Figure 5: Experimental setup. a: participant, b: plywood
box with shape-change gadget inside, c: experimental pro-
gramme run on MacBook Pro, d: noise-cancelling ear mask,
e: experimental control panel.

to draw from the origin to an endpoint that indicated the affect
induced by the shape-change (Figure 6 b). This movement was cap-
tured by the system at 125hz. After each trial the circumplex was
cleared so that participants were not influenced by representation
of their previous actions.

| -

Figure 6: Circumplex interface. a: the circumplex interface
in the begining of each trial. b: participant sketch out affect
state of a shape-change process in one trial. c: a matlab plot
of nine trials of one participant. Black denotes small-size
trials, yellow denotes medium-size trials and blue denotes
large-size trials.

3.2 Participants

Fifty-four participants took part in the experiment (aged 22-38,
mean = 28.13, SD = 3.65). They were randomly allocated to three
groups: static group, KBK group and BKB group, with eighteen
participants in each group. All participants reported they were right-
handed, having no injuries in hands and arms, and having normal
sight (before or after correction). They were recruited through
authors’ institutions’ E-mailing lists and personal social media
contacts.
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3.3 Procedure and tasks

Participants were asked to explore the shape-change as it unfolds
with their non-dominant hand and reflect on their emotional re-
sponses along two dimensions of the circumplex model. Upon par-
ticipants’ arrival, an information sheet and a consent form were
provided to participants explaining the purpose of the experiment
and research ethics. Participants were told that the plywood box
to their left contained a palm-sized shape-change gadget. Before
the experiment began, the experimenter explained the circumplex
model, how it represented affect, and how they should record their
experiences on it. Participants were then asked to do a warm-up
practice with the Circumplex interface to familiarize themselves
with the system. They were allowed to practice until they felt com-
fortable with the interface. During each trial, participants placed
their hand into the box, and onto the shape-change gadget. The
shape-change procedure then began immediately, lasting around 5
seconds. At the end of the shape change the participants took their
hand out the box and, using the circumplex as described above,
responded to this question: feeling the process of the shape-change
with my hand made me feel... We adopted a mixed-subject design
to minimise the learning effect. In all three experimental groups
(static, KBK and BKB group), participants performed nine trials in
total: three shape-change sizes repeated three times. These trials
were randomised with a 3*3 Latin-square method.

3.4 Measurements

We collected three measures from the participants’ responses in
the trials — where they were asked to draw from the circumplex’s
origin, to an endpoint which captured their affective response. The
first of these measures was the end point - the final point of the
participant’s mouse trajectory (Figure 6). This measure had two
dimensions: valence and arousal, mapped to the x and y axes of
the circumplex respectively. As described above, the valence and
arousal axes ranged from 0-800. For valence 0 indicates the most
negative affect and 800 the most positive affect. For the arousal di-
mension, 0 indicates the lowest arousal and 800 the highest arousal.
The origin coordinate in this interface is thus at (400, 400) and
marks the neutral state, neither negative nor positive in valence,
and neither low nor high arousal.

We also extracted two kinematic features from the participants’
mouse trajectories towards these endpoints: number of reversals
and number of velocity peaks. Both features have previously been
associated with certainty in decision and attribution tasks [5, 29, 70].
A reversal in trajectory involves a change in movement direction
along either axis. The number of velocity peaks on an axis indicates
the number of times the movement slows down or speed up, which
again suggests a level of uncertainty and hesitancy in evaluation
of affect on that axis. Since reversals involve a change in direction
they can be taken to reflect a stronger degree of uncertainty than
velocity peaks, which involves change in speed but not direction. As
discussed in our background section, the analysis of such measures
in mouse trajectories is now a common methodology in psychology
to understanding uncertainty.
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4 RESULTS

We tested the effect of shape-change size on associations between
touch and affect. Since our data did not meet the requirements for
parametric tests, we used Friedman’s ANOVA to test on three levels:
the static-shape level, with the purpose to replicate results in previ-
ous research on 3D tangible shapes [38, 42]; dynamic levels with
a shape transformation from Kiki to Bouba, as well as a reversed
polarity from Bouba to Kiki. Wilcoxon tests were used for Post
hoc processes, in which a Bonferroni correction was applied and
so all effects are reported at a .025 level of significance. Then we
tested the effect of the shape-change type with Kruskal-Wallis
test, and a post hoc procedure with a Bonferroni correction and so
all effects are reported at a .025 level of significance. A high level
descriptive summary of results can be found in table 2, and the
statistical details are presented below.

4.1 Measurement 1: End points - affect
measurement with circumplex model

4.1.1  Shape-change Size - Valence and Arousal.

Valence - There were significant main effects of the size-condition
in all three groups. Further, in all three groups (static, KBK, BKB)
the results were consistent: larger sizes had significantly higher
valences than smaller sizes. Figure 7 summarises the results.

For the static group, (y?(2) = 54.48,p < .05, w = .50) the large-
size condition (Mdn = 561.5) had significantly higher valence level
than both the medium-size condition (Mdn = 408.5), T = 108.0,p <
.025, and the small-size condition (Mdn = 274.5), T = 41.0,p < .025.
The medium-size condition also had significant higher valence level
than small-size condition, T = 361.0,p < .025.

For the KBK (Kiki to Bouba to Kiki) group, (x?(2) = 67.60,p <
.05, w = .62) the large-size condition (Mdn = 603.0) had signifi-
cantly higher valence level than both the medium-size condition
(Mdn = 339.0), T = 39.0,p < .025, and the small-size condition
(Mdn = 260.0), T = 15.0,p < .025. The medium-size condition
also had significant higher valence level than small-size condition,
T = 405.5,p < .025.

For the BKB (Bouba to Kiki to Bouba) group, (y2(2) = 89.61,p <
.05, w = .83) the large-size condition (Mdn = 553.0) had signifi-
cantly higher valence level than both the medium-size condition
(Mdn = 331.0), T = 53.0,p < .025, and the small-size condition
(Mdn = 237.0), T = 12.0,p < .025. The medium-size condition
also had significant higher valence level than small-size condition,
T = 85.0,p < .025.

