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Abstract
Metaphors improve communication between children and adults,
which can be challenging due to differences in experiences. Cross-
sensorymetaphors convey qualities associated with one sense using
terms from another, e.g. a “sharp smell” and could thus improve
generational communication by bridging differences in sensory
cognition. We observed children (8-11yrs, n=65), young adults (18-
24yrs, n=51) and older adults (60-85yrs, n=38) playing Sense-O-
Nary, a variation of Pictionary where players construct and inter-
pret cross-sensorymetaphors, and analysed differences in metaphor
type, degree of elaboration, and association strategies. We found
that children relied on “familiar experiences” for metaphor con-
struction, while adults used more diverse association strategies.
Degree of elaboration was consistent across ages for tactile and
visual stimuli but differed for olfactory stimuli. All groups used
“active” metaphors most commonly, but children showed more use
of “implicit”, “similes”, and “personification”. We present designs
that demonstrate how these characterisations could be leveraged
to improve intergenerational communication.
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1 Introduction
Cross-sensory 1 metaphors describe experiences or objects by bor-
rowing language from a different sensory modality; for example
disappointments leave us feeling “blue” and powerful flavours can
be “loud”. Recent work has emphasised the need to develop our
understanding of how cross-sensory experiences can be shared
[69]. This understanding would be useful when considering how
people communicate experience with each other, and how this can
be improved [31, 55].

Effective communication remains a significant challenge for
many groups[1, 2, 73, 76]. Children, in particular, often face dif-
ficulties due to their limited vocabularies and their developing
understanding of grammar and syntax, which are essential for ex-
pressing complex ideas[17, 59]. These challenges are exacerbated
in intergenerational communication, where children must convey
their experiences - such as pain, emotions, and general well-being
- to older generations. Intergenerational communication can be
hindered by cognitive and sensory differences between age groups
[42, 49]. To address these issues, technology has been developed to
support and aid communication. [58, 89], with a particular focus on
using tangible devices in interactive experiences [87, 90]. However,

1We use the term “cross-sensory” as opposed to multisensory or multimodal to em-
phasise the transfer of information between individual senses. Whereas multimodal
or multisensory might suggest a more generalised merging of sensory outputs, the
“cross-sensory” distinction is grounded in crossmodal perception and cognition [68]
and is therefore more aligned with what we are trying to explore here.
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there has been little focus on how language use varies with age
in the context of technologies that rely on multiple senses. This
gap underscores the need for further research into designing tools
that effectively bridge linguistic and sensory differences across
generations.

In the fields of HCI and cognitive sciences, there arewell-established
databases of standardised stimuli designed to elicit specific emo-
tional reactions. However, these stimuli are predominantly uni-
modal, focusing on individual sensory modalities such as audi-
tory [10], visual [45], or haptic [56]. These unimodal approaches
have been instrumental in advancing our understanding of sensory-
emotional relationships, but have limitations when addressing the
interplay between sensory modalities. Similarly, research on sen-
sory vocabularies has been primarily modality-specific, with ef-
forts aimed at supporting designers in describing and communicat-
ing sensory experiences within a single sensory domain, such as
thermal [32] or haptic experiences [55]. While these vocabularies
have enhanced the design of sensory interactions, they fall short
of encompassing the complexities of cross-sensory experiences.
More recent efforts have expanded to multimodal emotional stim-
uli [37], marking an important step toward integrating multiple
sensory inputs. However, these efforts have yet to explore con-
current cross-sensory presentations, where information is trans-
ferred or shared across modalities. This represents a critical gap,
as cross-sensory interactions are central to how humans perceive
and interpret complex sensory environments. Roberts-Morgan et al.
[60] have begun to address this gap by studying how children cre-
ate cross-sensory metaphors through play. Their findings revealed
that children tend not to rely on personal experiences when form-
ing these metaphors, a behaviour they speculated may differ from
older participants. While this study underscores the importance
of cross-sensory metaphors and highlights potential age-related
differences, it also raises significant questions. Specifically, there
remains a lack of understanding of how individuals across differ-
ent age groups create and interpret cross-sensory metaphors and
how this may influence the design of interactive technology. In-
vestigating these differences is crucial for advancing the design of
cross-sensory systems and understanding the role of age in shaping
sensory-emotional experiences.

To address this gap, we conducted an exploratory study utilis-
ing Sense-O-Nary [60], a game specifically designed to foster an
environment where cross-sensory metaphors can be supported and
actively created. The study included participants from three distinct
age groups: children (8–11 years, n = 65), young adults (18–24 years,
n = 51), and older adults (60–85 years, n = 38). The research aimed
to address two key questions: 1. How do different age groups create
cross-sensory metaphors? 2. How can we leverage this in the design
of intergenerational communication?

The contributions of this paper are as follows: First, we iden-
tify the association strategies employed to create cross-sensory
metaphors, the types of metaphors generated, and the variations
in how different age groups elaborated on these metaphors. For
instance, children predominantly relied on associations with com-
mon, everyday objects, whereas older participants used a more
diverse range of associations, including evaluations and personal
stories. While there was little difference across age groups in how

metaphors for tactile and visual stimuli were elaborated, we ob-
served key differences for olfactory stimuli. Children tended to use
longer, more descriptive narratives, whereas older adults were com-
paratively concise. Based on these findings, we provide recommen-
dations to inform the design of technologies aimed at enhancing
intergenerational communication. Additionally, we propose de-
sign examples that address key scenarios, including doctor-patient,
teacher-student, and parent-child interactions.

2 Background
2.1 Intergenerational Communication
Communication is a critical developmental skill, crucial to the abil-
ity to share knowledge, express needs, and build meaningful social
connections [53, 85]. Communication abilities develop over time
alongside linguistic [40, 59] and social skills [29, 41]. This leaves
children with smaller vocabularies than adults and less developed
understandings of the grammar and syntax needed to express com-
plex ideas [59]. Children also lack breadth of experience, making it
harder to relate to or understand abstract concepts [21]. Taken to-
gether, this can lead to greater struggles to communicate [28]. Such
factors can lead to challenges around intergenerational communi-
cation — the exchange of information, ideas and values between
people from different age groups [88]. Communication between
people of different ages has been shown to reduce age-related stereo-
types, improve social support systems and enhance the well-being
of both older and younger generations. [39]. However, communica-
tion between different age groups is prone tomiscommunication [2],
due to language differences [77], age-based discrimination [54, 65],
culture [76, 81] and differing familiarity with technologies [57].

