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ARTICLE INFO ABSTRACT
Keywords: This paper presents the outcomes of a pioneering study that explores the potential of remote
Human-computer interaction (HCI) intergenerational communication to combat social isolation among children and older adults,
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Well-being

Active aging

especially under constraints posed by pandemics such as COVID-19. Acknowledging the limited
mobility of many older adults, this research aims to provide insights into how digital platforms
can facilitate meaningful exchanges between generations. Utilizing a mixed methodology
approach, the study first conducted a user interaction analysis to outline guidelines for participant
engagement with the Information and Communication Technology (ICT)-based tool called IRAGE
(Intergenerational Remote Access to Gaming Experiences) designed specifically for this purpose.
Following the development of the ICT tool, three sessions of the remote intergenerational expe-
rience were held, during which participants’ interactions were recorded and subsequently
analyzed quantitatively and qualitatively. Key findings from the study reveal that remote inter-
generational communication can significantly mitigate feelings of isolation among older adults,
contributing to their mental health and emotional well-being. Moreover, the study highlights the
effectiveness of the web-based platform in facilitating these interactions, with older adults and
children finding the user interface intuitive and the overall experience engaging. These outcomes
underscore the importance of leveraging technology to maintain social connections during
challenging times and offer valuable guidelines for developing ICT tools that cater to the needs of
diverse user groups. By demonstrating the feasibility and benefits of remote intergenerational
communication, this research contributes to the broader discourse on active aging and the role of
digital technologies in promoting social inclusion and emotional health.

1. Introduction

The older adult segment of the population, those aged 65 years and older, represents the fastest-growing segment [1]. The scientific
community has conducted several studies on the importance of healthy aging for older adults [2-5].

Social isolation significantly affects this group’s health and quality of life [6]. The COVID-19 pandemic has further intensified the
social isolation experienced by older people [7,8]. This highlights the necessity of developing effective strategies to combat social
isolation, which can negatively impact older adults’ physical and mental health, well-being, and active aging.
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1.1. Intergenerational communication and older adult well-being

In this context, intergenerational communication is relevant in mitigating isolation and fostering connections between generations.
Dinkins [9] stated: “Social participation, relationships, mood, and mental health are some of the aspects of health that are achieved as a result.
It has been demonstrated that the intergenerational connection provides older adults with benefits such as increased generativity, improved
cognitive functioning, and a greater sense of self-worth”.

Similarly, Simionato et al. [10] suggest that programs that recognize psychosocial development, are delivered in community
settings, use trained facilitators and support participants to build relationships through shared purpose are more likely to improve
social health outcomes.

There is significant interest in intergenerational communication in the scientific field. For instance, Jiménez-Roger and Sanchez
[11] and Silverstein et al. [12] have researched intergenerational solidarity within families. Likewise, Jothikaran et al. [13] emphasize
the importance of intergenerational and inter-family care for older adults. Canedo-Garcia et al. [2] and Gualano et al. [14] state that
participation in these intergenerational communication experiences has short- and long-term benefits for children and older people.
Similarly, the findings of Zhong et al. [15] and Lemaire et al. [16] show that participating in intergenerational programs can improve
physical and mental health, cognitive function, social relationships, and overall well-being.

Technology to achieve intergenerational communication has also been explored in several scientific articles. Reis et al. [17] discuss
how technology increasingly facilitates communication and meaningful interactions between different generations, especially younger
and older adults. They highlight the potential role of technology in supporting intergenerational connectivity, but note that research
exploring this area is limited. The scoping review conducted in the study identifies emerging concepts, such as the focus on games.
Similarly, Phang et al. [18] identify different strategies and contexts in which these programs are effective, such as access to digital
technology and video calls.

Many older adults face mobility problems due to age-related medical conditions. This can prevent them from participating in
intergenerational experiences, leading to a lack of health benefits [19,20]. Additionally, COVID-19 restrictions have further limited
in-person participation in these experiences due to the fear of infection [21]. Several studies have been conducted on the availability
and use of technology among older adults [22,23]. The results of these studies indicate that older adults are gradually adopting
technology, such as digital health technologies and smart devices. Nonetheless, there are still hurdles to be cleared, and attempts are
being made to account for older adults’ unique requirements and difficulties in developing and implementing technology.

1.2. Contribution to the field

Research increasingly supports the efficacy of ICTtools in enhancing communication across generations. For instance, studies have
documented that video calls, messaging apps, and social media platforms can significantly increase the frequency of communication
between generations [24-26]. This is particularly beneficial for families spread across different geographical locations, allowing them
to maintain closer ties despite physical distances. Further research indicates that older adults are primarily engaged with ICT for family
and social connections, as well as accessing information [27]. Those in the 65-70 age bracket and those with higher education levels
tend to be more active users. A crucial factor for this demographic is visual accessibility, which, if not addressed, can hinder their
ability to use digital platforms, including accessing vital government resources [28]. Ethnographical studies reveal a strong desire
among older adults to feel included and competent in using ICT, despite challenges related to cognition and usability [29]. While
experience can mitigate visual and manual interaction issues, cognitive challenges often persist, suggesting a need for tailored solu-
tions. Adaptive user interfaces are proposed to address such challenges by offering real-time personalization to meet the individual
needs of older adults, accommodating common issues like cognitive decline and vision loss [30]. Enhancing web accessibility with
context-sensitive aids, such as customized layouts and voice prompts, is also discussed as a means to improve the digital experience for
middle-aged and older users [31]. Social media and photo-sharing apps facilitate shared experiences, allowing families to stay con-
nected through the sharing of pictures, videos, and updates. This digital engagement offers a unique opportunity for grandparents to
remain involved in their grandchildren’s lives [19]. Regular ICT communication is also highlighted as a method to combat loneliness,
particularly for older adults living alone, showcasing the role of digital tools in reducing feelings of isolation [32]. However, it’s
important to acknowledge certain caveats. The digital divide remains a barrier for some families, limiting access to technology or the
skills needed to use it effectively. While ICT can increase the frequency of communication, it does not inherently ensure the quality of
interactions. Moreover, digital communication cannot fully replicate the emotional depth of face-to-face interactions, which are
crucial for building strong emotional bonds.

