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Abstract of Master’s Thesis of Academic Year 2022

MuMo:

Designing an Online-Offline Cooperative Activity for

Distanced Children

Category: Design

Summary

We are living in an era of unprecedented changes as ICT is widely utilized in our

lives and IoT/AI technologies develop. Moreover, it goes without saying that the

COVID-19 pandemic is helping to push this forward. As more people become

remotely and globally connected online, new skill sets, including collaboration,

which will be essential for the next generation of children, are now in the spotlight.

This paper addresses the design of cooperative play for children at a distance,

by the name of MuMo. Two kids will be roleplaying as creators to co-create

a picture together, using their own monsters that they each create. They will

asynchronously go through five activities using physical playing kits and online

platforms. The three design concepts are; “co-creation”, “embracing diversity”

and “tangible artifacts”.

The result of a user test showed that children played collaboratively and it

implied that physical artifacts play an important role for their creativity. However,

there were improvements to increase the sense of togetherness and to consider how

to convey the cultural aspects to their friends that they reflected on their work.

The technical challenges of the online platform were also identified.
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hood
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Chapter 1

Introduction

1.1. Learning Paradigms in 21st Century

In today’s 21st century, we are in the “age of great change” where social and

economic structures are changing drastically on a daily basis due to the advance

of ICT. Looking back at history, the first industrial revolution, which began in

the late 18th century and was followed by the second industrial revolution from

the end of the 19th century to the beginning of the 20th century, was a period

of mass production. During this period, the key skills needed for most workers

were “knowing a trade, following directions, getting along with others, working

hard, and being professional―efficient, prompt, honest, and fair (K-12 Thought-

ful Learning 2015).” However, the way people worked started to change as we

entered the third industrial revolution that occurred in the mid to late 20th cen-

tury. This was when the internet emerged. In the fourth industrial revolution, we

will see even more use of automation with the development of IoT and AI tech-

nologies. It is also predicted that “we will experience the biggest job transition in

history (IBC Colorado 2020).” We are required to have skills to respond flexibly

to this rapidly changing age, and this has led to changes in education guidelines.

The Partnership for 21st Century Skills lists a set of abilities that are required

for students in the information age. They are learning skills, literacy skills, and

life skills (Battelle for Kids 2019). Learning skills are also called 4Cs, which are:

critical thinking, creativity, collaboration and communication. These skills help

children to work together, come up with solutions and succeed in school and at

their future workplace.

Education has come to a turning point not only because we are in the fourth

industrial revolution but also due to the impact of COVID-19 pandemic. Ac-

cording to Dr. Bridget Terry Long, Dean of the Harvard Graduate School of

1



1. Introduction 1.2. Contribution and Concept of This Research

Education, the pandemic underscored what many educators already knew, which

was“ one-size-fits-all”does not work anymore, and what students need varies

(Harvard Graduate School of Education 2021). When children learn from their

home, it matters greatly about what is happening in their families and their en-

vironment they are situated in. This decentralization trend pushes forward for

the growth of online education. A report conducted by Research and Markets

in February of 2020 indicated that “by 2025, the online education market would

be valued at about $320 billion USD, representing a growth of 170% since 2019

(Interesting Engineering 2021).” Although the digital divide, a gap between peo-

ple who have access to ICT and those who don’t, is a current concern, it is

estimated that “90% of the global population will have access to broadband inter-

net services by 2050(Interesting Engineering 2021)”. Hence, online education for

each student will become mainstream in future education throughout the world.

As mentioned above, we will go through the age of drastic change accompanied

by a new normal in education. Children will need new skill sets to prepare for

these changes by utilizing the internet and emerging technologies. They will be

more connected, collaborating and creating ideas with international networks and

communities. In other words, they will need to become more responsible and

active global citizens (Akkari and Maleq 2020). Educators, educational institu-

tions and designers play an important role to empower children in such times and

therefore need to adapt to new education systems to take a practical approach.

1.2. Contribution and Concept of This Research

This MuMo project proposes a design of an online-offline cooperative activity for

physically distanced children. The aim is to prepare children to become global

citizens by fostering their collaborative skill, which is one of the learning skills

listed in 21st Century Skills. The research question is as follows;

“How might we design cooperative play for young children who are distanced

from each other to help them prepare for the coming ages?”