Arousal- There was a significant main effect of the size condition
only in the static group (y?(2) = 41.59,p < .05,w = .38). Post
hoc tests on the static group showed that the small-size condition
(Mdn = 538.5) had significantly higher level of arousal than both
the medium-size condition (Mdn = 435.0), T = 314.0,p < .025, and
large-size condition (Mdn = 223.0), T = 94.5,p < .025. Medium-
size condition also had significantly higher level of arousal than
large-size condition, T = 147.0,p < .025.

4.1.2  Shape-change Type - Valence and Arousal.

Valence - There were no significant effects of the shape-change
type along the valence dimension across any size-level (regardless of
whether bouba or kiki stimulus dominated the shape change). The
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results do not indicate that shape-change type affects participants’
tactile-affect associations along the valence dimension.

Arousal - For endpoints on the arousal dimension, a significant
main effect of shape-change type was observed only in large-size
level (where the Bouba stimulus dominated) (H(2) = 21.09,p <
.05, r = .37). Post hoc procedures indicated that dynamic conditions
resulted in higher arousal levels than the static condition, regardless
of shape-change 6rder. Both KBK (Mdn = 410.0) and BKB (Mdn =
360.0) shape-change types had higher arousal level than the static
condition (Mdn = 223.0), . For KBK vs static U = 23.86,p < .025;
and for BKB vs static U = 5.67,p < .025.

4.1.3  Overview.

For type of shape change, dynamic conditions resulted in higher
reported arousal than the static condition, but we found no ev-
idence that shape change type affected valence.

For shape-change size (the parameter which affected the de-
gree to which Bouba or Kiki stimuli were presented)results were
more complex: Size affected valence for both static and dynamic
groups, but only affected arousal in the static group. In general va-
lence values increased (became more positive) as the Bouba
stimulus became more dominant, as size increased. This was
true across both static and dynamic conditions and regardless of
order of shape change (BKB or KBK). Where the Bouba stimulus
dominated over the course of the shape-change, in the large-size
condition, reported affects tended to be positive: the lower quartile
of the distribution was above 400 for all shape-change types. Where
the Kiki stimulus dominated, in the small-size condition, we saw
a generally negative affect: the upper quartile of the distribution
was below 400 for all shape-change types. Completing the pattern,
valence in the medium condition fell between these two groups,
clustering around 400 (neutral affect), though in the BKB condi-
tion a slight tendency towards negative affect was observed (upper
quartile below 400, and lower quartile around 250).

Turning to arousal, only the static group showed a significant
main effect. In the static group, arousal tended to decrease as
the Bouba stimulus became more dominant (as size increased).
In the small-size condition (where the kiki stimulus dominated)
arousal levels tended to be high for all shape-change types, with
lower quartiles above 400 for all. Medium-size (with more bal-
ance between bouba and kiki stimuli) also tended towards elevated
arousal in both dynamic shape-change types, though here, upper
quartiles were below 600, indicating only a slightly elevated arousal.
In the large-size condition (where the bouba stimulus dominated),
in the static condition, arousal was low - with upper quartile below
350. For both dynamic shape-change types, distributions were too
wide to indicate either high or low arousal overall.

4.2 Measurement 2: Number of reversals -
uncertainty in assigning affect

We measured the number of reversals in participants’ mouse tra-
jectories as they reported affect, using this to indicate their uncer-
tainty in reporting on affect. Participants were considered to be
more decisive, the less reversals in directions they made, during
their movement towards the endpoint. We ran the same statistical
tests as described in the measurement 1.
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Table 2: Descriptive Summary of Results for Experiment 1

Feng, et al.

Valence Arousal
Measure ‘ Variable Trend Detail Trend Detail
Change-size | Higher valences for larger ~ Significant for static and dy- | Higher arousal for smaller ~Static condition only. Consis-
(more bouba-like) sizes namic stimuli. Consistent over | (more kiki-like) sizes tent over all size-comparisons
Endpoint all size-comparisons
(affect) Change-type Dynamic stimuli result in Only in the Large size group
higher arousal than static (where bouba-stimulus is more
stimulus emphasised)
Change-size Smaller sizes (more kiki- Only observed in one of the two
like) result in less peaks dynamic groups (KBK)

Reversals (less hesitation)

(uncertainty) | Change-type | Less reversals (more cer- Only significant for the small | Less reversals (more cer- Only significant in small and
tainty) for dynamic stim- and large stimuli, (kiki or bouba | tainty) with dynamic stim- large groups, (kiki or bouba
uli dominate) not medium (more | uli dominate), not medium (more

mixed). mixed).
Change-size less velocity peaks (less Only observed in one of the two
hesitation in reporting) for ~ dynamic groups (KBK)
smaller (more kiki-like)

Velocity sizes)

Peal.(s . Change-type | Less velocity peaks (less Significant for all size condi- | Less velocity peaks (less Significant for all size condi-

(hesitation) N . . o . .
hesitation in reporting af- tions. hesitation) for Dynamic tions.
fect) for dynamic stimuli stimuli
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Figure 7: Experiment 1 - endpoint measures for valence (left) and arousal (right). Whiskers show 3IQR. Asterisks indicate
significant differences in the pairs marked.

4.2.1

Shape-change size - Valence and Arousal.

than in the dynamic condition where either bouba or kiki stimulus

We ran Friedman’s ANOVA to test whether manipulation of shape-
change size affected decisiveness and directness when reporting
affect. No significant main effect was found in either the valence or
arousal dimensions.

4.2.2  Shape-change type - Valence and Arousal.

We ran Kruskal-Wallis test whether manipulation of shape-change

type affected decisiveness and directness when reporting affect.
Valence - Significant main effects on shape-change were ob-

served inSmall-size and Large-size levels In both size levels, the

static group produced significantly more reversals than both dy-

namic groups, indicating less decisiveness in the static condition

dominated. We observed no significant difference between KBK
and BKB groups suggesting no evidence that order of shape change
affects valence in this case.

In the Small-size level (H(2) = 18.22,p = .00,r = .32), the
static group (Mdn = 8.0) had significantly more reversals than both
dynamic groups — KBK group (Mdn = 5.0), U = 949.0,p = .00,
and BKB group (Mdn = 5.0), U = 1269.5, p = .00 — indicating less
decisiveness in the static condition.