In conclusion, while ICT tools provide a valuable means to supplement and enhance intergenerational communication, they should
not be seen as replacements for traditional in-person interactions. By addressing these points, our manuscript intends to clearly
articulate how our study’s objectives fill the existing gaps in research, reinforcing the importance of ICT in promoting meaningful
intergenerational communication.

We would highlight the contribution of our study to the field in 4 aspects. (1) The Impact of Social Isolation: While the detrimental
effects of social isolation on older adults’ health and quality of life are well-documented, our study seeks to address the gap in research
concerning effective strategies for combating this issue through intergenerational communication. The COVID-19 pandemic has
exacerbated social isolation, underscoring the urgency of finding innovative solutions. (2) Benefits of Intergenerational Communi-
cation: Although the benefits of intergenerational communication for older adults, such as enhanced cognitive functioning and
improved sense of self-worth, are recognized, there is a need for more empirical evidence on how specific intergenerational
communication strategies can be implemented effectively. Our study contributes to this area by exploring the use of technology to
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facilitate these interactions. (3) Technological Solutions for Intergenerational Communication: The potential of technology in sup-
porting intergenerational connectivity is a promising field, yet research exploring practical implementations and outcomes of
technology-facilitated intergenerational programs remains limited. Our study addresses this gap by evaluating the effectiveness of a
specific ICT tool in enhancing intergenerational communication. (4) Mobility Issues and Technology Adoption among Older Adults:
While mobility problems and the COVID-19 pandemic challenge older adults’ participation in intergenerational experiences, there is
an ongoing need to understand how technology can be tailored to overcome these barriers. Our research adds to the conversation by
examining older adults’ technology adoption and identifying ways to make digital platforms more accessible and user-friendly.

1.3. Theoretical framework

1.3.1. Scientific research conducted to date

To better understand the current research on remote intergenerational communication, scientific articles were searched in the
Scopus and Web of Science (WoS) databases for the last ten years. The search was conducted in May 2020 and updated in September
2023. The search terms (“elderly or older adults or adult people”) and “communication” and “intergenerational” and (“remote or
online or on-line””) were used in the title, abstract, and keyword fields. A total of 75 records were found. Duplicates were removed from
each database considered (31 records removed) remaining 44 full-text documents were assessed for eligibility. After analyzing them, 5
were excluded because they did not include intergenerational communication. Additionally, 18 documents were excluded because
they were on a different topic. Finally, 21 documents containing data from 16 sources, 73 authors, 79 author keywords, and 952
references were included. The average number of citations per document is 23.1.

There is a significant lack of scientific publications on remote intergenerational communication with older adults, with only 21
publications. Additionally, 73 authors have contributed to these publications, and only 5 have more than one publication. These facts
highlight a significant research gap on the topic. Fig. 1 displays four critical aspects of the “remote” component, extracted from the
analysis of 21 articles. The two most common aspects are using ICT and social networks (aspect number two) and the health benefits for
older adults (aspect number three). On the other hand, the least common aspects are the reduction or absence of mobility (aspect
number one) and computer applications developed by the authors (aspect number four). Please note that the percentages in Fig. 1 do
not add up to 100 % because some documents may contain several relevant aspects.

Out of the 21 documents examined, mobility difficulties in older adults were the least addressed, with only 3 out of 21 documents
covering the topic. However, in 2019, 7 out of 10 documents focused on the problems caused by the COVID-19 pandemic. The fear of
COVID-19 infection has also impacted the mobility of older adults. As a result, in the post-pandemic society, older adults are expe-
riencing increased social isolation due to these consequences [14]. The analyzed documents indicate that “social isolation” is one of the
main problems affecting the health of older adults, both positively and negatively [20,33-35]. Other studies have explored the benefits
of older adults engaging in intergenerational interactions through virtual tools [2], promoting health maintenance and well-being
[36], coping with stress caused by COVID-19 [21], using social media for intergenerational communication with young people
[371, promoting active and digital aging [38], exploring intergenerational relationships for older adults [19], and examining the
psychological impact of COVID-19 on intergenerational communication [39].

The analysis of 21 articles revealed that most utilized pre-existing ICT tools such as social media platforms like Facebook, Twitter,
and Instagram. However, there were six articles where the authors developed their own ICT tools for conducting research with older
adults. Four such tools were developed: Photo Alive! [40,41] and Tangible Social Content Service System [35] that relied on the use of
family photographs, Social Connector [33,42] that facilitated intergenerational communication via short synchronous and asyn-
chronous messages between members of the same family, and Memotree [43] that involved creating a family tree of the participating
family in an intergenerational experience. In all these ICT tools, intergenerational communication occurs between members of the
same family (intrafamily). In addition, none of the four ICT tools analyzed in our qualitative study includes intergenerational
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28.6%

6 | Documents
14.3% T\ Applications
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no mobility and/or social benefits for developed by

networks older adults the authors

O Number of articles

Fig. 1. Presence of four relevant aspects related to the keyword “remote”.
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communication with members of other families (interfamily) or a gaming component. The inclusion of interfamily communication is
deemed essential for its potential to introduce diverse perspectives, increase engagement through gaming, and address the pressing
issue of social isolation, enhancing mental health with innovative solutions. Our study suggests that future research and development
in ICT tools for intergenerational communication should consider these aspects to maximize their impact. Table 1 shows a summary of
the four ICT tools mentioned, comparing their characteristics with the ICT tool developed in this study.

This study justifies the development of a new ICT tool that enables remote intergenerational communication among older in-
dividuals. In our case, the newly developed ICT tool allows for interfamily communication and includes a story creation game to

increase motivation for participation in the experience.

