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Abstract. Intergenerational relationships, crucial for emotional support
and stability, can be significantly enhanced through technology. While
existing research mainly explores long-distance connections, the poten-
tial for technology to foster bonding during regular physical meetups
between grandparents and grandchildren remains largely untapped. This
study addresses the gap in families with regular intergenerational inter-
actions. We conducted participatory card-based interviews with grand-
parents and children, analyzing the data with mixed methods including
sentiment analysis, mapping the influencing factors of bonding, and the-
matic coding. This informed a framework for designing technology to sup-
port intergenerational connections. Two key contributions of the study
are a novel mixed-methods approach that analyzes the same interview
data to yield diverse results, and an expansion of the current understand-
ing of intergenerational interaction through a layered model, which was
validated by five design experts and tested with three additional families.

Keywords: Intergenerational Relationships - Child-Grandparent
Connection - Technology in Family Bonding - Design and Family
Dynamics

1 Introduction

Intergenerational relationships, particularly between grandparents and grand-
children, are crucial in emotional support and family stability. Recent demo-
graphic shifts have increased multigenerational living arrangements, leading to
more frequent interactions between these groups [8]. However, the quality of
these interactions is as important as their frequency in fostering strong bonds.

Technology has a dual impact on family dynamics [24]. It can facilitate com-
munication and shared activities, potentially strengthening intergenerational
bonds [2,3]. However, differing digital skills and communication preferences
between generations can create tensions [25]. Leveraging technology’s benefits
while mitigating its drawbacks requires thoughtful design, with co-use of tech-
nology emerging as a promising strategy [11-13], where both generations engage
in activities together. Examples include collaborative gaming [9,11], sharing and
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exchanging [9,12], and storytelling [13], which have been shown to enhance child-
grandparent connectedness.

Existing research frequently focuses on technology solutions for improving
long-distance relationships or resolving issues caused by technology use. How-
ever, a gap exists in understanding how technology can enhance in-person inter-
actions between generations. Moreover, many technological solutions target a
single activity without addressing different user preferences. Identifying which
activities provide a strong foundation for technological enhancement is essential
for creating effective tools to strengthen intergenerational connections.

To address this gap, our study investigates how technology can enhance
face-to-face interactions between grandparents and grandchildren. Building on
a literature review and identifying 14 potential activity types, we conducted
individual interviews with 5 grandparents and 5 grandchildren to explore their
preferences and shared experiences. Exploring these can inform the development
of a guideline framework for designing technologies that strengthen intergen-
erational connections. By focusing on activities that foster bonding, the study
lays the groundwork for future research and design efforts to enhance in-person
interactions through targeted technological solutions.

2 Related Work

Research indicates that in relationships between children and grandparents, both
groups perceive benefits in using technological devices for connection, primarily
through calls and video meetings [24]. Additionally, co-viewing media and co-
playing video games have been linked to increased closeness [2,3]. Researchers
are actively exploring the use of technology to bond children and grandparents,
using it as a tool for engagement and creating meaningful experiences [9,11,12].
However, technology can also disrupt family dynamics [4]. Young people often
favor social networking services for sharing personal content, while older adults
generally prefer direct conversation or phone calls [19]. Studies have highlighted
frustrations, such as parents’ concerns about children prioritizing social media
over family time [15]. Grandparents sometimes feel responsible for regulating
children’s media consumption [20], which can lead to tensions. They also expe-
rience communication challenges due to unfamiliar technology language [16].
Tammisalo et al. [25] classified technology use in families into four categories:
(a) individual use of technology tools; (b) technoference, or the use of technology
for personal reasons in the presence of family members; (c) technology-mediated
communication among family members; and (d) collaborative/collective technol-
ogy use within the family. Their research found that only the co-use of technology
consistently led to positive impacts. This aligns with building shared experiences
to foster strong relationships between grandparents and grandchildren.
Existing research has explored various approaches to facilitate grandparent-
grandchild (GP-GC) relationships through co-use of the technology: 1. Games:
Games between grandparents and grandchildren have been explored in various
forms: Vanden Abeele et al. [10] with mini-games and Carlsson et al. [6] through
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quilting and circuits. 2. Sharing and exchanging: G2G [12] is a calendar-
sharing system for connecting grandparents and grandchildren and Davis et al.
[9] tested a gift exchange ‘magic box,’. 3. Storytelling: Amaro et al. [1] observed
grandmother-granddaughter pairs using NotesHD for family tree storytelling,
and Vutborg et al. [26] proposed drawing and photo sharing to facilitate story-
telling. 4. Other activities: Some designs involved children and grandparents
in activities such as drawing [13] and gardening [22].