In the Large-size level (H(2) = 12.57, p = .00, r = .21), the static
group(Mdn = 7.0) produced significantly more reversals than KBK
group (Mdn = 4.0), U = 953.5, p = .00, and BKB group (Mdn = 4.0),
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Figure 8: Experiment 1 - kinematic measures of certainty, for movement on valence (left) and arousal (right) axes. Whiskers
show 3IQR. At the top, asterisks indicate significant differences in the pairs indicated

U = 1496.0,p = .00. There was no significant difference between
KBK and BKB groups

Arousal - Results for decisiveness in reporting arousal were
closely similar to those for valence. both the Small-size and Large-
size levels, the static group produced significantly more reversals
than both dynamic groups, indicating less decisiveness in the static
condition than in the dynamic condition when either bouba or kiki
stimulus dominates. Again, we observed no significant difference
between KBK and BKB groups, indicating no evidence for any
impact of order of shape-change.

In the Small-size level(H(2) = 11.24,p = .00, r = .18) the static
group (Mdn = 8.0) again produced significantly more reversals than
both dynamic groups — KBK group (Mdn = 5.0), U = 986.0,p = .00,
and BKB group (Mdn = 5.0), U = 1529.5, p = .00 — indicating less
decisiveness in the static condition.

In the Large-size level (H(2) = 16.40,p = .00,r = .28), the
static group (Mdn = 7.0) had significantly more reversals than
KBK group (Mdn = 5.0), U = 1044.5,p = .00, and BKB group
(Mdn = 4.0), U = 1351.0,p = .00. Again, there is no significant
difference between KBK and BKB group.

4.2.3 Overview:
Figure 8 summarises the results for reversals. We found evidence
that shape-changing stimuli resulted in greater decisiveness

in reporting affect than a static stimuli, but we found no evi-
dence that decisiveness was affected by shape-change size. At both
the small-size (kiki-dominates) and large-size (bouba-dominates)
levels, the static group produced more reversals than dynamic
groups in both valence and arousal. In neither case whas there
any evidence for an effect due to 6rder of shape-change.

4.3 Measurement 3: Velocity peaks - hesitancy
to arrive at certain affective state

We also measured the number of velocity peaks in the participants’
mouse trajectories, as they reported affect. We took this to indicate
their level of hesitancy in arriving at a certain affect. The less
velocity peaks produced during the evaluation, the smoother the
mouse trajectory would be, and the less hesitant participants were
judged to be. Again we ran the same statistical tests as described
above

4.3.1 Shape-change size - Valence and Arousal.

Valence - There was no significant main effects of shape-change
size on the smoothness of the mouse trajectory.

Arousal - There was a significant main effect of the shape-
change size on mouse trajectory smoothness in KBK group only
(¥%(2) = 6.99,p = .03, w = .06). Here, the Large-size level (Mdn =
12.5) showed more velocity peaks than both the Medium size


Feng Feng


CHI ’22, April 29-May 5, 2022, New Orleans, LA, USA

level (Mdn = 11.0), T = 286.5,p = .00 and the small size level
(Mdn = 10.0), T = 408.0,p = .01

These results suggest that in KBK group, as size decreased, and
the Kiki stimulus dominated, participants were less hesitant
or uncertain about the affect induced.

4.3.2  Shape-change type - Valence and Arousal.

Valence - There were significant main effects of the shape-change
type on mouse trajectory smoothness, and post-hoc results showed
consistently higher velocity peaks in static condition, compared to
both dynamic conditions.

In Small-size level, (H(2) = 14.69,p = .00,r = .25), the static
group (Mdn = 13.0) had significantly more velocity peaks than
both the KBK group (Mdn = 11.0), U = 1003.5,p = .00, and the
BKB group (Mdn = 9.0), U = 1365.5,p = .00.

In Medium-size level, (H(2) = 11.39,p = .00,r = .25), static
group (Mdn = 14.0) had significantly more velocity peaks than
both the KBK group (Mdn = 10.0), U = 997.0,p = .00, and the BKB
group (Mdn = 10.0), U = 1504.0, p = .00.

In Large-size level, (H(2) = 15.50,p = .00,r = .26), the static
group (Mdn = 16.0) had significantly more velocity peaks than
both the KBK group (Mdn = 12.0), U = 997.0, p = .00, and the BKB
group (Mdn = 11.0), U = 1343.0, p = .00.

Arousal - There were significant main effects of the shape-
change type on mouse trajectory smoothness as well. Again, veloc-
ity peaks were lower (smoothness higher) in the dynamic groups,
which we took to indicate less hesitancy in reporting on affect.

In Small-size level, (H(2) = 13.72,p = .00,r = .23), the static
group (Mdn = 15.0) had significantly more velocity peaks than
both the KBK group (Mdn = 10.0), U = 911.5,p = .00, and the BKB
group (Mdn = 10.0), U = 1498.0, p = .00.

In Medium-size level, (H(2) = 13.13,p = .00,r = .22), static
group (Mdn = 14.0) had significantly more velocity peaks than
both the KBK group (Mdn = 11.0), U = 935.5,p = .00, and the BKB
group (Mdn = 10.0), U = 1486.5, p = .00.

In Large-size level, (H(2) = 12.91,p = .00,r = .21), the static
group (Mdn = 14.0) had significantly more velocity peaks than
both the KBK group (Mdn = 12.0), U = 1100.5,p = .00, and the
BKB group (Mdn = 10.0), U = 1406.5,p = .00.

4.4 Summary of Study 1 Results

The results of the end point measurement suggest that shape-
change size has a stronger influence on valence perception than
arousal, regardless of shape-change type. In valence larger sizes
(e.g. where Bouba stimuli were more emphasised) resulted in consis-
tently higher valences than smaller sizes (where Kiki stimuli were
more emphasised). There was no effect of shape-change type on
valence. The effect of shape-change type on arousal was conditional
on the degree to which Bouba or Kiki stimulus dominated: While
higher arousal was observed in dynamic groups than in static, this
was only observed at the large-size level, where the Bouba stimulus
dominated over the course of the shape change.

Turning to measures of hesitancy and decisiveness: Results of
the reversals and velocity peaks in the mouse trajectory indicated
that shape-change type, rather than the size, had the greater effect
on the directness of affective responses. Dynamic shape-change
groups showed greater directness (less reversals) and hesitancy
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(less velocity peaks) for both arousal and valence than the static
group. This effect was conditioned by shape-change size: It was
observed in the small and large size groups, where kiki and bouba
stimuli dominated, but not in the medium size condition. Velocity
peaks were also affected by shape-change size: with participants’
hesitancy in reporting arousal increasing in large-sizes (bouba-
dominant) but only in the in KBK group.