Table 1
Summary of the four ICT tools found.
Summary Users Key elements Gaps
Photo Alive! Communication system using - Use of family ..
. C tit
smart TV and internet browser. photos. X Competitive
The objective is to establish Various X Collaborative
communication by tagging and communication X Creative
commenting on family member’s channels (Voice,
photos. SMS, Email) X Game
X Final prize
X Inter-familiar
communication
Tangible Communication system using TV 13 Use of family X Competitive
Social and remote control. It can also be photos. P
Content used on a smartphone. Use of social [X Collaborative
Service The objective is to communicate networks X Creative
System easily among family members. (Facebook)
X Game
X Final prize
X Inter-familiar
communication
Social Asymmetric communication 9 Use of short X Competitive
Connector system between the members of messages. P
a family. Synchronous and [X Collaborative
The objective is to provide older asynchronous / Creative
adults with technological access communication
to family information stored in X Game
the cloud. v Final prize
X Inter-familiar
communication
Memotree Communication is carried out 39 Build a Family Tree. X Competitive
through video and chat rooms. Communication- P
The objective is to promote based on Social v Collaborative
intergenerational communication Network Sites V Creati
reative
through SNS (SNS)
X Game
v Final prize
X Inter-familiar
communication
IRAGE Synchronous and 22 Obtain a / Competitive
videoconference communication. collaboration prize P
The objective is to promote through a game v Collaborative
intergenerational communication / Creative
through a game
v Game
v Final prize
v Inter-familiar comm.
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1.3.2. Protocol support theories
The protocol of our study was inspired by these theories.

@ Social Learning Theory [44]: This theory is based because it emphasizes that people learn from observing and imitating others. In
an intergenerational game, players of different ages can learn from each other, making the game more engaging and educational.
The video conference tool was key to achieving that.

@ Flow Theory [45]: It’s all about finding the perfect balance between challenge and skill. Intergenerational games need to be
designed so that players of all ages can experience flow, keeping them hooked and having fun. To guarantee this, we use familiar
themes for children and older people.

@ Activity Theory [46]: It focuses on how people engage in activities to achieve their goals. In an intergenerational game, players of
different ages can work together to achieve common goals, fostering cooperation and teamwork. A common prize at the end was the
ingredient to fulfil this requirement.

@ Intergenerational Interaction Theory [47]: It specifically deals with interactions between different generations. It highlights the
importance of creating opportunities for meaningful connections between players of different ages in an online game. Remem-
bering meaningful experiences offers these opportunities in the game.

@ Motivation Theory [48]: It explores what drives people to engage in activities. Intergenerational games need to tap into players’
motivations from different age groups to keep them interested and invested in the game. We explored this theory using mechanics
as extrinsic rewards.

1.4. Objectives and research hypotheses of the study

This research aims to determine if older adults can use ICT tools to communicate remotely, reduce social isolation, and benefit from
communication with their families, especially younger members. Zahn et al. [49] compared three game modalities for older people:
competitive, collaborative, and creative. One of the main conclusions drawn by Zahn et al. [49] is that participating in creative games
can increase verbal communication skills. Based on this finding and other considerations, we propose an experience where participants
can communicate through a creative storytelling game. This experience was carried out in Spain for nine months, from September
2020 to June 2021. The game consisted of developing and explaining a story. Three sessions were conducted with 22 volunteer users,
including 13 children and nine older adults.

To validate the hypothesis, the research will be guided by the following questions.

- RQ1: What computer technology can facilitate remote interaction between children and older adults?

- RQ2: What should be the ideal user interface for remote intergenerational communication experiences between children
and older adults?

- RQ3: Are ICT tools suitable for enabling children and older adults to participate in remote intergenerational communi-
cation experiences?

The following text is a research report divided into four sections. The first section presents a user interaction analysis of an ICTtool
designed to support a remote intergenerational communication experience, describing its implementation and feedback. The second
section presents the results of the feedback provided by the volunteers who participated in the experience. The third section answers
the research questions. Finally, the main findings and conclusions of the research are presented, including the validity of the original
hypothesis.

Table 2
Platforms and their advantages and disadvantages.
Type Advantages Disadvantages
Desktop application Effective tools for software development. Difficulty of distribution and installation.

Low portability.
It is not designed for remote connection.
Depending on the operating system.

Native mobile Limited power of development tools. Only mobile and tablet devices are The distribution and installation required should be
application allowed. minimal.
High portability. Depending on the operating system.
Prepared for remote connections. The device screens are relatively small.
Web Application Powerful development tools.

Accessible from any device with internet access
Very high portability.

Remote connections inherent to technology
Not operating system dependent

No distribution or installation is required.
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2. Materials and methods

In this study, a mixed methodology approach was adopted to gain a better understanding of the topic. Firstly, a user interaction
analysis was conducted to obtain guidelines for the participant’s interaction with the ICT tool used in the study. Secondly, the
experience and ICTtools were designed to support the study. Thirdly, three sessions of the experience were held, and the participants’
comments were collected and analyzed.

2.1. Prior analytical review

To make it easier for people to use the ICT tool that will be used for the remote intergenerational communication experience in this
study, we analyzed various computer development platforms. The goal was to identify the most appropriate platform for end users.

2.1.1. Platform development and deployment framework

To make the experience accessible to users with different needs, we needed to use technology that catered to their requirements.
Table 2 compares the advantages and disadvantages of various development and usage platforms.

After analyzing the pros and cons of different platforms, we decided to develop a web-based system. A web system is easily
accessible from any device with an internet connection, making it highly portable and available. It eliminates the need for software or
operating system installations, making it easy for older adults and children to use. Moreover, participants can access the web system
via video conferencing using a URL. The development and design tools for web systems are powerful, and there is a lot of information
available about them. The complex animations required for the remote intergenerational communication experience we aim to create
can be easily implemented in a web system, which can improve the user experience and make it even more enjoyable.

2.1.2. User interaction

Various authors have suggested guidelines for designing user interfaces suitable for older adults [50,51]. These user interfaces
should be easy to navigate, intuitive, and feature non-aggressive, well-contrasted colors to accommodate age-related visual impair-
ments. To evaluate the usability of a proposed ICT tool, two prototypes were developed, each with a different style of human-computer
interaction based on the aforementioned recommendations. The prototypes were evaluated using a usability test in interviews with 18
users, consisting of 7 children aged between 7 and 16 years old and 11 adults aged over 65 years old. This evaluation of the prototype
was carried out between May and June 2020. In the initial prototype, the user’s interaction with the system was guided by buttons.
However, in the second prototype, the interaction was directly manipulated by the interface elements. We conducted interviews to
gather relevant information about age, gender, use of information technology, devices used, and the preferred interaction version
(with or without buttons). Table 3 displays the results of the user interaction test that was conducted.

Based on the findings presented in Table 3, the participating children (rows 1 to 7) are split in their preference between the two
versions provided in the study. Three of the children preferred the version with buttons, while four preferred the version without
buttons. On the other hand, the older adult participants (rows 8 to 18) expressed a clear preference for version 1, which is the one with
buttons.