These studies highlight activities that facilitate bonding between children and
grandparents through technology, focusing mainly on overcoming geographical
distance. However, previous studies have predominantly focused on the potential
conflicts that technology could introduce when grandparents and grandchildren
share the same space, rather than exploring its potential benefits. Moreover,
technology’s success in enhancing traditional activities, like storytelling, depends
on users’ intrinsic interest. If neither party enjoys storytelling, its technological
enhancement won’t strengthen their bond. Therefore, it’s crucial to understand
user preferences and motivations for shared experiences, and identify opportu-
nities for meaningful technology integration in intergenerational interactions.

To understand how technology can enable meaningful shared experiences and
facilitate child-grandparent bonding in in-person settings, two research questions
emerged: RQ1: What shared experiences are favored by children and grandpar-
ents, and what underlying factors within these activities influence their connect-
edness? RQ2: How can technology-based solutions be developed to strengthen
bonding in intergenerational shared experiences?

3 Methods
3.1 Interview and Analysis

Building on the previous literature review, we identified 14 shared activities
that foster connections between grandparents and grandchildren. Using Pedell
et al.’s [21] intergenerational fun model, we organized these activities into inclu-
sive and balanced categories: games, telling/reading, sharing context, and
making/creating. This categorization ensured each category captured a sim-
ilar scope and relevance. We designed activity cards to represent each activity.
The complete list of categories and activity cards can be found in this graduation
thesis [27].

We recruited 10 participants from the Netherlands, consisting of 5 grand-
mothers (aged 57-78) and 5 children (aged 9-11), who were not necessarily
related. Each participant, meeting the criteria of regularly visiting with a grand-
child or grandparent, was interviewed individually for 40-50 min, using the
activity cards as prompts. Four questions were posed for each card, focusing
on recounting scenarios, distinguishing emotions during shared activities, rea-
sons for the feelings, and favorite aspects of the activity. We ensured data sat-
uration with an iterative recruitment and immediate post-interview analysis. In
this study, five participants from each age group provided a sufficient sample
size.
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To answer RQ1, we employed a mixed-method approach—including sen-
timent analysis, mapping the influencing factors of bonding, and thematic
coding—to identify participants’ preferred shared activities and uncover the fac-
tors influencing intergenerational connectedness. Initially, we asked participants
to rate the activities, but when these ratings proved unreliable, we switched to
sentiment analysis as a more robust method for quantifying positive and negative
emotions linked to the activities.

Sentiment Analysis: To quantify participants’ emotions toward shared activ-
ities, we analyzed interview transcripts using Orange data mining software and
the Multi-lingual Sentiment lexicon [7]. The software assigned sentiment values
ranging from —100 (negative) to +100 (positive) through automated prepro-
cessing and analysis. This approach provided a measurable dimension to the
qualitative data, reducing individual biases compared to subjective scoring.

Mapping the Influencing Factors of Bonding: Following the procedure of
Statement Card Analysis [23], we collected meaningful interview quotes, grouped
similar ones into themes, and aggregated these into overarching meta-themes.
This approach helped reveal factors contributing to or hindering bonding during
shared activities.

Thematic Coding: We conducted a thematic analysis using Atlas.ti software,
following an inductive approach to develop codes from the interview data. The
coding process involved grouping these codes into categories. Recurring codes
that appeared at least three times were included in the larger category. Less
frequent codes were reviewed by two additional designers; only those agreed
upon by all three designers were included. This approach allowed for a granular
examination of the data, revealing intricate patterns and relationships between
codes related to elements that contribute to successful bonding.

