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The recent years have witnessed striking global demographic shifts. Retired elderly people often stay home, seldom
communicate with their grandchildren, and fail to acquire new knowledge or pass on their experiences. Digital
technologies based on virtual reality (VR) with tangible user interfaces (TUIs) were introduced into the design of a novel
interactive system for intergenerational learning, aimed at promoting the elderly people’s interactions with younger
generations.
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| 1. Physical and Mental Health of the Elderly

According to a report by the European Union, more than half of the world’s population will comprise 48-year-olds or above
by 2060, indicating that aging will keep accelerating in the next few decades . Meanwhile, Taiwan has an aging
population and a declining birth rate, giving the older and younger generations fewer opportunities to interact than they did
in the past. Many studies showed that college students generally had a slightly negative view of the elderly, especially
concerning the latter’s physical and mental health BRI, However, it is worth noting that the two generations have fewer
interactions. As the elderly age with time, they continue to suffer from physical and mental functional decline and become
subject to increasing pain, discomfort, and inconvenience in life, giving rise to psychological changes. Furthermore, aging
can be both physiological and psychological. In terms of physiology, Zajicek & held that the elderly could not see clearly
and would easily become tired due to vision and memory degeneration. In addition, they easily forget how to operate a
computer. With respect to their psychological conditions, the elderly are more likely to feel depressed in hard times, such
as when they lose family members, friends, social roles, and physical functions. Thus, according to Shibata and Wada &,
some recreational activities may be adopted as an option when communicating with the elderly. Chatman [ also found
that some of the elderly in a community were so afraid of being sent to nursing institutions after retirement that they did
not want to share their health conditions with others, even pretending to look healthy.

Research on the aging of seniors revealed that despite physical and mental changes of the elderly people, an aging
society is blessed with a remarkable advantage—abundant older human resources. The most valuable thing that the
elderly have lies in their wealth of work and life experiences, considering they lived through diverse situations. If older
people can participate in more meaningful activities, their experiences can be shared with younger people to promote
social progress. Moreover, their physical and mental health will be improved, reducing medical expenditures.

| 2. Intergenerational Learning

Intergenerational learning programs were implemented in 1963 when the P.K. Yonge Developmental Research School in
the United States developed the “Adopt a Grandparent Program”. Thereafter, many colleges and universities have begun
studying and implementing intergenerational learning programs. In response to generational estrangement caused by
population aging, intergenerational learning, which refers to the establishment of mutual learning between the older and
younger generations, has emerged globally €. Intergenerational learning has been regarded as an informal activity
passed down from one generation to another for centuries—a culture bridging tradition and modernization . In modern
times, influenced by an increasingly complex society, intergenerational learning is no longer limited to the family, but its
influence extends to society and improves the overall social value 19,

Ames and Youatt 11 proposed a comprehensive selection model for intergenerational learning and service activities in
classifying conventional intergenerational learning, which can help planners design more diverse and richer learning
activities. The model can be divided into three parts: the middle generation, program categories, and selection criteria. In
addition, Ohsako 12 divided intergenerational learning into four models/profiles: (1) older adults



serving/mentoring/tutoring children and the youth; (2) children and the youth serving/teaching older adults; (3) children,
the youth, and older adults serving the community/learning together for a shared task; and (4) children, the youth, and
older adults engaged in informal leisure/unintentional learning activities.

Over the past few years, the degree of interaction has been considered a classification criterion. Kaplan & thought that
this criterion could more effectively explain the positive or negative results of intergenerational learning, and classified
intergenerational programs and activities accordingly into the following seven different levels of intergenerational
engagement, ranging from initiatives (point #1 of the below) to those that promote intensive contact and ongoing
opportunities for intimacy (point #7 of the below): (1) learning about other age groups; (2) seeing the other age group but
at a distance; (3) meeting each other; (4) annual or periodic activities; (5) demonstration projects; (6) ongoing
intergenerational programs; and (7) ongoing, natural intergenerational sharing, support, and communication. Ames and
Youatt I put forward the most comprehensive selection model of intergenerational learning and service activities, while
Ohsako 12, from a different perspective, enabled planners to design diverse and interesting activities. On the other hand,
Kaplan & used the interaction degree as a classification criterion, and discussed how interactive methods are generated
and how deep and sustainable interactions are conducted based on commonality.