Regarding technology, all participants use a device where a web page can be displayed (PC, Tablet, or mobile phone). However, for
older adults, this device is usually a mobile phone. It was found that the button-guided interface was preferred by 4 out of 6 men and 8
out of 12 women, which is exactly 67 % for both genders. On the other hand, regarding the direct manipulation interface, the pref-
erence percentages are complementary for both genders, which is 33 %. Therefore, it can be concluded that gender did not influence

Table 3
Results of user interaction interviews.
N Age Gender Play? PC Tablet Smartphone Version*
1 7 Woman Yes No Yes No 1
2 7 Man Yes No Yes No 2
3 9 Woman Yes Yes Yes No 2
4 9 Woman Yes Yes Yes No 2
5 10 Woman Yes Yes Yes No 1
6 10 Woman Yes Yes Yes Yes 2
7 12 Woman Yes Yes Yes Yes 1
8 66 Woman No No No Yes 1
9 66 Woman No No No Yes 1
10 66 Woman No No No Yes 1
11 67 Woman No Yes No Yes 2
12 67 Man No Yes No Yes 1
13 69 Man Yes Yes No Yes 2
14 69 Woman No No No Yes 1
15 70 Man No No No Yes 1
16 70 Man No No No Yes 1
17 74 Man No No No Yes 1
18 79 Woman No No No Yes 1

Note: * (1) With buttons; (2) Without buttons.
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the choice of either interface.

2.1.3. Inferences derived from prior analytical review

According to the data analysis of the previous study, it has been observed that most older adults do not use their PCs or tablets
regularly. Instead, they prefer using mobile phones. Furthermore, they tend to gravitate towards button-based interfaces as they are
accustomed to physical buttons like the ones found on calculators. This preference can be linked to the fact that they learned computer
science when touch screens were not available, and interfaces were operated with buttons. The buttons have been incorporated mainly
to guide players through the game process, ensuring they always know what to do.

After reviewing the results of a previous study, it has been decided to create an interface for the button-controlled web application
that will guide the entire game process. The color combinations will be soft and not very aggressive but with high contrast. In addition,
the interface should have smooth animations to make it more attractive and enjoyable, increasing interest and playability. You can find
an overview of how the computer application should be designed in Table 4.

2.2. Analysis of the remote intergenerational communication initiative

2.2.1. Participants

The study on remote intergenerational communication involved 22 volunteers participating in three sessions. The participants
were selected from different regions of Spain, including Barcelona, Lleida, Zaragoza, and Granada. The sample consisted of 13 children
below 16 and nine older adults aged 65 and above. We followed ethical protocols to ensure this research project’s proper imple-
mentation. Participants signed a consent form outlining the study’s purpose and objectives. In this case, informed consent has been
obtained from the parents or legal guardians of the participants below 18 years of age. The parents or guardians have provided written
permission, indicating their awareness of their children’s participation in the activity and their understanding of the conditions. This
informed consent ensures that the parents/guardians are fully informed about the nature of the activity and have given explicit
approval for their underage children to participate in it. Participant consent is available upon request.

To achieve a representative sample, the following selection criteria were considered: (1) Age Range: Children participants were
selected within the age range of 7-17 years, and older adults were selected with an age requirement of 65 years and above. (2)
Geographical Diversity: We ensured that participants were located in various geographical areas across Spain, emphasizing the in-
clusion of individuals from regions far apart to capture diverse experiences and perspectives. (3) Technological Accessibility: Par-
ticipants were required to have access to a device equipped with internet connectivity and a webcam, enabling their active
participation in the remote intergenerational communication experience. (4) Team Composition: It was essential for the teams to
consist of at least one child and one older person to participate in the experience, facilitating direct intergenerational interactions.

This experience aims to promote intergenerational communication through the use of ICT tools. Each participating team must have
at least one child and one older adult. The first phase of the experience involves the creation of a story by each team based on a roll of
dice. A creative play style is encouraged to facilitate communication between the participants, who, in this case, will be from different
generations. In the second phase, the teams present their stories to the other participating teams and points are awarded based on
specific criteria. These points will be used to determine a common final prize in the third phase, where teams must negotiate their
preferences based on their earned points. This final phase includes a competitive component, which, as per Zahn et al.’s findings [49],
enhances the fun of the participants.

2.2.2. Experience

During the intergenerational communication experience, a videoconferencing tool was used to facilitate remote communication
between team members, participants, and researchers. This tool was the ZOOM platform [52]. During the first phase of the experience,
which consisted of story creation, each team had access to a private videoconferencing room for remote communication between team
members. In the second and third phases of the experience, all participants and researchers used a common videoconference room for
communication. An ICT tool with web technologies has been developed from scratch to carry out the experience. The development of
this web application has followed the guidelines described in the previous study (refer to Table 4). Our research team developed this
tool and hosted it on a web server owned by the University of Lleida. The development and its use in the experience will be explained
below.

Table 4
Design process overview.
Item Guidelines
Technology Web Technology
Interaction style Button-guided direct manipulation style
Colors to use Soft, high-contrast colors
Interface elements Smooth animations to increase the interest and playability of the experience
Interface elements Recognizable interface elements
Interface elements Clear layout of screen elements: grouped and aligned elements
Theme Friendly theme “The Garden of Dreams” (see next section)
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2.2.3. Mechanics

The first step of the experience is the formation of the teams. The coordinator of the experience assigns a team to each participating
group, consisting of at least one child and one older adult (Fig. 2a). During the first phase of the game, each of the participating teams is
connected to a private videoconferencing room, along with a researcher from the development team. The researcher is in charge of
solving technical problems, if any, and of dynamizing this part of the experience. In this phase, a child and an older adult will work
together to generate a phrase. They will use this phrase to create a story to tell the rest of the teams during the second phase. The phrase
is created based on three random variables. These variables are determined by rolling dice. For the first variable, a topic is chosen from
six categories. The second variable is a basic emotion, selected from the six basic emotions proposed by Paul Ekman [53]: fear, anger,
disgust, sadness, joy, and surprise. The third variable determines whether the story should be real or invented. To complete this project
phase, an ICT tool has been developed, illustrated in Fig. 2b.