This analysis led to the development of the design framework for intergener-
ational bonding through shared activities, detailed in the results Sect. 4.1.

3.2 Framework Design and Concept Selection

To answer RQ2, which focuses on creating solutions to strengthen generational
bonding through shared experiences, two creative sessions were conducted, using
the design framework for intergenerational bonding developed in 3.1 to inform
idea generation. The first session, using the Creative Diamond 2.0 model [14],
involved four design students from Delft University of Technology, who reviewed
interview insights and generated ideas through various steps. The second session,
with three other students, used inverse brainstorming from the Co-design with
Kids toolkit [18] to encourage unconventional thinking. These sessions produced
eight design proposals, visualized as storyboards with generative ATl (DALL-E
3). One example is shown in Fig. 1, more can be found in the thesis [27].

Five experts from diverse backgrounds rated the quality of design propos-
als on a 7-point Likert scale, ranging from ‘ineffective for bonding’ (1) to ‘very
effective for bonding’ (7). The evaluation applied comprehensive criteria encom-
passing all elements from the design framework of intergenerational bonding
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(Table1). Following this, experts assessed each of the framework’s four layers
to determine how well these layers aligned with their decision-making, aiming
to verify the validity of each layer within the framework. Based on their feed-
back, the design proposals were refined into four final concepts for further family
testing.

and i 1 take
turns recording their dreams, wishes, or
personal experiences. As the story or
dream is shared, the machine initiates
the creation of cotton candy. The color
and flavor of the cotton candy are
dynamically tailored to reflect the mood
or key elements of the narrative. For
instance, a story about the ocean might
yield cotton candy with a blue hue and a
blueberry flavor. The more stories and
¢/ experiences are shared, the larger the
cotton candy grows. Upon completion,
ar and gr il 1 can
jointly indulge in the cotton candy. This
system not only encourages the sharing
of stories and dreams but also creates a
tangible, delightful outcome from their
intergenerational bonding.

Fig. 1. Visualized storyboard for the proposal “dreaming cotton candy machine.”

3.3 Evaluation (Family Test)

Three mixed-gender grandparent-grandchild pairs, with grandparents aged 70—
82 and grandchildren aged 8-12, were recruited through TU Delft networks.
These participants were different from those in previous interviews. Participants
were introduced to the research context and presented with four storyboards
illustrating design concepts. After each concept presentation, discussions were
facilitated to gather feedback on likes, dislikes, and potential enhancements.
Sessions were audio-recorded, transcribed, and analyzed thematically to assess
the designs’ impact on intergenerational experiences and relationships.

4 Findings
4.1 Interview and Analysis

Sentiment Analysis: We analyzed sentiment values from 10 participants across
13 activities, totaling 130 data points. VR/AR games were excluded due to par-
ticipants’ inexperience. Sentiment values indicated general sentiment towards
each activity: larger positive values reflected stronger positive emotions. Figure 2
indicates a significant divergence between children’s and grandparents’ prefer-
ences. Grandparents predominantly favor storytelling, sharing family stories, and
handcrafting, whereas children prefer cooking and games.

Mapping the Influencing Factors of Bonding: Table 1 shows positive and
negative factors fostering connections presented in order of their frequency of
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Fig. 2. Sentiment scores and thematic network

being mentioned by participants. Positive factors in fostering bonding include
balancing the interests of children and grandparents. Grandparents often priori-
tize their grandchildren’s preferences but guide them toward mutually enjoyable
activities. Both groups experience joy and fulfillment when they can actively con-
tribute and feel valued. Other important factors include the educational value
of activities, children’s personal growth, and practical skills like cooking. Chal-
lenges arise from grandparents’ lack of confidence, slower reactions, and limited
tech skills, leading to frustration and reduced participation. Another difficulty is
keeping up with children’s changing interests. Additional obstacles include time
constraints, passive involvement, and boredom, especially when children find the
activities less engaging.