5 STUDY 2: SHAPE-CHANGE FREQUENCY

Having found in our first experiment that shape-change size has
effects on touch-affect associations, and no evidence that polarity of
the shape-change influence affective responses, we were now inter-
ested in exploring another parameter of shape change: frequency.
In our second experiment we observed the effect of frequency of
change at each of the three size conditions used in study 1. We
used three different frequency conditions: high frequency (High-
freq for short), medium frequency (Med-freq for short), and low
frequency (Low-freq for short). The shape-change frequency was
controlled pneumatically with identical apparatus in study 1.

5.1 Control of shape-change frequency

A one-time shape-change involves four stages shown in Figure
9. 1. ramp-up: the air pressure is increased, inflating the Bouba
chamber, and changing the presented stimulus from the Kiki state
to the Bouba state. 2. hold-up: the air pressure remains stable and
the gadget retains its shape. 3. ramp-down: the air pressure is
reduced and the gadget moves back towards the Kiki state. 4. hold-
down: the air pressure remain stable and the gadget remains in
its Kiki state. When changing frequency in this experiment we
manipulating the frequency via the transformation stages: ramp-up
and ramp-down, not the time intervals between Bouba and Kiki
shapes. It is thus the process, or unfolding of shape-change whose
frequency is varied.

Pressure, P (Volt)

Time, t (sec)

1

t2 t3
ramp up hold up

t4
ramp down hold down

Figure 9: Stage control in shape-change frequency.

The three frequency conditions are defined as follows: High-
freq has ramp-up and ramp-down times of 0.1s each. Med-freq has
ramp-up and ramp-down times of 1s. Low-freq has ramp-up and
ramp-down times of 1.9s. Each transformation in the high-freq
condition is thus 0.9s slower than those in the med-freq condition,
which are in turn 0.9s slower than in the low-freq condition. The
hold-up and hold-down times for all frequencies were 0.8s. Table 3
summarises theses details. In the absence of guidance from prior
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Table 3: Time control for shape-change frequency in sec-
onds

‘ Ramp up ‘ Hold up ‘ Ramp down ‘ Hold down

High-freq 0.1 0.1
Med-freq 1 0.8 1 0.8
Low-freq 1.9 1.9

work, and due to the need to tailor effects to the specific responses
of materials used, these timings were arrived at by piloting. The
four-stage process was repeated three times for each frequency
condition.

5.2 Experimental design

As tactile perception and speed perception are influenced heavily by
individual difference [58, 64], we used a within subject design to test
the effect of shape-change frequency on tactile perception and affect.
We tested the three frequency conditions described above, with
each of the three sizes described in study 1. Since study 1 showed
no effect of polarity, polarity was not considered in the second
study. In total, each participant performed 27 trials (3 conditions * 3
size-levels * 3 repeated trials). To minimise potential confounds due
to ordering, the order of trials was randomised, using a two-stage
Latin-square method.

Thirty-two participants took part in study 2 (aged 22-40, mean =
29.13, SD = 3.80). All participants reported being right-handed, hav-
ing no injuries in hands and arms, and having normal sight (before
or after correction). They were recruited through authors’ institu-
tions’ E-mailing lists and personal social media. The experimental
procedures and tasks were identical with study 1.

6 RESULTS

A high level descriptive summary of the results is provided in table
4 and the statistical details are presented below.

6.1 Summary of Study 2 Results

6.2 Measurement 1: End points - affect
measurement with circumplex model

6.2.1 Valence. There was significant main effect of shape-change
frequency on affect evaluation only in the Large-size level where
the Bouba stimulus dominated across the shape change (x?(2) =
9.02,p = .01,w = .05). Post hoc procedures showed that lower
frequencies resulted in higher valence.

Post hoc procedure showed that Low-freq condition (Mdn =
618.5) had significantly larger valence value than both the Med-freq
condition (Mdn = 571.5), T = 1547.0,p = .00, and the High-freq
condition (Mdn = 502.5), T = 1200.0, p = .00. Med-freq condition
also had significantly larger valence than High-freq condition, T =
1493.5, p = .00.

6.2.2  Arousal. We observed significant main effects of shape-change
frequency on affect evaluation in all levels. In all sizes, whether
Bouba or Kiki stimulus dominated over the course of the
shape-change, higher frequencies resulted in higher arousal.
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In the Small-size level (y%(2) = 123.90, p = .00, w = .65), High-
freq condition (Mdn = 672.5) had significantly higher arousal rating
than both the Med-freq condition (Mdn = 524.0), T = 95.0,p = .00,
and the Low-freq (Mdn = 470.5), T = 84.0,p = .00. Med-freq
also had significantly higher arousal rating than Low-freq, T =
1168.5,p = .00.

In the Medium-size level (y2(2) = 147.15,p = .00,w = .77),
High-freq condition (Mdn = 654.5) had significantly higher arousal
rating than both the Med-freq condition (Mdn = 491.0), T =
68.0,p = .00, and the Low-freq (Mdn = 340.0), T = 53.5,p = .00.
Med-freq also had significantly higher arousal rating than Low-freq,
T = 341.5,p = .00.

In Large-size level (y2(2) = 158.25,p = .00, w = .82), High-freq
condition (Mdn = 655.0) had significantly higher arousal rating
than both the Med-freq condition (Mdn = 450.5), T = 30.0,p =
.00, and the Low-freq (Mdn = 161.5), T = 3.0,p = .00. Med-freq
also had significantly higher arousal rating than Low-freq, T =
219.5,p = .00.

Above results are shown in figure 10. To summarise, at the large-
size Level, the effect of shape-change frequency influenced per-
ception with valence. The Low-freq resulted in the most positive
valence, High-freq resulted in the least positive valence, and the
Med-freq in between. The effect of shape-change frequency influ-
enced arousal perception, with Low-freq induced the lowest arousal
level. High-freq induced the highest arousal value with the lower
quartile of the distribution above 400 for all size levels, indicating
overall high arousal. The Med-freq condition resulted in the arousal
values set in-between, and the lower quartile of the distribution sat
around neutral arousal value 400.