To help counteract these barriers, technologies have been devel-
oped to support intergenerational communication [58, 89]. Many
of these technologies focus on using tangible devices, which create
interactive experiences for users across multiple age groups [87, 90].
Wallbaum et al. created StoryBox [87], a tangible device that allows
sharing of photos, tangible artefacts, and audio recordings. They
found that by using both digital and non-digital elements, their
devices were accessible and bridged the technology gap. Axtell et
al. [7] explored best practices for designing intergenerational tech-
nology. Addressing how young children imagine communication
with distant family members, they highlight a preference among
children for the use of both emotional and sensory experiences,
and creative and playful forms of interaction.

2.2 Cross-sensory Interaction
Cross-sensory technology refers to devices that combine multiple
sensory modalities to create more immersive and intuitive user
experiences. Such technology is increasingly common and the range
of senses included is growing [e.g. 32, 47, 55]; often with the aim of
designing technologies which can more effectively express affective
experiences [34] and help users communicate with one another
[65].

The effective design of cross-sensory systems relies on an un-
derstanding of cross-sensory correspondences. These are preferential
associations between particular sensory features across different
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senses [46, 69, 71]. They play a crucial role in enhancing com-
munication, since they allow for the reinforcement of informa-
tion across multiple senses, making information more memorable
[18, 64]. They also offer potential in understanding how users with
different sensory abilities can share technologies, interact together,
and communicate with each other [51]. In HCI, much work on
cross-sensory correspondences has been based on the Bouba-Kiki
effect [e.g. 46, 51]. This is a psychological phenomenon based on
sound-shape correspondences, which serves to shed light on peo-
ple’s tendency to form associations across senses. A large body of
work finds that when people are asked to choose names for rounded
and sharp, jagged shapes, people tend to associate rounded shapes
with the word “Bouba” and a sharp shapes with the word “Kiki”.
This effect is remarkably consistent, and has been replicated with
diverse participants across different cultures [16, 24] and age groups
[36, 48].

Researchers have used studies of this effect as a foundation to
understand associations between senses and emotions. Lin et al.
[46] investigated touch-affect associations, finding cross-sensory
correspondences between an object’s features and both colours,
and between the same features and perceptions of emotion. Feng
et al. [31] extended this research to understand similar correspon-
dences in shape-changing stimuli, finding that touch-affect asso-
ciations are influenced by both the size and the frequency of the
shape-change and may be modality-dependent. Metatla et al. [51],
explored how 14 children aged 10 to 17 specifically perceive cor-
respondences between scents, shapes and emotions. They found
that angular shapes are associated with the “kiki” sound, lemon
scents and aroused emotions, while round shapes are associated
with the “bouba” sound, vanilla scents, and calming emotions. One
line of research in this area has focused on language, addressing
users’ association strategies [e.g. 46, 51, 60] — the strategies users
draw upon to draw associations across senses. Attention to these
association strategies can help us to understand how users estab-
lish connections, and the effectiveness of different communication
strategies for particular senses.

However, prior research has not looked into the difference that
age plays in the language used during cross-sensory experiences
and how cross-sensory experiences are affected by ageing. There is
evidence that the decline in sensory function with age can lead to
changes in how experiences across different senses are integrated
[26] This comes alongside changes in emotional perception [62], ex-
perience [91], and regulation [82], suggesting that sensory-affective
correspondences may also change with age. This suggests both a
need to support the communication of sensory and emotional ex-
periences between different age groups, and a need to understand
differences in perception and cognition which may impact on this
communication.

2.3 Metaphors
Metaphors are figures of speech that describe one thing by referring
to another thing which is considered to have some similar charac-
teristics [13]. Metaphors are ubiquitous in everyday language use.
They help us to communicate effectively by connecting unfamiliar
objects and ideas by reference to things that are already familiar,

thereby supporting efficient and accurate communication and mu-
tual understanding [38]. In this paper, we focus on cross-sensory
metaphors: describing something using language from senses not
typically associated with that something [60, 70]. Examples include
describing a taste as “sharp”, or a shirt as “loud”. Cross-sensory
metaphors leverage our natural ability to create connections and
correspondences between different sensory experiences, in order to
make communication more vivid and impactful, allowing for better
understanding [70].

Researchers in HCI have proposed that understanding cross-
sensory metaphors could inform the design of interfaces that en-
hance communication and emotional expression. To explore this
phenomenon, Roberts-Morgan et al. [60] recently developed a game
to study the creation and use of cross-sensory metaphors. Their
findings revealed that children employed a narrower range of cross-
sensory association strategies compared to older participants in
related studies. These results suggest the potential for age-related
differences in metaphor use, raising important questions about how
technologies relying on cross-sensory experiences might be inter-
preted differently across age groups. Despite this, no research to
date has systematically investigated these differences.

2.3.1 Age and Metaphors. Metaphor comprehension evolves as we
age, improving from age 6 [67]. By age 8, children begin creating
metaphors, and by age 9 to 11, they can effectively paraphrase and
fully understand them [19, 86]. Improvements in comprehension
continue through adolescence, with clear progress between ages 11,
15, and 21, related to the development of executive functions [15].
There is evidence that changes in metaphor processing continue
through adulthood, with brain imaging studies showing differences
in localisation of activity between young adults and those over 60
[50]. Such differences in metaphor use between age groups may
pose challenges for intergenerational communication. We suggest
they also point to opportunities for technologies to help scaffold
communication and self-expression in age-appropriate ways. How-
ever, to date, there is a lack of work on metaphor use across age
group,s which could guide the design of such technologies.

2.3.2 Type of Metaphors. Much modern work on metaphor is in-
fluenced by the cognitive linguistics tradition, initiated by Lakoff
and Johnson [44]. Lakoff and Johnson identify three broad kinds
of metaphor: structural, orientational and ontological. Of these,
ontological metaphors are particularly relevant to the analysis of
how people convey entities using sensory and emotional language,
insofar as they offer “ways of viewing events, activities, emotions,
ideas, etc., as entities and substances”. As such, they are common
in everyday speech:“so natural and persuasive in our thought that
they are usually taken as self-evident, direct descriptions of mental
phenomena” [44, chapter 6]. This resonates with the seemingly non-
arbitrary association across sensory modalities that are grounded
in cross-sensory cognition [69].