Table 1. Positive and negative factors of intergenerational bonding

Positive Factors Frequency Negative factors Frequency
Balance of Interest 22 Incapability 24
Individual Contribution |18 Dynamic of Interests/ 15
Educational Value 16 Time Constraints |11
Emotional Connection |15 Passive Involvement |10
Inclusive and Challenging|15 Boring 10

Thematic Coding: We synthesized codes into broader themes. For example,
‘emotional guidance,’ ‘encouragement,’ ‘patience,” and ‘supportive presence’ were
merged into ‘Support.” Relationships between themes were identified, such as
how ‘physical and tangible interactions’ contribute to ‘engagement’.

Thematic Network: The analysis organized interview codes to highlight both
frequency and thematic connections. Larger codes indicate broader themes that
group related interaction qualities. Positioning of themes reflects semantic rela-
tionships, with similar or co-occurring qualities placed close together. This orga-
nization reveals how certain qualities interlink to strengthen intergenerational
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bonds; for instance, a “justified challenge” frequently contributes to a “positive
experience,” while the “manifestation of talents and skills” fosters “attention and
affection.” Such interconnected qualities play a crucial role in enhancing inter-
generational bonding.

Four-Layer Design Framework: By investigating the relationships between
themes, larger categories were defined based on their contributions to success-
ful intergenerational bonding. These categories include Prerequisites (Ensure
activities are accessible to all participants.), Techniques (Implement spe-
cific, actionable methods to connect generations.), Strategies (Apply broader
approaches for achieving desired outcomes), and End Goals (Create desired
impacts on intergenerational relationships). This structured framework guides
the design of technology for intergenerational connections, progressing logically
from foundational elements to meaningful outcomes. Detailed explanations of
these components are provided in Table 2.

4.2 Concept Selection

The ideation workshops produced eight distinct proposals aimed at enhancing
intergenerational interactions (see Table 3). Five design experts evaluated these
concepts on a 7-point Likert scale, which we translated to a 0—100 scale for easier
interpretation. Mean scores reflect overall expert preference, with higher values
indicating greater satisfaction and perceived potential of the concepts.

Concept Ranking: Home Scavenger ranked highest with a mean score of
80.00% and a low standard deviation (6.67%), indicating a strong consensus on
its personalization through family artifacts, which enhances intergenerational
understanding and education. Co-plant followed closely with a mean score of
76.67% (SD 13.33%), valued for promoting sustainability and mutual learning
in plant care. Dreaming Cotton Candy Machine scored 73.33% (SD 17.00%),
appreciated for fostering language development and connection through food,
though with some concern over health impacts. Silent Storytelling had a mean
score of 70.00% (SD 12.47%), praised for combining traditional storytelling with
interactive shadow play, supporting open-ended narratives that engage both gen-
erations. These four designs stand out, receiving notably higher scores compared
to others. See Fig. 3(a) for details.

Evaluation of the Design Framework: Experts assessed the framework’s
coherence and utility by evaluating how well each layer’s components aligned
with their scoring criteria. They rated the overall effectiveness of each layer on a
single scale at the end. As in Fig. 3 (b), the prerequisite layer scored an average of
73.33%, with a higher standard deviation (34.32%) reflecting a range of opinions
on its influence. In contrast, the technique, strategy, and end goal layers scored
averages of 70.00%, 83.33%, and 90.00%, respectively with low SD. This indicates
these layers effectively guided evaluations and were considered highly influential
in the success of the design concepts. The framework, particularly its higher
layers, proved to be a valuable tool in assessing and developing intergenerational
technology designs.
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Table 2. Explanation of the components in the framework

Framework layer Components Explanation
Prerequisite Inclusivity Accommodate a wide age range
Low threshold of Easily understandable, not require
participation excessive resources
Techniques Attention and affection Attention and recognition from each
other
Fairness in competition Perceived fairness during competition
makes people feel engaged and valued
Genuine achievement Enable a sense of accomplishment,
fostering pride and a shared sense of
success
Manifestation of Showing talent or skills provides a
talents /skills natural path toward collaboration or
education
Laughing and humor Create a light-hearted atmosphere,
encouraging joyful feelings
Physical and tangible Tangible elements strengthen the sense
interactions of physical togetherness and connection
Justified challenge Appropriate challenges can increase
engagement, not frustration
Strategies Exploration Freedom of exploration fulfills curiosity
and willingness to discover
Education and learning Mutual learning, and skill sharing
between children and grandparents
Support Grandparents make them available to
give any level of support that children
request
Collaboration Children and grandparents both invest
and contribute in their own ways
Habituality Children and grandparents develop the
interaction into a habit or ritual between
them
End goals Engagement Capture the interest of children and