6.3 Measurement 2: Number of reversals -
directness in reporting affective state

6.3.1 Valence. There were significant main effects on number of
reversals along the valence dimension in medium and large sizes
(in which Kiki stimuli are less emphasised), with high frequencies
resulting in less reversals.

In the Medium-size level (y%(2) = 6.14,p = .046,w = .03),
High-freq condition (Mdn = 9.0) produced significantly more rever-
sals than the Med-freq condition (Mdn = 7.0), T = 1204.5,p = .00.

In the Large-size level (y%(2) = 14.31,p = .00, w = .07), High-
freq condition (Mdn = 8.0) produced significantly more reversals
than the Med-freq condition (Mdn = 6.0), T = 971.5,p = .00, and
Low-freq (Mdn = 6.0), T = 1413.0,p = .00.

6.3.2  Arousal. There were significant main effects on number of
reversals during mouse movement along the arousal dimension
when assigning affect to the experience, with high frequencies
resulting in less reversals.

In the Small-size level (y?(2) = 7.05,p = .03, w = .04), Low-
freq condition (Mdn = 8.0) produced significantly more reversals
than High-freq condition (Mdn = 7.5), T = 1180.0,p = .00.

In the Medium-size level (y%(2) = 9.65,p = .00, w = .05), Low-
freq condition (Mdn = 7.0) had significantly more reversals than
the High-freq condition (Mdn = 6.0), T = 1207.5,p = .02.

In the Large-size level (y?(2) = 24.64,p = .00, w = .13), Low-
freq condition (Mdn = 8.0) had significantly more reversals than
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Table 4: Descriptive Summary of Results for Experiment 2 (shape-change frequency)

Valence Arousal
Measure Trend Detail Trend Detail
Endpoint Higher valence for lower Only in large-size (bouba- | higher arousal for higher Consistent for all sizes, and all fre-
(affect) frequencies dominates) frequencies quency comparisons
Reversals Less reversals (more cer- Only significant for the medium | Less reversals (more cer- Significant when comparing low and
(uncertainty) | tainty) for higher frequen- size, (where neither kiki nor | tainty) with higher fre- high freq for all sizes (both kiki and
cies bouba stimuli are strongly dom- | quencies bouba dominant), but when comparing
inant). low and med, only significant for large-
size (bouba dominates).
Velocity More velocity peaks Only significant for large-size | Complex, see mainresults In all size levels Low-freq produced
Peaks (more hesitation in re- (bouba-dominates) for all size | text more velocity peaks (hesitancy) than
(hesitation) porting affect) for lower comparisons, and medium-size at least one higher frequency condi-
frequencies when comparing low and tion, and this trend was clearest at the
medium. Large-size level (bouba-dominates). At
Medium-size, high-freq produced more
velocity peaks than medium-freq
k% *
ik *
T ‘& % 3
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Figure 10: Experiment 2 - endpoint measures for valence (left) and arousal (right). Whiskers show 3IQR. Asterisks indicate

significant differences in the pairs marked

the Med-freq condition (Mdn = 7.0), T = 1020.5,p = .00, and
High-freq (Mdn = 6.0), T = 1217.0,p = .00.

These results are summarised in figure 11 (two upper plots). In
Overview: at Medium-size and Large-size levels, the High-freq
resulted in more reversals than Med-freq in valence dimension. At
all size levels, the Low-freq produced more reversals than High-freq
in arousal dimension.

6.4 Measurement 3: Smoothness of mouse

trajectories - hesitancy in reporting affect
6.4.1
velocity peaks along valence dimension.

In the Medium-size level (y?(2) = 10.57,p = .01,w = .06),
Low-freq condition (Mdn = 14.0, M = 17.69) produced significantly
more velocity peaks than Med-freq condition (Mdn = 14.0,M =
16.31), T = 1344.5,p = .01

Valence. There were significant main effects on number of

In the Large-size level (y?(2) = 35.32,p = .00, w = .18), Low-
freq condition (Mdn = 21.0) produced significantly more veloc-
ity peaks than both the Med-freq condition (Mdn = 14.0), T =
897.5,p = .00, and the High-freq (Mdn = 14.0), T = 747.0,p = .00.

In general, in conditions where the Bouba stimulus was more
dominant — both medium-size and large-size — low frequency
changes resulted in more velocity peaks, which we take to indicate
greater hesitancy in reporting affect.

6.4.2 Arousal. There were significant main effects on the number
of velocity peaks along the arousal dimension. in Small-size level
(x%(2) = 6.91,p = .03, w = .03): In the Small-size level (y2(2) =
6.91,p = .03, w = .03), Low-freq condition (Mdn = 17.5) produced
significantly more velocity peaks than High-freq condition (Mdn =
15.0), T = 1588.0,p = .02.

In the Medium-size level (y?(2) =,p = .02, w = .04), Low-freq
condition (Mdn = 14.5) produced significantly more velocity peaks
than Medium-freq condition (Mdn = 13.0), T = 1349.0,p = .02. The
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Figure 11: Experiment 2 - kinematic measures of certainty, for movement on valence (left) and arousal (right) axes. Whiskers
show 3IQR. Asterisks indicate significant differences in the pairs marked

high-freq condition (Mdn = 14.0) also produced significantly more
velocity peaks than Medium-freq condition as well, T = 1309.0,p =
.01.

In the Large-size level (y%(2) =,p = .00,w = .15), Low-freq
condition (Mdn = 20.0) produced significantly more velocity peaks
than both the Medium-freq condition (Mdn = 14.0), T = 671.5,p =
.00, and the High-freq condition (Mdn = 14.0), T = 875.5,p = .00.

Above results are shown in figure 11 (two bottom plots). To sum-
marise, at Medium-size and Large-size levels, where the Bouba
feature were more dominant, Low-freq condition produced most
number of velocity peaks in valence dimension. Moreover, Low-
freq resulted in the greatest number of velocity peaks in arousal
dimension, no matter whether the Bouba or Kiki was more domi-
nant. These suggest that in general, the Low-freq condition lead to
less certainty in assigning an arousal level to the tactile experience.