Furthermore, Ames and Youatt 12 found that conventional intergenerational learning activities were mostly service-
oriented. Thus, the value and significance of activities to participants must be taken into account when selecting and
evaluating the topics involved in the intergenerational activities. A good intergenerational program should not only meet
the expected goals, but also provide balanced and diverse activities to participants. Moreover, it is important to introduce
digital technology to make intergenerational activities more interactive and recreational for the two generations.

Finally, it is worth noticing that some scholars have investigated the applications of group learning or education from wider
points of view. For example, Kyrpychenko et al. 53] studied the structure of communicative competence and its formation
while teaching a foreign language to higher education students. The results of the questionnaire survey of the students’
responses provided grounds for the development of experimental methods for such competence formations by future
studies. Kuzminykh et al. 14! investigated the development of competence in teaching professional discourse in
educational establishments, and showed that the best approach was to adopt a model consisting of two stages based on
self-education and group education. The research results revealed that communicative competence may be achieved
through a number of activities that may be grouped under four generic categories. Singh et al. 12! proposed an intelligent
tutoring system named “Seis Tutor”, that can offer a learning environment for face-to-face tutoring. The performance of the
system was evaluated in terms of personalization and adaptation through a comparison with some existing tutoring
systems, leading to a conclusion that 73.55% of learners were strongly satisfied with artificial intelligence features. To
improve early childhood education for social sustainability in the future, Oropilla and Odegaard 28 suggested the inclusion
of intentional intergenerational programs in kindergartens, and presented a framework that featured conflicts and
opportunities within overlapping and congruent spaces to understand conditions for various intergenerational practices
and activities in different places, and to promote intergenerational dialogues, collaborations, and shared knowledge.

| 3. Virtual Reality

The concept of virtual reality (VR) was first proposed in 1950, but was not materialized until 1957. Heilig 4 developed
Sensorama, the first VR-based system with sight, hearing, touch, and smell senses, as well as 3D images. In 1985, Lanier
(18] expressed that VR must be generated on a computer with a graphics system and various connecting devices in order
to provide immersive interactive experiences. Burdea 12 proposed the concept of the 3| VR pyramid, and maintained that
VR should have three elements: immersion, imagination, and interaction. Currently, VR can be classified into six
categories according to design technology and user interfaces: (1) desktop VR; (2) immersion VR; (3) projection VR; (4)
simulator VR; (5) telepresence VR; and (6) network VR; therefore, in recent years, many experts and scholars assumed
that the VR technology can improve participants’ attitude toward and interest in learning, and that the interactions in
learning tasks can be strengthened in an immersive environment to improve learning effects 221211,

Many applications have been developed using VR technology in the past. A specific direction of VR applications for
human welfare is the use of VR in the healthcare domain. In this research direction, Nasralla 22 studied the construction
of sustainable patient-rehabilitation systems with 10T sensors for the development of virtual smart cities. The research
results showed that the proposed approach could be useful in achieving sustainable rehabilitation services. In addition,
Sobnath et al. (23 advocated the use of Al, big data, high-bandwidth networks, and multiple devices in a smart city to
improve the life of visually impaired persons (VIPs) by providing them with more independence and safety. Specifically,
the uses of strong ICT infrastructure with VR/AR and various wearable devices can provide VIPs with a better quality of
life.