Mutual enjoyment

Positive Experience

grandparents, maintaining their
involvement and interaction throughout
Enjoyable for both parties, for similar or
different reasons

Leave both children and grandparents
with pleasant memories and a desire to
engage in future interactions
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Table 3. Concepts explanation

Concept NumberName Explanation

1

The Activity Generator A machine generates activities
that cater to both grandparents’
and children’s interests

Home Scavenger A treasure hunting system that
hints children to explore stories
behind objects at grandparents’
home

The Rumor Machine A machine printed funny fake
reports to facilitate debate and
discussion between generations

“Silent” Storytelling A shadow play system allows
users to control the animal

shadows with body movement
and react to narrative stories

Fun Battling Unconventional game triggers
humorous competition between
grandchildren and grandparents

“Dreaming” Cotton Candy A machine changes people’s
Machine dreams and stories into different
flavors and colors of cotton
candies

Mini Detective Puzzle-solving game for children
to play as detectives and
grandparents play as judges

Co-plant A planting system connects
grandparents and grandchildren
through real plants and digital
plants

Mean Scores (%)
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90- —— Standard Deviation (%) 100

80.0% -35 900%
80- %
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(a) Mean Scores and Standard Deviation (in %) for Each Concept  (b) Mean Scores and dard Deviation (in %) for F k Layer

Fig. 3. Mean score and standard deviation of concepts and the design framework
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4.3 Testing the Framework with Families

Our scenario-based storyboards successfully stimulated rich discussions with the
grandparents and grandchildren interviewed. Participants demonstrated an abil-
ity to understand and relate to the four design proposals, envisioning poten-
tial uses within their own families. Their responses highlighted opportunities
for future technology designs to improve intergenerational experiences. Four
key themes emerged. First, Facilitating Conversations: participants valued
concepts that naturally encouraged dialogue, with Grandparent P3 describing
Home Scavenger as “more concrete than just a conversation” and Dreaming Cot-
ton Candy enhancing storytelling through food. Second, Promoting Shared
Responsibilities: activities like plant care fostered mutual engagement, as
Grandchild P1 noted, “the grandmother knows what she’s doing is going to her
grandchild,” creating a shared bond. Third, Encouraging Creativity: both
Silent Storytelling and Dreaming Cotton Candy facilitated free-form creative
expression, with Grandchild P2 appreciating the freedom to “create anything”
and others enjoying the ability to use the cotton candy’s color, shape, and fla-
vor to construct unique stories. Finally, Health and Well-being emerged as
a consideration, particularly concerning screen time and sugar intake. Grand-
child P1 commented that “cotton candy is made out of pure sugar,” while both
Home Scavenger and Co-plant raised concerns about overreliance on technology
potentially impacting physical interactions.

Family tests provided further insights, as no single concept emerged as uni-
versally preferred, indicating the diversity of user needs and preferences. User
values aligned closely with our framework components: (1) “Engaging conversa-
tion” corresponded to the framework’s “engagement” goal. (2) Shared responsi-
bility reflected the “collaboration” aspect. (3) Creativity emerged as a significant
factor, supported by expert reviews and previous studies [18]. However, the tests
also revealed important considerations: (1) Health concerns: It’s better to avoid
promoting unhealthy eating habits. (2) Technology balance: Technology should
enhance, not replace, direct engagement.

5 Discussions

Our study aimed to develop insights into how technology can bond grandpar-
ents and grandchildren during physical meetings. The findings reveal several key
points that contribute to the understanding of intergenerational relationships
and technology design.