The activity is played by two kids around age 5-7 who are at each home. They

2



1. Introduction 1.3. Thesis Structure

will be using three platforms throughout the project: Playing Kit, Online Studio

and VR (Virtual Reality) Museum. Playing Kit is a physical cardboard kit which

comes with several paper-made activity items such as monster pieces. Playing Kit

would be delivered to each household. Online Studio and VR Museum are both

online platforms that they will access from their computers or tablets with the

help from their guardians.

The whole activity consists of five activities. In Activity 1, they CREATE their

own monsters using Playing Kit. In Activity 2, their guardians UPLOAD the

photos of their monsters to Online Studio and they will SHARE their monsters

to each other. Once they get to know each other’s monsters, they INTERACT

by giving comments and questions to each other in Activity 3. Activity 4 is CO-

CREATING a drawing together, where they have their monsters as characters in

the drawing. Finally, they will visit and ENJOY VR Museum where their drawing

is exhibited.

There are three key ideas for the design concept: “co-creation”, “tangible arti-

facts” and “embracing diversity”. “Co-creating” one drawing together is catego-

rized as cooperative play, where they work together with one goal in mind. The

second key idea is “tangible artifacts”. They play an important role in supporting

cognitive processes. Physical objects also enhance their creativity. To “embrace

diversity”, it is designed with multicultural exchange in mind, with opportuni-

ties for exposure to different languages and the use of everyday objects in the

activities.

1.3. Thesis Structure

This thesis is divided into five chapters. This introductory chapter will be followed

by Chapter 2, where related literature and works will be discussed and the role

of MuMo will be clarified. Topics include cooperative play, online collaboration

and physical artifacts in play. Chapter 3 is about the design process. Firstly

design processes of several activities and pilot tests that were implemented before

MuMo will be discussed. Then the design process of MuMo itself will be described

in detail. Chapter 4 addresses the validation of MuMo based on a user study

in which target parents and children were asked to play MuMo. Results and

3



1. Introduction 1.3. Thesis Structure

discussion follow in the same chapter. Finally, Chapter 5 concludes the paper

with a summary of the project and future work for the proposed design.

4



Chapter 2

Literature Review

2.1. Cooperative Play

2.1.1 Significance of Play

Play has been long recognized by early childhood educators throughout the world

as an essential experience for children. Nonetheless, regarding its definition, Hewes

mentioned that “it is difficult to define precisely for the purposes of multidisci-

plinary scholarly research (Hewes 2006)” . Rubin, Fein, and Vandenburg (1983)

have listed six factors that characterize play based on previous play theory and

research. They are:

1. intrinsically motivated behavior

2. attention to means rather than ends

3. organism dominance

4. non-literal and simulative behavior

5. active engagement of the participants

6. freedom from externally imposed rules

However, for the last distinction “freedom from externally imposed rules”, au-

thors stated that there are problems because “games-with-rules have been shown

to be developmentally related to earlier play behavior”. Other researchers such

as Verenikina et al. (2003) characterized play as “spontaneous, self-initiated and

self-regulated activity of young children, which is relatively risk free and not nec-

essarily goal-oriented.” These features are almost equivalent to the list of factors

5



2. Literature Review 2.1. Cooperative Play

that Rubin, Fein, and Vandenburg stated, by excluding the last factor from the

list. Therefore, this paper will characterize play as five characteristics listed above

(1 to 5).

Although there is no viable definition of play among the world, contribution

to children’s developments are common understanding in much of theory and

research. It helps children advance their cognitive, social and emotional devel-

opment. Children acquire “the foundations of self-reflection and abstract think-

ing, develop complex communication and meta-communication skills, learn to

manage their emotions and explore the roles and rules of functioning in adult

society(Verenikina et al. 2003)”. Unfortunately, many educational systems used

to teach us that playing and learning are separate activities. Today, “learning

through play” is an approach that is promoted by many early childhood pro-

grams.

The way children play has also changed over the past decades. Firstly, children

have less time to focus on play because of the trend that they have more activities

that they learn and practice from early childhood professionals. “Long uninter-

rupted blocks of time for children to play – by themselves and with peers, indoors

and outdoors – are becoming increasingly rare (Hewes 2006)”. Secondly, children

are becoming digitally native, meaning that they use digital technology and it is

a part of their lives. COVID-19 pandemic further pushed forward for children to

use technology.