There are many ways of categorising ontological metaphors,
depending on the context and goals of analysis. One of the most
commonly recognised kinds of ontological metaphor is personifi-
cation, which connects human qualities to things which are not
human [44]. A more specific example of a metaphor typology rele-
vant to the work in this paper can be found in Tehseem and Khan’s
work on metaphors in children’s literature [79]. They identify four
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kinds:“active” (metaphors that directly state the comparison be-
tween two things e.g “you are my sunshine”),“dead” (metaphors
so familiar that they are no longer recognised as metaphors — e.g.
“head of the table”),“extended” (a metaphor developed at length over
a paragraph or speech) and“implicit” (metaphors where the com-
parison is suggested but not directly stated e.g “Ready to hit the
sack”). Finally, Lakoff and Johnson note the commonness of “mixed”
metaphors, where two or more phenomena, entities, or concepts
are invoked in a way which may not be consistent [44, chapter 16].
For example the sentence “We are flying through a sea of success”,
mixes metaphors for flight and swimming.

2.3.3 Sense Vocabularies. Previous work has addressed metaphor
and language in sensory technologies. Some research in this area
has created sensory vocabularies focused on individual senses
[32, 55]: Feng et al. [32], for example, described a framework for
describing and conceptualising thermal and affective experiences
for design, based in an analysis of Chinese poetry. In this and sub-
sequent work [33], they demonstrate how such understandings
of sensory language can support the creation of more immersive
and contextually relevant user experiences. Meanwhile Obrist et
al. offer a framework for understanding how tactile sensation and
haptic technologies can be used in user interfaces to enrich interac-
tion [55]. Such research efforts support understanding of sensory
experience which can enrich technical aspects of designing for
sensory experience, communication and expression. However, as
Feng et al. note, most such work has focused on individual senses,
neglecting how senses function together [32]. Roberts-Morgan et al.
[60] began to address the vocabulary surrounding multiple senses.
They developed a game-task to study how children create cross-
sensory metaphors. Their findings suggest that there may be a
difference between how children and people of different age groups
create cross-sensory metaphors, as children used familiar items
as opposed to previous work that suggested adults relied on per-
sonal connections to create cross-sensory metaphors. This suggests
that there is a need to understand how different age groups create
these cross-sensory metaphors and why the techniques used may
differ. The majority of these vocabularies focus on a single modal-
ity and there needs to be further research on how expression and
communication is realised across multiple sensory modalities.

3 Study
In this study, we aim to answer two questions: How do people of
different ages create cross-sensory metaphors, and how can this
be used to inform the design of intergenerational communication?
We look at how three age groups, children, young adults, and older
adults, communicate cross-sensory experiences to peers of the same
age, using the Sense-O-Nary game [60].We then take themetaphors
created from this game and code them based on the cross-sensory
association strategies used to generate them, and characterise them
in terms of type of metaphor and degree of elaboration.

3.1 Participants
We recruited three age groups for this study: children (n = 65, ages
8–11), young adults (n = 51, ages 18–24), and older adults (n = 38,
ages 60–85). These age groups were selected based on prior research

(a) The circular box, which has 6 compartments, each
containing one of the sensory objects.

(b) The sense spinner, has
various senses used to give
expression modalities.

(c) The selection box, contains all
of the sensory objects that could be
described.

Figure 1: The three different components to the Sense-O-Nary
game [60]

highlighting differences inmetaphor processing between 20- and 60-
year-olds [72] and evidence that children begin to fully comprehend
metaphors around age 8 [19, 67, 86]. Participants engaged in the
study exclusively with peers from the same age group. Recruitment
took place during age-specific research events where participants
were familiar with one another. Children and young adults partici-
pated in university-sponsored events. Children, grouped by school
classes (6–8 participants), took part in school or lab-based activities,
while young adults (groups of 4–6) participated within university
classes. Older adults, grouped in six, were recruited through a char-
ity’s social groups and participated in sessions held at local cafes,
with all group members knowing one another beforehand.

3.2 Sense-O-Nary Game Components
We used the Sense-O-Nary game, a variation of Pictionary where
players construct and interpret cross-sensory metaphors [60]. The
game has three components; A circular box, which has 6 compart-
ments, each containing one sensory item; a sense spinner, which
has various senses used to indicate expression modalities; and a
selection box, containing all sensory objects in the game .

3.2.1 Sensory Items. Figure 2 shows the 12 different items which
players describe. They include 1) four 3D-printed blocks spray
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painted red, green, blue and yellow, engraved with the names of
the colours, 2) four jars each containing cotton wool and a few
drops of scented essential oil, and 3) four 3D-printed shapes spray
painted white. The shapes include a pyramid shape a cylinder shape,
a sharp and pointy shape called Kiki and a round, bubbly shape
called Bouba. The choice of objects was based on work by Usnadze
[83], demonstrated cross-sensory correspondences between shapes,
colours, scents and the sound-words “Bouba” and “Kiki”, using
items that reflect previous work in HCI [31, 46, 51]

(a) The 3D printed
squares that repre-
sented one of the four
colours.

(b) The four scent jars.
There is cotton wool
and essential oil in
the jar.

(c) Four 3D-printed
shapes sprayed white,
and sanded to smooth
any pointy edges.

Figure 2: The 12 different sensory items.

3.3 Sense-O-Nary Game Play & Procedure
We introduced the game Sense-O-Nary to each group with a 10-
minute demonstration. Sense-O-Nary encourages players to create
cross-sensory metaphors. The game involves two teams: one uses
a circular box with a selection spinner on top of it (Figure 1a)
and a separate sense spinner (Figure 1b), while the other team
uses a rectangular box containing various items (Figure 1c). The
first team spins the selection spinner to choose a sensory item
from the box, and then uses the sense spinner to determine the
modality for describing it (from the list: sight, smell, sound, taste,
touch, emotion). for example, they may get the colour red from the
circular box, and the expression modality “taste” from the sense
spinner, in which case they need to describe the colour red in terms
of taste for the second team to guess. If necessary, the first team
can provide additional metaphors to assist the guessing team. The
second-guessing team then consult with one another and pick the
corresponding item from the rectangular box available to them.

We explained the game and demonstrated how to play it, then
the participants play a few rounds to familiarise themselves with
the items. We allowed participants to spend as much time as they
wanted to play the game. Children and young adults played the
game for roughly 15 minutes and the older adults took around 20
minutes. Researchers were present throughout the game to guide
participants if needed.