During the second phase of the experience, all the teams join together in a common videoconference room, together with the
coordinator of the experience. Each team takes turns explaining its story, and the other teams try to guess the emotion provoked by the
story and whether it is real or invented (Fig. 3a). Teams earn points for storytelling and predicting the emotion and type of story. This
phase involves intergenerational remote communication between children and older adults, not only with people they know (members
of their team, interfamily communication) but also with people they don’t know (members of other teams, intrafamily communica-
tion). The points earned by participating in this phase are necessary to keep the participants motivated throughout the intergenera-
tional communication process (Fig. 3b).

In the third phase of the experience, the teams remain in the common videoconference room with the coordinator. In this phase, all
team members participate in intergenerational communication. This phase involves negotiating how to spend the points earned for a
standard reward. The reward consists of constructing a “Garden of Dreams’’ by obtaining different elements for the garden. Initially,
the garden is empty, and each participating team must decide which elements they want to include in their garden. Throughout the
process, remote intergenerational communication will be generated between the teams. During this phase, all participants are
encouraged to collaborate and negotiate with each other, as everyone shares the reward. To avoid frustration among teams that may
not have achieved many points, the scoring system has been designed so that each participating team can earn some rewards indi-
vidually. However, the best rewards are obtained through collaboration between several or all participating teams. Fig. 4a shows the
relevant part of the ICT tool for this third phase. In Fig. 4b, the final prize is displayed, along with the details achieved by teams
participating in this remote intergenerational communication experience.

Table 5 shows the entire process of the experience, showing each phase’s characteristics.

The ICT tool employed in this study introduces several innovative features compared to other tools analyzed, distinguishing it in the
realm of digital platforms. A comprehensive analysis of various technological platforms informed the selection of a web-based platform
for the tool’s distribution (refer to Table 2). Furthermore, the design of user interaction with the ICT tool was meticulously crafted,
drawing on insights from our prior study examining interactions between children and older adults (refer to Table 3). These elements
underscore the tool’s novelty in the context of this research.

However, the most innovative aspects of the ICT tool lie in its orientation towards providing a gaming experience [17] to enhance
motivation [49], coupled with its capability for remote use. This latter feature is particularly crucial as it enables participation from
individuals with limited or no mobility.

2.2.4. Technical specifications of the ICT tool developed

To develop the ICT application used in this research, different prototypes of the elements that users had to manipulate have been
made. Prototypes have also been made regarding the location of these elements on the screen. After carrying out the previous analysis
of the interaction with the user, certain elements were discarded, and the final arrangement of the elements on the screen was chosen.

To the Garden

Tell a real story what
happened to you or someone
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Team 2
Team 3

Team 4

el
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Fig. 2. The first phase of the experience.
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Fig. 3. The second phase of the experience.

From this previous analysis, the conclusion was reached to create the ICT tool with web technology. A relational database was
developed to manage information related to the experience. Fig. 5 shows a diagram of activities of all user interaction (including the
coordinator) with the ICT tool. Fig. 6 shows the structure of the remote communication of the participants in the experience. This
figure shows the typology of the videoconference rooms where the participants connect in each of the phases of the experience and
their interaction with the different parts of the ICT tool developed.

Since it was necessary to implement smooth animations of the elements, the user interaction part was implemented with HTML5 +
CSS3. These technologies offered very powerful tools for creating a required user interface.

The PHP language was used for the information management part (scores, elements of the final prize, interaction management,
etc.). This language allows for object-oriented programming, which is necessary due to the complexity of the developed tool. The
MySQL relational database management system (RDBMS) was used to store and manage information. The PHP language has libraries
specialized in connecting and processing data on this RDBMS. Fig. 7 shows the steps in the development process of the ICT tool (IRAGE)
implemented.

2.2.5. Collection of feedback data

At the end of each session, the participants were asked to fill out a form to provide feedback on their experience. This feedback was
later analyzed to gain insights. Table 6 in the “Results” section lists the questions from the post-test, the aspects they evaluated, and the
type of answer provided. For the first two questions (Q1 and Q2), which required quantitative responses, a Likert scale [54] was used.
The scale ranged from 1 (strongly disagree) to 7 (strongly agree).

It should be noted that the responses to questions Q3 to Q7 are free text, meaning participants were free to express themselves
without any guidance. To make sense of these qualitative answers, each of them has been converted into a quantitative format. It’s
important to note that the same qualitative answer can be converted into different quantitative answers, resulting in multiple answer
categories of the same question. Therefore, the sum of occurrences (£(n)) for questions Q3 to Q7 may not always be the same, and the
count may not always be equal to the total number of participants (n = 22) in the study. To account for this, the information is also
provided as a percentage.

We used questions Q1 and Q2 to evaluate the confidence generated by the web application for internet use and the usability of the
ICT tool used in the experience for older adults and children. To gather users’ opinions on the remote intergenerational communication
experience, we individually analyzed each qualitative question (questions Q3 to Q7). The results for each question are presented in the
“Results” column in the format “n = x (y%)”, where “x” represents the number of responses for each category and “y” means the
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Fig. 4. The third phase of the experience.

Table 5

Characteristics of each phase of the experience.
Phase 1 Story creation phase 2 Storytelling and points collection phase 3 Negotiation and final prize obtaining phase
Communication type Intrafamily communication Intra and interfamily communication Intra and interfamily communication
Duration 15 min for each group 5 min for each group 20 min for all participants
Skills [26] Creative and collaborative Collaborative and competitive Collaborative and competitive
VideoConference room Private for each team Common for all teams Common for all teams

percentage of total responses.
3. Results
3.1. Content analysis

Table 6 presents the question number, text, response type (qualitative and quantitative), results, and graphs.

Both children and older adults have reported that using this ICT tool has boosted their confidence in using other applications that
require the use of the Internet or computing devices in general. This was revealed through their answers to questions Q1 and Q2.
Additionally, both groups of users found the app’s user interface easy to use. They mentioned that people unfamiliar with the app can
use it easily.