First, results of the end point measurement indicate that as
the shape-change frequency increased, the valence decreased and
arousal increased. Second, results for reversals in the mouse trajec-
tory told us that the High-freq resulted in less directness in valence
reporting than Med-freq, and more directness than Low-freq in
arousal reporting. Third, Low-freq resulted to the least uncertainty
in reporting of both valence and arousal.

7 DISCUSSION OF RESULTS

Both of our studies used a specially designed shape-change gad-
get, based on the Bouba-Kiki paradigm, to understand the effects
of dimensions of the process of shape-change (shape-change as it
unfolds). Both studied the effects of unfolding shape-change on
user’s affective associations, and on the certainty of these asso-
ciations. Having just discussed the second experiment above, we
now re-summarize the purposes of the first experiment, to support
discussing of knowledge gained from both experiments.

Study 1 explored the dimension of shape-change size, which in
our gadget affected the relative dominance of two kinds of shape
stimulus: Bouba (rounded) and Kiki (sharp). In this study we had
two aims First: to replicate the effect of a previous experiment
on static shapes of different sizes, using our shape change gadget,
to validate further results. Second, to explore the effect of shape-
change size on touch-affect association, both in static shapes and
during shape change. We used two different shape-change types to
allow us to isolate and understand the effect of ordering of change.
The first, (KBK), began with a sharp Kiki stimulus, before moving
to a rounded Bouba stimulus, then returning to the Kiki stimulus.
The other (BKB) began with Bouba, moved to Kiki, and returned to
Bouba. Based on the results from Study 1, Study 2 aims to further
explore one of the dynamic features in shape-change as it unfolds -
frequency, and its effect on touch-affect associations.
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7.1 Effect of shape-change size and type on
affect (study 1)

First, our results replicated previous results about touch-affect as-
sociations in static shapes [38, 42]. In our experiments, the static,
Large-size condition presented a rounded, low-angularity, "Bouba",
stimulus. As in previous work, this produced affects with the most
positive valence values and lowest arousal values. Our Small-size
condition presented a sharp, high-angularity, "Kiki", stimulus, and
again, as in previous work this resulted in the most negative va-
lence values and the highest arousal values. Finally our Medium-size
condition, which sat between the other conditions in terms of angu-
larity, resulted in a valence and arousal values whose distribution
centres sat close to the neutral state - again in line with this previous
work.

These results provide an important baseline for understanding
our further results on shape-change, and they support comparison
of our results with prior literature on touch-affect associations in the
Bouba/Kiki paradigm. Our results in the dynamic conditions (KBK
and BKB) stay within this Bouba/Kiki paradigm, extending it to
understand shape-change. When comparing the effect of static and
dynamic stimuli on affect, the only significant difference observed
was in the large-size (Bouba-dominant) condition. Here the moving
stimuli resulted in higher arousal than the static stimuli (discussed
below). For valences, for both static and dynamic stimuli, there
were significant differences between all three sizes. For arousal,
however, we did not find significant differences between the size
conditions. A plausible explanation for this may be that the high-
angularity Kiki feature has the stronger effect on arousal level, so
that in the dynamic shape-change conditions, where both Kiki and
Bouba features are presented, it dominates the experience, possibly
overwriting the unfolding shape-change’s effect on arousal level.

In the Large-size condition there were significant differences
between the static condition and both dynamic shape-change types,
with the latter showing significantly higher arousal. These results
suggest that with a sufficient shape transformation, the shape-
change movement itself affects perception of arousal. This was
observed regardless of the polarity of shape-change. This obser-
vation is partially consistent with previous research which found
that where the participant has both visual and tactile access to
the shape-change, kinematic properties of the shape-change can
be positively correlated with valence and arousal [66]. While our
results only demonstrated a positive association with arousal. Pre-
vious work has shown that where visual and haptic features are
combined, the visual feature dominates perception [12, 28], and this
difference may be due to the lack of visual stimulus in our study.
These results together make a strong case for the value of isolating
factors in shape-change research, and future work may wish to
further investigate this difference in response to haptic-only access
vs haptic-visual access to shape change.

Another factor that needs future investigation is the change
in height of the gadget. In our apparatus this change is relatively
minimal - up to a 5 % (2.5mm) change in height in the process of
Bouba-Kiki transformation, though it may be the case that this
introduces a systematic confound. However, we believe this effect
will not be significant since this apparatus was able to replicate a
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previously observed effect in tactile experience with static bouba-
kiki stimuli. In the absence of work on just-noticable-differences
in tactile perception using comparable shape-change mechanisms,
such effects are difficult to evaluate. We suggest that future work
may use the just-noticable-difference paradigm to isolate and un-
derstand this effect in shape change.

7.1.1 Implications for design. These results confirm that Kiki-like,
high-angularity features can be leveraged to draw people’s attention
or raise alert via a high-arousal stimulus, in an intimate and private
manner via touch. Our results suggest this will be true for both
static shapes and dynamic shape-change. Kiki-like features might
be used in the same way to express low valence affects. Further,
our results suggest that it may often be possible to actuated these
shapes with sufficient shape transformation in order to increase
arousal, without this having a significant effect on valence. Finally,
these results emphasise that designers must consider the effects
of perceptual modality when designing shape-change mechanism.
Some results which hold true when there is both visual and haptic
access, may not hold true in cases where vision is not the primary
interactive modality, or where visual access is not possible.

7.2 Effect of shape change size and type on
certainty (study 1)

By capturing the participants’ mouse movements as they recorded
their affective responses, we aimed to reveal not only the touch-
affect associations, but also something about the participants’ pro-
cess of evaluating the experience. In line with a large body of work
in psychology [24] we used kinematic features of shape-change to
infer uncertainty in participants’ responses. Specifically, we cap-
tured the number of reversals and velocity peaks which occurred
in mouse trajectories as they moved towards the final recorded
affect. These were used as indicators of participants’ uncertainty in
assigning affect to the experience.

The manipulation of shape change size did not have a consistent
effect on users’ certainty. We observed only one significant differ-
ence here, in velocity peaks: In the KBK group, participants in
the large-size condition produced more velocity peaks than in the
Medium-size and Small-size conditions, indicating a possible higher
degree of uncertainty in assigning arousal in the large condition. In
the number of reversals, we found no statistically significant differ-
ences between shape-change sizes. This suggests that shape-change
size — affecting whether the Bouba or Kiki stimulus dominates —
may have no important effect on the degree of indecision in assign-
ing touch-affect associations. The effect in the KBK group might
be explained in terms of contradictory perceptions: the increase in
size, which increases the dominance of the Bouba stimulus, may
conflict with the experience of the change starting and ending on a
Kiki stimulus which, as we have noted, has opposing affective asso-
ciations. The same effect was not observed in BKB group, where the
Kiki feature dominates slightly less over the course of the change.
However, in the absence of other results which support the narra-
tive, it is best to remain cautious about this result, until it can be be
clarified in future studies.