3.4 Data Collection and Analysis
Each group was video- and audio-recorded using a GoPro. To main-
tain anonymity, recordings excluded participants’ faces and focused
on their hands to analyse interactions and gestural communication.
The first author manually transcribed 13 hours and 8 minutes of
video recordings and coded the transcripts, focusing on game pa-
rameters and metaphor use. For each game round, we recorded the
sensory item described, the expression modality, the metaphors

used, and the item guessed. When initial guesses were incorrect,
players often clarified and guessed again; in these instances, ad-
ditional metaphors and guesses were coded for the same round.
Building on prior work, we conducted deductive coding to identify
association strategies used to construct the metaphors [46, 51, 60]
and the types of metaphors [44, 79]. Space was also left for inductive
coding, which identified varying degrees of elaboration. The coding
was completed by the first author and validated through iterative
discussions with other authors. Table 1 presents the frequency with
which each item was described using a particular sensory modality.
Due to the random nature of the game, some combinations were
not played (e.g., vanilla was never described using emotion, and
Bouba was never described using smell). As the game served as an
exploratory tool rather than a basis for strict quantitative analysis,
our primary focus was on ensuring participants remained engaged
and enjoyed the experience, recognising the inherent challenge of
creating cross-sensory metaphors.

Item Smell Sight Touch Taste Emotion Sound Total
Rose x 3 5 4 3 5 20
Vanilla x 4 4 4 0 3 15
Lemon x 2 4 3 4 5 18
Peppermint x 2 3 3 3 4 15
Green 3 x 8 7 1 2 21
Red 5 x 4 1 1 6 17
Yellow 2 x 1 1 6 2 12
Blue 4 x 5 2 6 3 20
Bouba 0 3 x 2 2 3 10
Cylinder 6 1 x 2 1 2 12
Kiki 4 3 x 6 4 1 18
Pyramid 2 3 x 4 1 2 12
Total 26 21 34 39 32 38 190
Table 1: Number of times each item was described using a
sense. The ’x’ marks the associated sense, so it wasn’t used
for description.

3.4.1 Association Strategies. After this initial coding, we allocated
an association strategy to each metaphor. Association strategies
describe how a connection is made between two different concepts
[46, 51, 60]; they enable us to understand how a connection was
created and the reasoning behind the decision-making process.
We drew on categories used in previous work on cross-sensory
correspondences [46, 51] and adapted them for our purpose. The as-
sociation strategies we used, along with descriptions and examples
are described in Table 2.

In our study, we considered not only the metaphors provided by
participants but also the accompanying justifications for their use
of a particular idea. This approach influenced the categorisation of
certain metaphors. For example, if the colour green was described
as tasting like “a plant,” analysing the metaphor in isolation would
categorise it as a familiar experience. However, if the justification
provided was “green reminds me of a plant I used to eat during my
childhood,” the metaphor would instead be categorised under the
personal connection strategy.
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Strategy Description Example
Embodied Action Gesturing with hand or body to help a description. “It feels like this,” then stroking the floor.
Grasping for Another Sense Words from a sensory modality other than that selected

for the round.
“This tastes strong” (e.g., referring to a shape).

Personal Connection They use a specific, personal story to describe the item. “This sounds like when you’re at Ikea and you get a
receipt and that sound when it comes out.”

Sensory Features Features of a sense have been used to describe the item. “Sharp and smooth.”
Valence Use of terms to denote positive and/or negative qualities. “This tastes horrible.”
Vocalisation A sound/noise is made instead of using words to describe

an item.
“This sounds like Krrrrr and tsssss.”

Familiar Experience A description was created by relating the item to a com-
mon object, emotion, texture, etc.

“This smells like a banana smoothie.”

Table 2: The eight different association strategies and their descriptions. Adapted from [60].

Type of Metaphor Description Example
Active A metaphor that directly states the comparison between two

things, without using "like" or "as".
"It is freshly cut grass."

Implicit Ametaphor where the comparison is suggested but not directly
stated.

"It’s really good in the summer and you lie on it."

Mixed A combination of two or more incompatible metaphors that
creates confusion or humor.

"It’s angry and happy."

Simile A comparison using "like" or "as" to show similarities between
two different things.

"Tastes like a point."

Personification A comparison using a human quality or characteristic for some-
thing non-human.

"I enjoy touching it, it hurts me."

Dead Ametaphor so familiar it is no longer recognized as ametaphor. "Head of the table" (none in corpus).
Extended A metaphor developed consistently and at length, over several

sentences.
Shakespeare’s "world as stage" metaphor (none in
corpus).

Table 3: The six types of metaphors, their descriptions [44, 79], and an example from our study.

3.4.2 Type of Metaphors. We also coded the types of metaphors
used. For this we drew seven categories found in Lakoff and John-
son [44] and Tehseem and Khan [79]: “active”, “implicit”, “dead”,
“extended”, “simile”, “mixed” and “personification”. The rationale for
selecting these categories is described in subsubsection 2.3.2, and
we provide a table of definitions, together with examples from the
corpus in Table 3). In our sample we found no “dead” or “extended”
metaphors. One description was not categorised since it did not
make use of metaphor but related to linguistic limitations (“I don’t
know how to describe that in English”).

3.4.3 Degree of Elaboration. During coding, we observed that play-
ers elaborated their metaphors to different degrees — using simpler
or more elaborate forms of expression. We identified three degrees
of elaboration: simple, multiple and narrated. We coded simple
when a single word or short phrase was used to describe an idea
(e.g., “Rage.”). We coded multiple when multiple words or short
phrases capturing multiple qualities often via multiple metaphors,
(e.g., “It’s salty, chlorine, expired ice cream, mouldy cheese.”.) Finally,
we coded narrated where participants communicated via stories,
scenarios, or rich imagery (e.g., “When you don’t want to speak to
anyone, and you’re really aggressive”).

4 Findings
4.1 Association Strategies
4.1.1 Sight. The familiar experience strategy was the most com-
monly used across all age groups when sight was the expression
modality (children: 50%, young adults: 46.67%, older adults: 45.45%).
Examples include describing a rose as “beautiful and green,” vanilla
as “brown,” and the kiki shape as resembling a “thistle.” The per-
sonal connection strategywas notably prevalent among young adults
(40%), such as describing peppermint as “green, like After Eight
mints you have at Christmas,” whereas children did not use this
strategy at all. The sensory feature strategy was the second most
common approach across all age groups. Children used it in 25% of
cases, with descriptions such as the kiki shape being “pointy.” Young
adults (26.67%) provided more detailed descriptions, such as a rose
being “round, spherical, spiky, sharp, and shiny,” while older adults
(27.27%) offered descriptions like the bouba shape being “bubbly.”
Additionally, children frequently employed the grasping for another
sense strategy (25%), offering associations such as connecting the
lemon scent to “orange juice after you have brushed your teeth.”