Table 1 summarizes the following key points, based on relevant cases and the literature integrating both VR and the
elderly: (1) VR is proven effective and has a positive effect on improving the body and cognition of the elderly; (2) VR-
based learning activities can effectively enhance the learners’ interest and help them make more progress; and (3) older
people can adapt to VR, which can stimulate their memory according to their familiarity with a given scene, thereby
achieving the effect of memory therapy [24. As Davis mentioned regarding the technology-acceptance model (TAM) model
[25]126]127]  ysers’ acceptance of science and technology is affected by “external factors”, such as their living environment,
learning style, and personal characteristics. Thus, it is impossible to determine whether the above method can have the
same effect on the elderly in a specific society or country. In order to determine the usefulness and acceptability of VR for
older Taiwanese people, Syed Abdul et al. 28 invited 30 older people over 60 years old in Taiwan to experience nine
different VR games within six weeks, with each experience lasting 15 min. Then, they analyzed the users’ performances
with a scale based on the TAM model by Davis. The results showed that the elderly enjoyed the experience, finding VR

useful and easy to use, which indicated that the elderly held a positive attitude toward the new technology.

Author, Year

Benoit et al.,
2015 [24

Manera et al.,
2016 (221

MyndVR, 2016
[30]

George and
David, 2017 31

Rendever,
2018 32

Table 1. Relevant cases in which VR was used for the elderly.

Perceived Usefulness

Memory therapy, which used VR to present images familiar
to participants, could effectively stimulate the memories of
the elderly.

VR could be used to treat patients with cognitive
impairment and dementia, arousing their interest in
therapies.

Immersive experiences that were diverse, meaningful, and
interesting were provided to the elderly to slow down their
mental aging and treat relevant diseases.

After performing practical tasks in a 3D VR-based
environment, the elderly held a more positive attitude
toward VR.

A memory therapy that used 3D technology to recreate
meaningful scenes or places the elderly want to visit was
developed, providing immersive experiences through VR.

Perceived Ease of Use

This case was simulator VR. Users only
watched immersive projected images in a
confined space similar to VR movies.

After wearing 3D glasses, users watched a
3D projection screen and switched among
pictures by clicking a mouse.

Users could see images by wearing a simple
head-mounted VR display without any
external operation.

Users wore a head-mounted display and
used a controller to move around, and
located their hometowns in a 3D street view.

Users could see images by wearing a simple
head-mounted VR display without any
external operation.

| 4. Tangible User Interfaces

The use of tangible user interfaces (TUIs) is a brand-new user-interfacing concept proposed by Ishii and Ullmer 231, Unlike
graphical user interfaces (GUIs), TUIs emphasize using common objects in daily life as the control interface, making the
control action beyond screen manipulations. They allow users to operate the interface more intuitively by moving,
grabbing, flipping, and knocking, and in other ways that people think are feasible to control the human—computer
interface. Furthermore, TUIs grant a tangible form to utilize digital information or run programs 241,

More specifically, TUIs enable digital information to show in a tangible form. A digital interface consists of two important
components: input and output, also known as control and representation. Control refers to how users manipulate
information, while representation refers to how information is perceived. The tangible form shown in the use of TUIs may
be regarded as the digital equivalent to control and representation, and the tangible artifacts operated in applying TUIs
may be considered as devices for displaying representation and control. In other words, TUIs combine tangible
representation (e.g., objects that can be operated by hand) with digital representation (e.g., images or sounds), as shown
in Figure 1.
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Figure 1. The conceptual framework of TUIs.

The concept of TUIs has been constantly discussed in man—machine interfacing seminars, and has been applied in
various fields such as education and learning BSIB8I37 music and entertainment B899 and professional solutions 44

(421431 From the environmental psychology perspective, psychologists believed that TUIs had a tangible form and took
advantage of the “affordance” of objects 4. Some scholars, who employed the perceptual-motor theory as their research

core, focused on user actions generated between them and TUIs, as well as on the dynamic presentation of TUIs [£3]146]
[47][48]

Furthermore, TUIs provide a simpler and more intuitive way to help users accomplish goals. By combining physical

manipulations with convenient digital technology, a TUI serves as a bridge connecting users and digital content. Moreover,
TUIs have expanded the concept of interface design. Thus, scholars have conducted several discussions of the

theoretical basis and scope of the conceptual framework of TUIs.
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