By contrast, the manipulation of shape-change type showed
more interesting and consistent effects on uncertainty. In both the
valence and arousal dimensions, we observed consistently higher
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reversals and velocity peaks in the static group than in either of
the dynamic groups. The only exception to this was in the medium-
size condition, where reversals in mouse trajectory (which can be
taken to indicate a much stronger degree of indecision than velocity
peaks) showed no statistically significant differences. These results
suggest that perceptions of touch-affect associations were more
certain in the presence of shape-change regardless of the shape-
change polarities, and that this increase in certainty was perhaps
lower in the medium change-sizes.

This approach to measuring certainty, adapted from work in
the psychology of dynamic cognition [24], offers an interesting
window onto reflection and certainty in touch-affect association.
Touch-emotion associations studied in previous work emphasis on
the visual perception and interpretation [2, 65]. Our study with kine-
matic feature analysis suggest that the unfolding of shape-change
can help elucidate and clarify perceptions of emotions via touch,
with shapes-change appearing to increase certainty in associations.

7.2.1 Implications for design. These observations suggest that af-
fects communicated via touch may be communicated more clearly
by shape-change than by static shapes. This insight which might in-
form future design exploration of affect communication in a range
of domains, from realistic tactile perception in VR [16], to shape-
change display [2, 32, 69], affective domestic gadgets [31, 72] and
multisensory technology for visually-impaired populations [42, 61].

7.3 Effect of shape-change frequency on affect
(study 2)

Our endpoint results indicated that, at least for the large size con-
dition (where the Bouba stimulus dominated), shape-change fre-
quency had a significant effect on valence. In this condition all
frequencies tended towards positive valences. The low-freq condi-
tion gave the most positive valence, the high-freq condition resulted
in the least positive valences and the medium-freq results fell be-
tween the two (Figure 10 left). In short, although when the Bouba
feature dominated, all shape-change frequencies resulted in posi-
tive valence, this was still modulated by frequency: the slower the
frequency, the more positive in valence.

No main effect was observed in either of the other size conditions.
At the small-size level, where the kiki-stimulus dominated, valence
distributions centred on negative values. All medians and means
were below 400, and the upper quartiles of the medium and high
frequency conditions were also below 400. At the Medium-size level,
high-freq was slightly negative, low-freq was slightly positive, and
the med-freq distribution centred around neutral values 10).

Frequency also had a significant effect on arousal, in all three
size-levels (e.g. regardless of whether the Bouba or Kiki stimulus
dominated). For all sizes, Low-freq resulted the lowest arousal level,
High-freq induced the highest arousal level and Med-freq was be-
tween the two. Arousal values in the medium and high frequency
conditions centred on slightly, and strongly positive values respec-
tively (lower quartile > 500, medians = 650). Only in the low-freq
condition did significant parts of the distribution fall below 400 -
in the medium and large levels, with the latter in particular sitting
mostly beneath 300 (Figure 10 right).

These results suggest a fairly strong, positive association be-
tween shape-change frequency and arousal. In particular, Low-freq
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change, where the bouba-stimulus dominates (large-size) seems to
induce the strongest sense of calmness. Where the bouba-stimulus
dominates less, this effect is less strong. In contrast, High-freq
shape change seems to induce a sense of alertness regardless of the
strength of the Bouba/Kiki features (with median and mean above
600, and lower quartiles above 500 in all size levels). The plot (figure
10, right) suggest that as the size became larger, the effect size of
shape-change frequency also became larger. However, we were un-
able to test this statistically due to the need to use non-parametric
statistics. As such this remains for investigation in future work.

7.3.1 Implications for design. There have recently been calls to
increase empirical understandings of the ways in which people
engage with shape-change mechanisms for meditation and emo-
tional regulation purposes [2, 67]. Our results are interesting in
that context. They complement existing research by providing em-
pirical evidence on touch-affect association in the absence of visual
stimuli, with identifiable design implications. Specifically, Low-
freq shape changes, where Bouba-like features dominate, might be
leveraged to induce a sense of calmness, for meditation or mental-
health support. High-freq shape change where either Bouba-like
or Kiki-like features dominate could be used to raise alertness. A
particularly interesting implication of the results is that rounded,
bouba-like, objects may be particularly versatile in this context,
since these results indicate they can be actuated to produce both
alertness and calmness. The results also point to opportunities to
modulate arousal level by combining shape-change frequencies
with Bouba/Kiki-like features. For example: Low-freq changes with
overall Kiki-like features can still raise alertness, but is likely to be
milder than High-freq actuation of the same Kiki-like stimulus.

At present, these implications should be treated as guidance for
further investigation in design. The results for these shape-change
frequencies may be relative, or range-specific: moving to other
frequency ranges or sizes may result in quite different effects when
sizes and frequencies are combined. Further empirical investigation
of other frequency ranges is required to test effects of perceptual
relativity in relation to the size of the shape-change.

7.4 Effect of shape-change frequency on
certainty (study 2)

On the valence axis, when the stimulus presented had more Bouba-
like features (Medium-size and Large-size level) the High-freq shape
changes resulted in the most reversals, and Low-freq changes pro-
duced most velocity peaks. On the arousal axis, Low-freq changes
produced more velocity peaks and reversals than High-freq changes,
no matter whether the stimulus presented features which were over-
all more Bouba-like (large-size) or more Kiki-like (small-size). It
is interesting that the High-freq condition, which resulted in the
least positive valence when Bouba-like features dominated, also
resulted in most reverses - which we take to indicate greater un-
certainty. The reason could be explained by reference to results
from both studies. Shape-changes with more Bouba-like features
were associated with increased valence, while increase in frequency
was associated with decreased valence. As a result, these opposed
associations may have resulted in reduced certainty in touch-affect
association. Continuing the discussion on certainty from the previ-
ous section, the kinematic analysis results suggest that when two
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shape-change features which have opposed affective associations
are combined, this can modulate the perceive affect, and reduce the
certainty of the perception. These results also showed that Low-
freq changes, which resulted in lowest arousal level, resulted in
less certainty and more hesitancy on both the valence and arousal
axes. In contrast, High-freq changes produced the highest arousal
level, and also resulted in less reversals than Low-freq changes. A
possible interpretation of this could be that low-arousal affects may
be less striking, less clear and distinct. This points to an opportu-
nity for future work to clarify the connection between certainty in
assigning emotional values, and the level of arousal assigned.