4.1.2 Smell. All age groups predominantly relied on familiar ex-
perience when using smell as an expression modality. Children
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Figure 3: The association strategies most commonly employed by each age group, irrespective of the item being described.

Age Group Familiar Experience Sensory Features Personal Connection Valence Vocalisation Grasping for Another Sense Embodiment
Emotion Children 43.75% 18.75% 18.75% 0.00% 6.25% 12.50% 0.00%

Young Adults 57.14% 9.52% 19.05% 4.76% 0.00% 9.52% 0.00%
Older Adults 16.67% 41.67% 25.00% 8.33% 0.00% 8.33% 0.00%

Sight Children 50.00% 25.00% 0.00% 0.00% 0.00% 25.00% 0.00%
Young Adults 46.67% 26.67% 26.67% 0.00% 0.00% 0.00% 0.00%
Older Adults 45.45% 27.27% 18.18% 0.00% 0.00% 9.09% 0.00%

Smell Children 80.00% 0.00% 0.00% 0.00% 0.00% 20.00% 0.00%
Young Adults 70.00% 20.00% 10.00% 0.00% 0.00% 0.00% 0.00%
Older Adults 60.00% 0.00% 30.00% 0.00% 0.00% 10.00% 0.00%

Sound Children 61.54% 3.85% 7.69% 0.00% 19.23% 7.69% 0.00%
Young Adults 9.09% 0.00% 45.45% 0.00% 27.27% 18.18% 0.00%
Older Adults 21.05% 10.53% 31.58% 0.00% 0.00% 21.05% 15.79%

Taste Children 75.00% 0.00% 5.00% 0.00% 0.00% 20.00% 0.00%
Young Adults 71.43% 4.76% 19.05% 0.00% 0.00% 4.76% 0.00%
Older Adults 30.77% 0.00% 38.46% 7.69% 7.69% 15.38% 0.00%

Touch Children 51.72% 17.24% 10.34% 3.45% 3.45% 13.79% 0.00%
Young Adults 55.56% 22.22% 0.00% 0.00% 0.00% 11.11% 11.11%
Older Adults 42.11% 31.58% 5.26% 0.00% 0.00% 10.53% 10.53%

Table 4: Comparison of the Association Strategies used by each age group based on the expression modalities. The strategy that
was used the most for each expression modality and for each age is highlighted in green.

used this strategy 80% of the time, offering descriptions like yellow
smelling “like a banana smoothie.” Both young adults and older
adults used familiar experience 60% of the time, with young adults
describing a cylinder as smelling like “wood, soap, and a candle,”
and older adults associating red with “strawberries and beetroot.”
Children employed grasping for another sense for the remaining
20%, such as describing a cylinder as smelling like “something that
can roll.” Young adults used sensory feature 20% of the time, offering
descriptions like a pyramid smelling “spicy.” Older adults, however,
incorporated personal connection 30% of the time, such as describ-
ing the kiki shape as smelling “as clean as the driven snow,” while
referencing a book the group had recently discussed.

4.1.3 Sound. Children were the only group to primarily use fa-
miliar experience (61.54%) to describe items using sound, offering
examples like red sounding like “screaming and echoing.” In con-
trast, young adults (45.45%) and older adults (31.58%) relied more on
personal connection, with young adults describing a rose as sounding

like “a receipt printing at Ikea” and red as sounding like “crackling
fire.” Children employed all strategies except Embodiment, whereas
older adults used Embodiment (15.79%) to describe a cylinder as a
“didgeridoo,” mimicking the act of playing it with their hands.

4.1.4 Taste. Both children (75%) and young adults (71.43%) pri-
marily used familiar experience when taste was the expression
modality, with children describing vanilla as tasting like “Dr Pep-
per” and young adults associating green with “vegetables.” Older
adults, however, relied most on personal connection (38.46%). Chil-
dren also used grasping for another sense (20%) to describe a pyramid
tasting “smooth and sharp on the edges.” Young adults incorporated
personal connection (19.05%) in metaphors, such as peppermint re-
minding them of “mints you have after going to a restaurant.” Older
adults employed a broader range of strategies, using all except
Embodiment and sensory feature.

4.1.5 Touch. For touch, all age groups predominantly used familiar
experience as the primary strategy. Young adults did not use personal
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connection, valence, or vocalisation, but employed sensory feature
(22.22%) to describe vanilla as “smooth” and grasping for another
sense (11.11%) with examples like rose feeling “dizzy.” They also used
Embodiment (11.11%), describing rose as “soft” while moving their
hands in a smooth, slow motion. Similarly, older adults employed
Embodiment (10.53%), describing red as “burning” and mimicking
the action of rubbing their hands together.

4.1.6 Emotion. When the expression modality was emotion, the
familiar experience strategy (see Table 4) was the most commonly
used across all age groups, particularly among children (43.75%)
and young adults (57.14%), who frequently used cross-sensory
metaphors such as describing the kiki shape as “angry.” Older adults,
however, relied more on sensory feature (41.67%), focusing on spe-
cific sensory characteristics. Young adults also employed personal
connection (19.05%), while older adults used this strategy even more
frequently (25%), with examples like associating yellow with “sor-
row, like when I went to a funeral,” referencing a recent event
involving yellow flowers. Children used both sensory feature and
personal connection (18.75% each), offering metaphors such as the
bouba shape being “a happy thing” and the kiki shape representing
“when you don’t want to speak to anyone and you’re aggressive.”

4.2 Types of Metaphors Created
Figure 4 shows the percentage distribution of metaphor types used
by each age group, irrespective of the stimuli described or the ex-
pression modality. Active metaphors are the most commonly used
type across all age groups, with older adults employing them most
frequently, closely followed by young adults. While children also
favour active metaphors, their usage is notably lower compared
to the other groups. Interestingly, children demonstrate a greater
preference for personification and similes than the older age groups,
while relying less on active metaphors. Young adults show a rela-
tively balanced use of other metaphor types, with mixed metaphors
being particularly prominent compared to both older adults and
children. However, their use of personification and similes is less
frequent than in the other groups. Older adults stand out with
the highest reliance on active metaphors, while their use of other
metaphor types remains minimal.