According to question Q3, users participating in remote intergenerational communication have had a positive experience overall.
91 % of users (n = 20) rated their experience as good, very good, or excellent. Two users (9 %) did not respond to this question. None of
the users rated their experience as “bad”. When asked about the most positive aspect of the experience (question Q4), participants
rated the intergenerational communication generated during the sessions as the top highlight. Out of the 20 participants surveyed, 46
% expressed their preference. Among them, 28 % considered “Being with my grandparents/grandchildren” (12 participants) as the
most important factor, while 18 % (8 participants) chose “Meet other people”. Interestingly, 28 % of the participants (12 in total) used
the words “being with my grandparents” instead of “talk” or “play” in response to question Q4. The word “being” to describe the
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Fig. 6. Remote communication of the participating teams with the developed ICT tool in the different phases of the experience.

communication between children and older adults indicates the closeness that can be achieved through such an experience. There was
a noticeable difference in the feedback received from users who participated in the game. 19 % of users (n = 8) appreciated the
creativity and storytelling aspect of the game, while 21 % (n = 9) appreciated the entire game development process. Furthermore, 12 %
of users (n = 5) found the remote completion of the game to be a very positive aspect due to COVID-19 safety measures. Out of all the
surveyed participants, 41 % (n = 9) did not perceive any negative aspect of the experience or the use of the ICT tool (question Q5). 18
% of those surveyed (n = 4) suggested improving the scoring system would be desirable. Only 9 % of users (n = 2) encountered
computer problems, such as a lack of connection or practice with the computer. Lastly, only 5 % of users (n = 1) gave negative feedback

about the mechanics of the experience.

The participants of the remote intergenerational communication experience were asked about the most significant new features of
the experience (question Q6). According to their responses, the three most notable aspects were interacting with other people (marked
as 1), experiencing the remote component (marked as 2), and being protected against COVID-19 (marked as 4). These three aspects
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Fig. 7. Development process of the ICT tool.

represented 56 % (n = 14) of the overall experience. Additionally, 59 % of respondents (n = 13) stated they would not change or add
anything to the experience or ICT tool (question Q7). However, 23 % of participants (n = 4) suggested using avatars to personalize the
teams and add more emotions and categories to generate a greater diversity of stories.

Regarding the limitations, we acknowledge that the initial unfamiliarity with Video Conferencing tools among some older par-
ticipants presented challenges. Our empirical evidence indicates that while a portion of the elderly population did face difficulties in
adopting new technologies, many were able to overcome these barriers with proper guidance and support. This finding is critical as it
underscores the importance of tailored training and support systems in facilitating the use of digital tools among older adults.

On the other hand, our study also uncovered a significant strength of our intervention: its practicality in an increasingly digital
world. The empirical evidence gathered through our research demonstrates the tool’s effectiveness in enhancing communication
between older adults and their families. By providing a segment of the population with tools that facilitate easier communication, our
solution addresses a crucial need in today’s digital society. This contribution is particularly valuable given the ongoing digital
transformation, which risks excluding those not proficient with new technologies.

In summary, our work allows older adults to stay connected with their families in an increasingly digital world.

3.2. Inferential statistical analysis

Inferential statistical analysis of the data has been performed to support the quantitative results, providing a stronger evidence
base.

The number of children and older adults who participated in the experience was not equal. We thought that their opinions should
be very similar. Thus, we assumed that there would not be a difference in means between the two groups.

To fit these requirements, we choose a T-test. The null hypothesis for the t-test of two samples with unequal variances states that the
two groups have no difference in means. The typical formulation of the null hypothesis would be as follows:

Null hypothesis: The mean opinion in group 1 (children) is equal to the mean opinion in group 2 (older adults).

Regarding the p-value to reject the null hypothesis, a significance level of 0.05 (or 5 %) is commonly used. If the p-value obtained
from the statistical analysis is less than 0.05, it is considered that there is sufficient statistical evidence to reject the null hypothesis and
conclude that there are significant differences in means between the two groups.

It is important to mention that the p-value represents the probability of obtaining the observed or more extreme results, assuming
that the null hypothesis is true. Therefore, a p-value less than 0.05 indicates that the observed results are unlikely if the null hypothesis
were true, suggesting that it is more likely that there is a real difference between the means of the two groups.

We performed the statistical analysis in the file “Intergenerational _statistics.xlsx”. In all cases, the p value > 0.05 indicates that we
could not reject the null hypothesis. This points out that the opinions of children and older adults were not "really" different.

We also calculate the d-value, or Cohen’s d for Welch test, to estimate the effect size. The Welch test is a variant of t-test used when
the equality of variance can’t be assumed. The effect size can be computed by dividing the mean difference between the groups by the
“averaged” standard deviation.

Because the effect size is medium-large, it means there’s a meaningful difference between the groups. That’s relevant because it
shows something interesting is happening. However, the p-value being greater than 0.05 might be due to a small sample size or other
factors. It is being noted and will be improved in the following test. All the cases are calculated in the previous file.

12
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Table 6
Post-test results.
Question Question text Response type Results
Q1 Will playing this game improve my confidence in gaming or using the internet? Quantitative response (1-7 on a Likert n =03 (14
scale) %)
n = 00 (00
%)
n = 00 (00
%)
n = 00 (00
%)
n =04 (18
%)
n=04(18
%)
n =11 (50
%)
Q2 Do you think people of all ages who are not familiar with online devices or the Internet ~ Quantitative response (1-7 on a Likert n = 00 (00
could play this game? scale) %)
n = 01 (05
%)
n =02 (09
%)
n = 01 (05
0/0)
n =02 (09
%)
n = 06 (27
%)
n =10 (45
%)
Q3 How did you feel about your experience? 1. Bad n = 00 (00
%)
2. Good n =10 (45
%)
3. Very good n =05 (23
%)
4. Excellent n =05 (23
%)
5. No response n =02 (09
%)
Q4 What I liked the most about this experience is ... 1. Spend time with grandparents/ n=12(28
grandchildren %)
2. The game n=09 (21
%)
3. Socializing with others n =08 (18
%)
4. Ensuring safety during COVID-19 n=05(12
%)
5. Exploring creativity and story n =08 (18
%)
6. No response n =01 (02
%)
Q5 What I liked the least about this experience is ... 1. I liked everything. n=9(41 %)
2. Scoring system. n=4(18%)
3. Disagreements. n =1 (04 %)
4. Computer problems. n=2(09 %)
5. Game dynamics. n=1(04%)
6. Others/No response. n=>5(23%)
Q6 In this game, when we have been together, it has been different from other times because 1. Relationship with others n=7(28 %)
2. Remote experience n=6 (24 %)
3. Game typology n=1(04%)
4. COVID-19 safety measures n =1 (04 %)
5. Nothing new n=>5 (20 %)
6. No response n=>5(20%)

(continued on next page)
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Table 6 (continued)

Question  Question text Response type Results
Q7 Are you interested in introducing something new to your gaming experience? 1. Nothing further to add. n=13(59
%)
2. Include avatars. n =01 (04

%)

3. More emotions and categories needed.  n = 03 (14
%)

4. Add game dynamics. n =01 (05
%)

5. No response. n =04 (18
%)

We have used a 95 % confidence level for mean in the calculations for Cohen’s d for Welch test. With a 95 percent confidence
interval, we have a 5 percent chance of being wrong.