Main Findings: Our interviews revealed a significant attitude gap between
children and grandparents in shared activities. Grandparents favor storytelling,
consistent with prior studies [4], while children prefer cooking and games. For
children, cooking represents cultural continuity and practical knowledge beyond
the school curriculum, especially with family recipes, aligning with research link-
ing cooking to warm intergenerational relationships [17]. Both groups value the
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‘fun’ element in games, yet a competence gap can cause dissatisfaction, as grand-
parents tend to let younger children win, while older children seek fair compe-
tition. This divergence underscores the challenge of designing ‘one-size-fits-all’
solutions, leading us to elements within activities that could benefit bonding.

Theoretical Implications: Our framework advances the field beyond broad
themes like “communication” and “leisure activities” often found in intergen-
erational studies. While the Intergenerational Solidarity Model [5]emphasizes
shared activities, our work provides practical guidance for improving these inter-
actions. By incorporating detailed, actionable components, our framework offers
a nuanced understanding of the factors influencing intergenerational bonding,
particularly in the context of technology-mediated interactions.

Methodological Contribution: Our approach utilized multiple analytical
methods on the same dataset, showing that combining various techniques can
yield rich insights despite the small sample size. Each method provided a unique
subset of insights: Sentiment analysis revealed a misalignment in activity pref-
erences between grandparents and children, suggesting a need to move beyond
traditional activities and innovate new options. Mapping the influencing factors
of bonding generated insights that inspired idea exploration. Thematic analysis
produced a structured framework offering detailed guidance to refine design con-
cepts. Beyond their individual outcomes, these methods provided complementary
perspectives. For instance, when sentiment and thematic analyses aligned, they
not only highlighted which activities were favored or unfavored but also uncov-
ered the reasons behind these preferences. Conversely, when quantitative and
qualitative data diverged, this approach revealed valuable design insights. For
example, the discrepancy between preferences for cooking and time constraints
suggested the possibility of time-efficient and cooking-related solutions. This dual
lens—examining both alignment and discrepancy between data types enabled a
more nuanced understanding of user needs and potential design directions.

Practical Implications: The concepts, reflecting the content of the framework,
were tested with design experts and family groups. Experts noted a strong align-
ment between their selection criteria and the framework, indicating that concepts
incorporating more framework qualities are more likely to foster intergenera-
tional connections. Additional insights beyond the framework include the impor-
tance of environmentally conscious design, the potential to share cultural knowl-
edge, and a preference for “novelty” and “creativity.” Certain experts expressed a
preference for concepts that facilitate the creation of new memories, as opposed
to those with a retrospective focus. Additionally, designs allowing for flexibility
and imaginative interaction were favored.

These findings highlight the complexity of designing for intergenerational
relationships. While our framework provides a foundation, designers should also
consider sustainability, cultural relevance, and health impacts. The framework
was evaluated through expert and family testing, showing that concepts incor-
porating more framework qualities were more effective at fostering connections.
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Our study’s primary limitations include the small sample size and specific
cultural context. The framework development was based on a limited set of activ-
ities and validated by a small group, potentially excluding relevant activities
and broader perspectives. Future research should continue to adopt a mixed-
method approach, as it enables a comprehensive understanding of intergener-
ational design needs. To build on our findings, we recommend (1) including
larger, more diverse samples for broader generalizability, (2) developing and test-
ing physical prototypes for richer insights, (3) validating the framework across
varied contexts, and (4) conducting longitudinal studies to assess the long-term
impact of technology-enhanced intergenerational activities.

6 Conclusions

This study explores how technology can enhance meaningful interactions
between grandparents and grandchildren during in-person meetings. Using a
mixed-method approach, we captured nuanced preferences and underlying rea-
sons, even with a small data set, enabling a framework based on desired interac-
tion qualities to guide design proposals. Key findings emphasize the importance
of engaging conversation, shared responsibilities, and creativity, while also high-
lighting concerns around health and screen time. Our research offers valuable
insights for designing technologies that foster meaningful, shared experiences
between generations, especially through the guideline framework for intergen-
erational bonding presented in Table2 (Sect.4.1). Future work should focus on
larger-scale studies, prototype development, and long-term impact assessment
to advance intergenerational HCI. The challenge lies in balancing technological
integration with direct human interaction, ensuring technology enhances rather
than overshadows natural bonding experiences.
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study. This study was approved by the Human Research Ethical Committee of TU
Delft (number 3722).
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