4.3 Degree of Elaboration Used
Figure 5 highlights the similarities and differences in the degree of
elaboration used to create metaphors based on the stimuli partici-
pants were asked to describe. Metaphors describing shapes showed
a consistent distribution of elaboration across all age groups. Sim-
ilarly, metaphors for colours demonstrated comparable degrees
of elaboration, except for young adults, who tended to use more
multiple-degree elaboration, and older adults, who tended to use
less. In contrast, metaphors describing scents revealed notable age-
related differences. Children frequently employed a higher degree
of elaboration, older adults leaned towards a lower degree, and
young adults most often used a multiple-degree approach.

Figure 4: The percentage of different types ofmetaphors used
by each age group.

Figure 5: The degree of elaboration used by each age group,
for each of the types of stimuli used

5 Examples: Leveraging Cross-sensory
Metaphor to Design for Intergenerational
Communication

Previous technological systems facilitating intergenerational com-
munication have faced challenges related to how different genera-
tions perceive and interpret sensory cues. This prior research has
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established an understanding of the strategies used in cross-sensory
communication. Now we leverage these findings to underlie design
examples, which we introduce here. We suggest three designs for
key intergenerational communication: doctor-child patient, teacher-
student, and parent-child, that aim to solve some of the communi-
cation issues surrounding intergenerational communication.

(a) A cross-sensory pain com-
munication board for doctor-
child patient interaction.

(b) A phonics learning tool for
teachers-student interaction.

(c) A storytelling busy book for child-parent emotion
communication.

Figure 6: Three examples leveraging cross-sensory
metaphors in the design of intergeneraitonal commu-
nication.

5.1 Doctor and Child Patient
It is important for doctors and their child-patients to effectively
communicate, so the patient can accurately express what pain they
are feeling and the issues with their health [30]. However, there are
challenges involved as children struggle to communicate and may
not understand questions doctors ask, like “is it a burning pain?”
Despite these challenges, Tates et al. [78] found that current studies
on doctor-patient communication focus more on the interactions
between doctors and the child’s parent, as opposed to the child.
Bergeijk et al. [84] designed a tangible device which involved using
tokens to represent different topics they wanted to address with
a doctor. These tokens are then taken, and the doctor can bring
up each one to support children addressing the topics they wish
to discuss. However, this does not support children to actually
communicate what they are feeling, instead focusing on tackling
the issue of making the child patient feel like they are involved in
the conversation.

Herewe present an idea for a clinical communication aid (SeeFigure 6a),
which focusses specifically on helping a child to communicate their
experience, rather than simply participate in the conversation. This
tool is a board which has sliders on so children can communicate

the type of pain they are feeling without or in addition to using
their words, thereby overcoming potential miscommunications be-
tween doctors and their patients. This clinical communication aid
could employ cross-sensory interaction to facilitate intergenera-
tional communication between a doctor, and a child patient. The
board has sliders for different colours, round shapes to sharp shapes,
different emotions and different smells. Findings from our study
highlight the importance of smell to children. This novel design
emphasises this discovery by including smells as options for cross-
sensory expression. When interacting with the doctor, the child
may move the sliders to respond to the doctor’s questions regard-
ing the pain experienced. The doctor could then use these likely
cross-sensory associations to attain improved understanding of the
child’s experience and needs.

5.2 Teacher and Child
Teacher-student communication is fundamental to effective learn-
ing, fostering trust, and addressing individual student needs [4, 27].
Effective communication enables teachers to convey knowledge,
provide feedback, and inspire students [75]. However, communicat-
ing effectively with young children presents unique challenges as
they may have limited language skills and varying levels of social
development, making it difficult for teachers to engage them fully.
To overcome these barriers, educational technology has been a
growing field.

Here we present an idea for an interactive educational tool,
shown in Figure 6b, for teachers to improve their phonics teaching
processes. Previous work has shown that children will readily form
associations between phonemes and shapes and that this mech-
anism has potential for use in phonics education [22]. This tool
provides a basis for phonics education through grapheme, shape
and phoneme association. It has grapheme and shape pieces, and a
board with radio frequency identification (RFID) enabled speaker
function. Phonemes can be checked by moving grapheme pieces
onto the sounding location on the board. Phonemes can be tem-
porarily assigned to shape pieces by placing them together with
a grapheme piece on the association location on the board. These
newly assigned pieces can be sounded out by moving them to the
sounding location on the board. Combinations of grapheme and
assigned shape pieces allow the construction of entire words, help-
ing with phonic learning. The addition of shape pieces to this tool
reflects our previous findings that children tend to use personifica-
tion more than adults. By considering the characteristics of shapes,
and generating more shape-phoneme associations, children may
use another avenue of retrieval when grasping for their grapheme
representations. This can support the teacher in multiple ways,
such as gaining insight into individual preferences of the phoneme
shape associations of a child, and providing another modality of
communication through the phonemes produced by the sounding
element of the board. .

5.3 Parent and Child
Intergenerational communication plays a crucial role in foster-
ing understanding and collaboration across age groups with good
parent-child communication essential for optimal development.
Parent-child communication fosters emotional bonding and aids in
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the development of social and cognitive skills [43, 63]. Although,
parents often face difficulties in addressing and understanding chil-
dren’s emotions, especially in stressful or complex scenarios [80].
Theofanopoulou et al, explored the tools designed to support these
issues and found that a lack of tools and resources to navigate
emotional conversations and variations in family dynamics, cul-
tural norms, and individual preferences complicate solutions. [80].
They suggested storytelling should be explored as a means of fos-
tering child-parent communication, as both parents and children
react positive to storytelling elements that scaffold learning around
emotional experiences. When considering the use of technology to
improve parent-child communication, storytelling has again been
highlighted as good way to foster understanding and create devel-
opmental opportunities [80].

Engaging findings from this study, we present the design idea of
a storybook based technology to facilitate intergenerational com-
munication of emotions (Figure 6c). This interactive storybook uses
cross-sensory associations to provide an intergenerational commu-
nication aid by building on a busy book design, in combination with
storytelling features. The findings of this study demonstrated that
all age groups used familiar experience to create connections. This
finding is utilised in this design example through scenario presenta-
tion. The cross-sensory busy book has pages with scenarios inspired
by daily life, such as visiting certain locations, or getting dressed.
Tactile, manipulable features provide tangible sensory interaction
opportunities and customisable options. For example, when getting
dressed there are clothing options presented as various shapes and
colours, with zips, poppers and Velcro. These can be selected and
swapped to dress a character. For each page, a button is available,
which generates an emotion when pressed. This emotion is sounded
aloud by the book and creates an emotional setting for each page
activity. The child physically manipulates the options on the page,
leveraging our fingers around embodied forms of cross-sensory
metaphors to create concordance between the emotion and the
representation of the activity on the page. This prompted feedback
provides a basis for conversation between parent and child. It also
enables parents to attain insight into the child’s perception and pro-
vides a scaffold for parental elaboration and teaching. The emotion
generated when the button is pressed will be different each time,
and the tactile manipulable options are varied. This ensures a wide
range of possible routes through the book. By creating divergent
narrative options, rather than the traditionally convergent style
of a predetermined story, multiple possible journeys can be elabo-
rated and explored together, thereby facilitating depth of skill in
communication.