4. Discussion
4.1. Findings from the keys studies

This section thoroughly examines the methodologies employed, the findings uncovered, and the conclusions drawn from the key
studies referenced.

Impact of Social Isolation: The studies by Refs. [7,8] underline the exacerbated social isolation among older adults due to the
COVID-19 pandemic. While these studies provide valuable insights into the issue, they often lack a detailed exploration of effective
mitigation strategies. Our research addresses this gap by examining how remote intergenerational communication can serve as a
potent strategy to counteract isolation.

Benefits of Intergenerational Communication: The work of Dinkins [9] and Simionato et al. [10] highlights the positive effects of
intergenerational interaction on older adults’ well-being. However, these studies sometimes do not fully explore the role of technology
in facilitating such communication. Our study contributes to this area by focusing on designing and implementing an ICT tool that
enhances these interactions, particularly in a remote context.

Technological Solutions and Accessibility: The findings of Reis et al. [17] and Phang et al. [18] shed light on the potential of tech-
nology in supporting intergenerational connectivity. Nevertheless, there is an acknowledged need for research into developing specific
ICT tools tailored for this purpose. Our research responds to this call by not only presenting a new ICT tool but also evaluating its
effectiveness and accessibility for older adults and children.

Mobility Issues and Technology Adoption among Older Adults: Previous studies [22,23] have documented the gradual adoption of
technology by older adults. While these works provide an important foundation, they often overlook older adults’ specific challenges
and requirements in intergenerational communication contexts. Our study seeks to fill this void by offering insights into the devel-
opment and usability of ICT tools that cater to the unique needs of older adults, facilitating their participation in remote intergen-
erational experiences.

In addition, we have made Table 5, which compares the ICT tool developed in our study with the ICT tools analyzed.

4.2. Responses to research questions

This article examines the various factors that affect remote communication experiences between generations, for both children and
older adults. Based on the data analysis carried out in the previous sections, the following are the answers to the research questions that
were posed.

RQ1: What computer technology can facilitate remote interaction between children and older adults?

After analyzing the findings in Tables 2 and it can be concluded that web applications are the most suitable platform for remote
interaction between children and older adults. This is because web applications do not require installation, are independent of
operating systems, and can be accessed from various devices. As there were no significant usability issues encountered during the
remote communication experience, the web platform was an optimal choice for users conducting the tasks.

RQ2: What should be the ideal user interface for remote intergenerational communication experiences between children and older
adults?

The analysis of data collected through interviews with 18 users (7 children and 11 older adults) regarding human-computer
interaction in Section 2.2.3 suggests that when designing computer systems for these age groups, it is important to consider certain
factors. Users prefer non-aggressive colors, buttons to guide the process, and smooth animations of the different elements to improve
interest and playability. It is also important that the interface elements (such as dice and cards) are both visually and conceptually
recognizable to build confidence in using the application. These findings are particularly significant for computer systems aimed at
older people. Please refer to Table 4 for more details.

RQ3: Are ICT tools suitable for enabling children and older adults to participate in remote intergenerational communication
experiences?
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The study aimed to answer this research question by creating a real-life remote intergenerational communication experience
through a game. An ICTtool was developed to support the entire experience based on the answers to research questions RQ1 and RQ2.
The study found that the intergenerational communication experience helped participants gain enough confidence to use other
computing devices and applications, as seen in Table 6 (questions Q1 and Q2). This result is similar to that of Gutiérrez et al. [42], who
found that older adults who participated in a remote intergenerational communication experience were more comfortable with
technology.

Based on the analysis of Table 6, the suggested design guidelines have been proven effective in facilitating the use of the application
for both children and older adults. The average score for the usability questions, Q1 and Q2, was 5.6 out of 7 and 5.8 out of 7,
respectively. This indicates that the users are highly satisfied with the ease of use of the web application they have used.

Of the 22 participants, 20 rated their experience of remote intergenerational communication as good, very good, or excellent. The
participants reported that communication between children and older adults was one of the most positive aspects of the experience.
Some participants used the words “being with my grandparents” to describe the physical proximity they felt during the interaction. The
experience also provided a feeling of protection against COVID-19. Therefore, it can be inferred that children and older adults can
engage in remote intergenerational communication experiences with the benefits that come with them, as explained earlier in this
work. This is done using ICT tools that adhere to guidelines like those presented in this article.

4.3. Implications of the findings

Our study validates the suitability of intergenerational communication as an effective means to counteract the isolation experi-
enced by older adults and to improve their emotional well-being. However, it introduces a novel approach by leveraging computer-
based tools to facilitate these interactions remotely. This adaptation is particularly relevant in increasing physical distancing mea-
sures, mobility issues among older adults, and the growing need for accessible communication solutions.

By implementing and assessing the effectiveness of a specifically designed ICT tool for remote intergenerational communication,
our research offers several contributions to the current understanding in this field:

Advancement of Existing Knowledge: Our results advance the existing body of literature by demonstrating that remote intergener-
ational communication, facilitated through ICT tools, is not only feasible but also beneficial in reducing social isolation and enhancing
the emotional health of older adults. This finding is crucial as it extends the applicability of intergenerational communication strategies
to settings where traditional face-to-face interactions may not be possible.

Challenging Traditional Communication Models: Our study challenges traditional models of intergenerational communication that
rely heavily on physical presence and direct contact. By showing positive outcomes through remote interactions, we highlight the
potential for technology to bridge the gap between generations in previously underexplored ways.