8 GENERAL DISCUSSION AND CONCLUSION

8.1 Extending the Crossmodal Bouba/Kiki
paradigm to Understand Shape-Change

Building on research with the crossmodal Bouba/Kiki framework in
2D shapes and 3D tangible interaction [38], the research in this pa-
per brings the Bouba/kiki paradigm into research on shape-change
display as a means of systematically investigating touch-affect as-
sociations. Though we designed the shape-change gadget with
different materials and different stiffness than previous tangible
Bouba/Kiki objects, we were able to replicate the results in touch-
affect association observed with those previous objects in our study.
This demonstrates a continuity which will allow results from prior
research in affective tangible interaction to inform research on
shape-change. Building on the Bouba/Kiki framework allowed us
to relate the effects of dynamic shape transformations to known
effects with these well studied shapes. In particular this approach
allowed us to separate out the effects of tactile perception of static
shape, and shape change on affect. It also allowed us to show where
associations formed by Bouba/Kiki shape changes were not affected
by the polarity of the change. Both polarities of dynamic transfor-
mations elicited higher arousal levels relative to the static shape,
and we found no evidence in either polarity of an effect of shape
change on valence. Such results indicate the value of grounding
the study of shape-change in a well established methodological
paradigm such as the crossmodal framework we apply. Such an
approach can support the systematic accumulation of empirical
understanding over a variety of shape-change features and mecha-
nisms, as discussed in [53].

Such grounding opens up a range of opportunities to extend the
experimental prototcols presented in this paper. Future research
might explore the density factor of Bouba/Kiki features [38], the
stiffness and curvature factors of the shape-change gadget [53],
multisensory factors as well as the material and texture factors in
the shape-change mechanism [50].

8.2 Touch-affect association with
Shape-change features

In both studies, we observed an association between Bouba/Kiki fea-
tures and valence perception, with Bouba-dominant shape-change
associated with positive valence, and Kiki-dominant features as-
sociated with negative valence. Across the three frequencies, the
underlying effect of Bouba/Kiki features was still easy to observe:
shape-changes in which Bouba features dominated were associated
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with positive valence, while those in which Kiki-features domi-
nated were associated with negative valence. Effects of frequency
then appeared to modulate these basic features. As the frequen-
cies increased, the differences between Bouba-dominant and Kiki-
dominant shape-changes appeared to become smaller, and the effect
of the frequency dominated. At lower frequencies by contrast, the
positive valence associations of Bouba-dominant shape-changes
could be amplified by lowering the frequency of the shape-change,
since lower frequencies are associated with more positive valences.

A possible complication here, however comes with the results
on certainty: lower frequencies appeared to reduce users’ certainty
in assigning an affect to the experience. We speculated that this
might be due to the way slower frequencies permit users to per-
ceive individual phases of the shape change, and their potentially
conflicting associations, as distinct. However further work would
be required to understand this effect.

While our results are complex in places, and we point in our
discussion to subtleties which need to be clarified by future work,
there are some clear high level patterns we can point to:

Where Bouba-like features dominated in the static shape and
shape-change, shape-change induced higher arousal than
the static shape.

Tactile perception on shape-change motion features (with-
out visual access) has positive associations with arousal,
while with both visual and tactile perception [66], affective
associations can be observed in both valence and arousal.
Higher frequency was observed to increase arousal across all
shape-changes, regardless of whether Bouba or Kiki features
dominated in the shape-change.

For shape-changes in which Bouba features dominated, a
reduction in shape-change frequency was associated with
an increase in valence.

Certainty in assigning affect seemed to be increased by shape-
change, relative to static shapes.

e Certainty in touch-affect associations often seems to be
linked to the congruence of shape-change features and shape-
change motions. Where features with opposite associations

are mixed - (e.g. bouba-dominant changes with high-frequencies)

then the level of certainty can be reduced.

8.3 Understanding perception of shape-change
as it unfolds

One important outstanding issue in shape-change research is to
understand experience over the course of shape-change, as it un-
folds [2]. However, among established measurement instruments,
there seems to be a lack of effective approaches to help to penetrate
into the process. Many approaches to measuring affect are slow
and not suited to understanding experiences as they unfold. For
example, SAM requires three steps reflection on valence, arousal
and dominance one after another [8]. This makes it effective for
understanding the final product of shape-change, but not intuitive
or efficient to dip into the process. User report via Likert scales
force people to reduce the granularity of their affects and categorise
into a scale with seven or nine chunks. This may reduce resolution
in understanding emotional responses.
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In this paper we take a small first step towards understanding
the dynamics of user responses to shape-change as it unfolds, by
making use of methodologies from dynamical theories of cogni-
tion which open a window on unfolding processes of decision and
attribution. We used kinematic analysis of the user’s movement
to understand uncertainty in their experience of shape-change. A
limitation in many current methods in shape-change research is
the need for users to narrate their subjective experiences effec-
tively. This process can be slow and at odds with in-the-moment
affective experience. Analysis of users’ movement, using kinematic
approaches like those we apply here, seems a promising way for-
wards. Beyond our use here to understand certainty, recent research
has begun to apply the approach to understand affect more directly
[70, 71]. We suggest that future work can help understand shape-
change as it unfolds by augmenting user-report measures with
validated objective measures of experience, including perhaps kine-
matic approaches, which can help understand user experience. Such
metrics should be able to be captured quickly, often, and without
disrupting the experience. A simple next step, which might be ex-
plored could be built on the approach described in this paper, by
extending the shape-change duration, and allowing participants to
mark out their subjective experience on the circumplex interface
in moment-by-moment reaction to the shape change as it unfolds.
The literature we discuss in our background section offers ample
resources for grounding and developing such an approach.
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