5.4 Further Examples
While we have presented three design examples based on our find-
ings, their potential applications extend further. One promising
use case involves fostering connections between children and their
grandparents over long distances. Current research highlights the
use of tangible interfaces, sensory experiences, and playful inter-
actions to bridge generational gaps [7, 87]. Our storybook design
could be adapted for distance communication, offering a tool to sup-
port long-distance intergenerational interaction. Another potential
application relates to older adults and their sense of smell. Research

indicates that older adults need to actively train their sense of smell
to mitigate age-related sensory decline [8, 9]. Designing technolo-
gies that enable children and older adults to communicate about
scents could simultaneously support older adults in maintaining
their olfactory function, help children develop language around
smell, and address challenges in intergenerational communication.

The above design examples presented here provide a basis for
the application of the findings of this study. By incorporating cross-
sensory strategies, these examples could overcome some of the
shortcomings of previous technological systems designed to fa-
cilitate intergenerational communication. The key areas of inter-
generational communication addressed here provide a selection of
opportunity spaces. Further work should explore other key areas for
the provision of technology that uses knowledge of cross-sensory
strategies to foster intergenerational communication.

6 Discussion
Overall, our research provides insights into how individuals of
different ages communicate cross-sensory experiences, contribut-
ing to a deeper understanding of the language and strategies used
in such interactions. By exploring cross-sensory communication
across distinct age groups, this study highlights both the shared
patterns and the differences that emerge in the ways participants
create and articulate their metaphors. This work not only expands
the existing knowledge of cross-sensory experiences, but also un-
derscores the communication nuances between age groups that
could influence the design of interactive systems.

6.1 Association Strategies in Cross-sensory
Metaphor Construction

The results indicate that familiar experience was the most predomi-
nantly used strategy across all age groups, highlighting its broad
applicability in cross-sensory communication. This suggests that
incorporating universally recognisable and relatable items or ex-
periences into the design of tools aimed at supporting intergen-
erational communication could enhance their effectiveness. For
children, familiar experience was the dominant strategy across all
sensory modalities, demonstrating its central role in how younger
participants interpret and express sensory information. In contrast,
young adults frequently relied on personal connections when de-
scribing sounds, while older adults predominantly used personal
connections for taste and sound, and sensory features for emotions.
These findings suggest that for audio-based modalities, particularly
for young and older adults, incorporating opportunities for per-
sonal connections and nostalgia could improve engagement and
communication.

The role of audio in fostering personal connections is supported
by prior research. Dib et al. [25] found that sound can facilitate
richer and more varied social remembering compared to visual stim-
uli alone, particularly in familial and creative contexts. This high-
lights the complementary relationship between audio and personal
connections in enhancing shared experiences and communication.

An additional finding was the limited use of embodiment across
all age groups. However, whenever participants used embodied com-
munication, we observed that the other team consistently guessed
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the stimuli being described correctly. This suggests that incorpo-
rating embodied communication into design for intergenerational
communication could be an effective approach for conveying cross-
sensory experiences. Curtis et al. [23] demonstrated the potential
of embodied frameworks within assistive technology, showing how
they can provide a multidimensional and richer account of sensory
experiences.

In contrast, the valence strategy was rarely employed, diverging
from findings in previous research where it was a more prominent
strategy [46, 51]. This discrepancy may stem from differences in
the study context, as participants in prior studies were not required
to communicate their cross-sensory connections to others. Valence
may be less effective for sharing cross-sensory experiences, as it
is inherently general and highly subjective. For instance, one in-
dividual may associate the colour red with positive emotions as
their favourite colour, while another may associate it with negativ-
ity, leading to opposing metaphors when relying on valence. This
variability underscores the potential limitations of valence as a com-
municative strategy in contexts requiring shared understanding.

6.2 Degrees of Elaboration in Cross-sensory
Metaphor Construction

Tactile stimuli were described with a consistent degree of elabora-
tion across all age groups. This observation aligns with a substantial
body of research on tangible interfaces as effective tools for inter-
generational communication [12, 74, 87, 89, 90], supporting the
idea that touch is a universally understood and accessible modality.
Visual stimuli, on the other hand, were typically described using
simple or multiple degrees of elaboration, with young adults more
frequently employing multiple degrees. This suggests that young
adults may prefer slightly more detailed descriptions when engag-
ing with visual stimuli, potentially reflecting their developmental
stage or familiarity with visual communication. Colours, widely
used in design and marketing as communicative tools [5, 66], were
often conveyed through simple or multiple metaphors. This is likely
due to the universal recognition of colours and their capacity to
convey meaning across diverse contexts, making them an intuitive
medium for communication.

In contrast, olfactory stimuli exhibited the greatest variation in
degrees of elaboration across age groups. Children tended to use
narrated degrees of elaboration, young adults favoured multiple
degrees, and older adults predominantly used simple or multiple de-
grees. These findings suggest that as individuals age, they may find
it easier to describe olfactory experiences with simpler elaborations,
whereas younger individuals may require more extensive descrip-
tions to articulate their sensory impressions. This raises important
considerations for designing tools that rely on olfactory commu-
nication, particularly for younger age groups, who may benefit
from early exposure to discussing and practising olfactory descrip-
tions. The challenges associated with olfactory communication are
well-documented, particularly in Western languages, which lack
specialised vocabulary for describing smells [3]. Alač [3] empha-
sises that effective olfactory communication can develop through
practice, underscoring the importance of introducing children to
discussions about olfactory stimuli at an early age. Encouraging
such discussions may not only familiarise children with olfactory

terminology but also enhance their ability to engage with olfactory-
based interfaces in later stages of life.

These findings suggest that visual and auditory stimuli may
serve as more reliable mediums for intergenerational communica-
tion, given the consistent levels of elaboration across age groups.
However, the variability observed with olfactory stimuli highlights
a need for further exploration into how olfactory communication
can be supported across different age groups, particularly in cross-
generational settings.