Confirmation of Theoretical Propositions: The positive outcomes observed in our study confirm theoretical propositions suggesting
that social connections and meaningful interactions are vital for the well-being of older adults. Our findings reinforce the importance of
social participation and relationships in promoting emotional health, aligning with previous research emphasizing these factors as
critical components of active aging.

Furthermore, our study sheds light on the practical implications of using ICT tools for intergenerational communication, suggesting
that with appropriate design and implementation, such tools can effectively mimic the benefits of in-person interactions. This reve-
lation is significant as it opens new avenues for research and practice in aging, technology, and intergenerational studies.

In summary, we can address different directions by filling empirical gaps for future technology development in this area. Our
research could focus on a specific under-studied demographic within intergenerational communication, like elderly populations in
rural areas with limited tech experience. Additionally, many studies focus on short-term effects. Our research could examine the long-
term impact of ICT use on intergenerational communication patterns and relationships, studying the evolution of a case. We can also
explore how ICT use influences the quality of communication beyond just frequency, showing if people can engage in more profound
conversations. Moreover, we can look at the effectiveness of other ICT tools, like virtual reality experiences or collaborative online
games, in fostering connection. Regarding the theoretical implications, we find that expanding communication models is possible. Our
findings could inform existing communication theories by highlighting how ICT creates new channels and dynamics in intergenera-
tional communication. For example, our game was followed by other applications such as Discord or WhatsApp. Additionally, our
research could contribute to understanding how digital literacy skills impact social integration for older adults. The digital divide can
be mitigated by exploring how policies and interventions can bridge the gap in access and facilitate meaningful ICT use for all age
groups. To examine the practical implications, we point out that our research can guide the creation of user-friendly and accessible ICT
tools designed explicitly for intergenerational communication. The development of training programs can provide older adults with
the skills and confidence to use ICT tools effectively to connect with younger generations. Furthermore, family communication
strategies can give families practical guidance on leveraging ICT tools to enhance the quality and frequency of their intergenerational
communication. By addressing these gaps and exploring the theoretical and practical implications, our research can significantly
contribute to understanding and promoting meaningful connections across generations in our increasingly technology-driven world.

5. Conclusions
During the Spanish flu pandemic in 1918, isolating patients, and imposing restrictions on social interactions and travel bans did not
entirely stop the spread of the disease. However, it did slow down its transmission [55]. In the case of the COVID-19 pandemic, social

distancing measures have effectively reduced the spread of the virus and, consequently, increased the need for isolation. Previous
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studies have shown that intergenerational communication experiences play a crucial role in combating isolation among people. Our
study uncovered the transformative power of remote intergenerational communication in bridging the gap between children and older
adults, particularly in times of social distancing necessitated by pandemics like COVID-19. By harnessing innovative information and
communication technologies (ICT), this research proves the viability of such interactions and showcases their significant impact on
enhancing mental and emotional well-being, thereby combating the pervasive effects of social isolation. Introducing an innovative
storytelling approach has further enriched these interactions, serving as a powerful medium for personal expression and mutual
understanding. Echoing the World Health Organization’s emphasis on pandemic preparedness [56], our findings advocate for inte-
grating remote intergenerational communication as a crucial strategy for maintaining social connections and fostering active aging,
even in the face of future global health crises. Furthermore, the study highlights the empowerment achieved through familiarizing
participants with ICT tools, demonstrating that, despite initial barriers, meaningful engagement in these digital experiences is possible
and beneficial. This comprehensive exploration reaffirms the value of remote intergenerational communication for older adults’
quality of life and sets a precedent for future research to build on these insights, ensuring that society is better equipped to leverage
technology in sustaining intergenerational bonds amidst challenges.

6. Future work

In our future research endeavors, we aim to delve deeper into enhancing remote intergenerational communication experiences,
considering the insights gained, and the limitations encountered in our current study. Specifically, we plan to focus on the following
areas: (1) Improvement of ICT Tools: We acknowledge the need for more user-friendly and integrated ICT solutions to facilitate these
experiences. Our goal is to develop an enhanced web application that incorporates video conferencing functionalities directly,
eliminating the necessity for participants to switch between different systems. This integration aims to streamline the user experience
and address one of our key limitations — the technological barriers for less tech-savvy users, particularly older adults. (2) Revision of
the Scoring System: Feedback from participants indicated that the current scoring system was not as intuitive as desired. We plan to
redesign this system to be more user-friendly, ensuring clarity and ease of understanding for all participants. This revision directly
responds to the limitations identified in engaging participants effectively and maintaining their interest throughout the experience. (3)
Expanding the Scope of Research: Encouraged by the positive outcomes of this study, we aim to broaden the scope of our research to
include a wider variety of games and activities that can be facilitated through our ICT tool. This expansion seeks to address the
limitation of a somewhat narrow focus in our initial study and explore the potential of remote intergenerational communication in a
broader context. By conducting further intergenerational experiences of this kind, we aim to expand the initial sample to reaffirm the
results obtained. (4) Addressing Geographic Limitations: A notable limitation of our study was its geographic confinement, as we
restricted participation to individuals within Spain to ensure a common language, thus avoiding the barrier of differing languages.

Also, integrating custom conversation topics could be done by creating a list and using mechanisms like rolling a die or spinning,
choosing one. Additionally, the importance of improving app graphics for aesthetic appeal and improving accessibility has been
highlighted, including audio descriptions and pictogram adaptations for inclusivity. These improvements aim to serve a broader
audience, including those with visual impairments, underscoring the need to create inclusive digital spaces. Future research avenues
may include investigating the impact of these features on user experience and inclusion. By addressing diverse user needs and pref-
erences, such as offering various levels of conversation for different purposes, we can improve our understanding of the effective design
of digital communication tools. This approach not only enriches our application, but also contributes to the broader field of accessible
and engaging technology development.

In conclusion, by critically reflecting on the limitations of our current study, we are committed to advancing our research in remote
intergenerational communication. We believe these focused efforts will contribute significantly to overcoming the identified chal-
lenges and enhancing these experiences’ efficacy and impact. We invite fellow researchers to engage with our work and further explore
the vast potential of ICT in bridging generational gaps and fostering meaningful connections.
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