6.3 Type of Cross-sensory Metaphor
Construction

Regarding the types of metaphors used by different age groups,
older adults demonstrated the highest usage of direct metaphors,
closely followed by young adults. This suggests that designs target-
ing these age groups could benefit from being explicit and straight-
forward. Campbell et al. [14] emphasise that communication with
older adults should be clear and direct to minimise miscommunica-
tion, often influenced by differences in sensory abilities. Ensuring
explicitness in designs for older adults can thus enhance usability
and reduce potential barriers to effective interaction.

Children, on the other hand, exhibited a more varied approach,
using a combination of direct, implied, and personificationmetaphors,
with personification being particularly prominent compared to the
other groups. This indicates that designs for children could inte-
grate a mix of metaphor styles to align with their broader usage.
The strong preference for personification among children also high-
lights the effectiveness of anthropomorphism, making objects or
characters appear human-like [52], as a means to engage themmore
effectively. Anthropomorphism has been widely used in technology
to capture children’s attention and foster engagement. For example,
Festerling et al. [35] found that anthropomorphism is often applied
in digital voice assistants to engage children, with some evidence
suggesting that it can enhance children’s social cognition [6]. Incor-
porating anthropomorphic elements into designs for children may
thus not only make the experience more relatable but could also
serve as a tool for enhancing social interaction and learning around
cross-sensory experiences. By aligning the type of cross-sensory
metaphors and design approaches with the preferences of each age
group, technology can be tailored to improve communication and
engagement across diverse user demographics.

6.4 Reflections on the Chemical Senses in
Cross-sensory Metaphor Construction

In HCI, chemical senses such as smell and taste often present chal-
lenges in terms of hardware development [11] and in understanding
how individuals engage with these senses in interaction contexts
[61]. These challenges suggest that our participants would resort
to strategies like grasping for another sense when describing smells,
or when using smell and taste as expression modalities due to
the limited vocabulary available for olfactory and, to some extent,
gustatory experiences. However, our findings did not align with
this expectation. Instead, participants predominantly relied on fa-
miliar experiences and personal connections when describing smell
and taste. This discrepancy may be attributed to the design of
our study, which explicitly asked participants to discuss smell and
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taste without imposing restrictions on how they described these
sensory modalities. This open-ended approach likely encouraged
participants to draw on relatable experiences or personal memories,
circumventing the need to rely on indirect strategies like grasping
for another sense.

Interestingly, the influence of age was evident when analysing
the degree of elaboration used to describe smells. Children fre-
quently employed a narrated degree of elaboration, providing longer
and more detailed descriptions compared to older participants, who
tended to be more concise. This finding aligns with prior research
suggesting that as individuals age, they may develop a more refined
ability to describe scents succinctly, while younger individuals of-
ten rely on extended, detailed expressions to compensate for their
limited sensory vocabulary [20]. This highlights the importance of
developing sense-related vocabularies early on to support children’s
ability to articulate their sensory experiences more effectively.

6.5 Limitations and Future Work
This exploratory study focused on three broad age groups: children
(8–11 years), young adults (18–24 years), and older adults (60–85
years). While this approach provided a foundational understanding
of age-related differences in cross-sensory metaphor creation, fu-
ture research could benefit from examining narrower age ranges to
uncover additional nuances in how specific age groups construct
and communicate cross-sensory metaphors. Furthermore, inves-
tigating how age groups communicate cross-sensory experiences
with peers from different age groups may provide insights into the
causes of miscommunication across generations.

A promising direction for future work could involve conducting
the same game with mixed-age groups, such as having children
communicate stimuli to older adults or vice versa. This approach
would allow for a direct comparison of intra-age group versus inter-
age group interactions, revealing how communication styles and
metaphor use differ in these contexts.

Another limitation was the range of sensory items used in this
study. While we focused on items associated with smell, sight,
and touch, future work could incorporate stimuli related to sound
and taste. Expanding the sensory modalities studied would pro-
vide a more comprehensive understanding of the language used to
describe all senses, potentially uncovering unique strategies asso-
ciated with underexplored modalities like auditory and gustatory
stimuli.

The study’s exploratory nature also introduced some method-
ological limitations. For example, we did not include a control group
to isolate the effects of the intervention, nor did we control the
time participants spent playing the game. These choices were in-
tentional, as the primary aim was to gather preliminary insights
rather than establish causal relationships. However, future research
could address these limitations by incorporating a control group
to better isolate the most effective cross-sensory metaphors and
implementing structured time constraints to ensure consistency
in gameplay duration. By addressing these methodological lim-
itations, researchers could draw clearer and more generalisable
conclusions about cross-sensory metaphor use and its implications
for communication and design.

6.5.1 Cultural Limitations. One of the groups in our study con-
sisted of participants whose first language was not English. These
participants found it challenging to create descriptions in English
and often reverted to their native language. This highlights an
intriguing avenue for future research into the role of language pro-
ficiency in cross-sensory communication. Moreover, given that cul-
ture significantly influences metaphor construction [76, 81], future
studies could explore how cultural differences shape the formation
of cross-sensory metaphors and whether cultural context impacts
their effectiveness.

7 Conclusion
This exploratory study investigated how different age groups cre-
ate and communicate using cross-sensory metaphors, providing
insights to support intergenerational communication. Our analysis
identified familiar experience as the predominant strategy across
all age groups, with children relying heavily on it, young adults
frequently using personal connection, and older adults employing a
broader range of strategies. While tactile and visual stimuli elicited
consistent degrees of elaboration across ages, olfactory descriptions
varied, with children usingmore detailed narratives and older adults
being more concise. Metaphor types also differed, with children
favouring implicit metaphors, similes, and personification, while
young and older adults primarily used active metaphors. These find-
ings suggest that sensory perception and communication strategies
evolve with age. To address these differences, we propose examples
and future work in technology designs that leverage cross-sensory
metaphors to enhance communication across generations.

8 Selection and Participation of Children
Children in this study were part of an activity day, where multiple
schools attended two of the author’s University and participated
in multiple different studies. When they first got to the university,
they were given housekeeping information and the first task they
took part in was about data, research and assent. They were told
that anything they created on the day did not have to be handed in
if they didn’t want to. The children’s parents all gave consent and
children’s names and ages were not collected. This study received
full ethical approval.
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Figure 7: Radar graphs showing the association strategies used by each age group, for each expression modality or emotion the
participants were asked to use for their descriptions, shown as a percentage.
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