Furthermore, play can take many forms, stages and levels which has been pro-

posed by play theorists. This will be discussed in detail in the latter section,

especially focusing on “cooperative play”.

2.1.2 What is Cooperative Play?

American sociologist Mildred Parten Newhall developed six levels of play regard-

ing social engagement which is applicable to two to five year olds (Verenikina et

al. 2003, Gudritz 2016). They are unoccupied (play), when an infant is perform-

ing random movements; independent/solitary play; onlooker play, when a child

observes the play of other children; parallel play, when a child plays beside, rather

than with, other children; associative play, when a child plays with other children

without any common goal; and lastly cooperative play, when a child plays with

6



2. Literature Review 2.1. Cooperative Play

others for a common purpose.

Cooperative play is said to be the final developmental stage of the six forms

requiring higher levels of interaction among children. Drew has listed five key

features of cooperative play (Drew 2020):

1. Social interaction: This includes assigning roles to one another, negotiating,

working together for the good of the group. It helps children to know others’

perspectives, learn from them, and incorporate ideas to improve their own

thinking.

2. Shared goals: Children will take turns when they work together and can

work on different aspects of a task and link them together in the end to

achieve the goal. They will need group work skills such as negotiation,

collaboration and positive communication.

3. Language use: Children get to practice language skills, both expressing their

thoughts and understanding when others speak.

4. Self-regulation: Rather than working on their own tasks and doing whatever

they want, children try to compromise, such as absorbing disappointment

or waiting their turn.

5. Agreed rules: Co-agreement of rules will let children get together and agree

upon how a game or an activity should be played.

Examples of cooperative play include working on an art project together, fin-

ishing puzzles with a group, acting characters in a play, relay races, and many

other teamwork activities. Although it is usually said that cooperative play be-

gins around the age of four, it is not the case for all children. Support from

adults is also essential in this type of play especially until around the age of six

(Muto 2013). Teachers’ role is to set the basic structure and guide (not deciding)

children to shared goals.

2.1.3 Cooperation or Collaboration

When it comes to group activities in education, cooperative learning and collabo-

rative learning are two terms that are often used interchangeably. However, there

7



2. Literature Review 2.2. Online Collaboration

are educators who emphasize a distinction between these two terms (Hord 1981,

Oxford 1997). In general, those authors identify cooperative learning to be teacher

centered and more structured, whereas collaborative learning to be student cen-

tered and less structured. Oxford had stated that the purpose is also different

too. Cooperative learning enhances cognitive and social skills via a set of known

techniques and working together to reach learning goals. Collaborative learning

acculturates learners into knowledge communities.

Recent educators, on the other hand, argue that two terms should be treated

as equivalent (Jacobs 2015, Jacobs and Ivone 2020). There are many similarities

between them (Promethean Blog 2017), for example, they rely on active student

participation rather than lecture-based learning, enhance participants’ cognitive

skills and team building skills, and embrace diversity among them. It is question-

able to explain cooperative learning as a teacher centered activity because quite

often, a student centric approach is seen during cooperative activities. Hence, the

fact that they have a lot in common for their characteristics and much of the work

uses them interchangeably, two terms would be used as synonyms in this paper.

2.2. Online Collaboration

2.2.1 Computers and Children

Many children today are digitally native, a generation in which living in an envi-

ronment surrounded by digital devices is normal. According to UNICEF (United

Nations Children’s Fund), “Children and adolescents under 18 account for an es-

timated one in three internet users around the world (UNICEF 2017)”. and Pew

Research Center survey of US parents with 5-8 year old children in 2020 showed

that children’s engagement with a television, tablet computer, smartphone were

93%, 81%, and 59% respectively (Pew Research Center 2020). Child-Computer In-

teraction (CCI) is a discipline that studies the relationship between computer tech-

nology and children. J.C. Read defines CCI as “an area of scientific investigation

that concerns the phenomena surrounding the interaction between children and

computational and communication technologies (Read and Markopoulos 2013)”.

In recent years, there has been a change in perspectives about CCI, especially
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during the pandemic. Antle et al. identify changes of parents’ perception as one

of them (Antle and Frauenberger 2020). They said that “prior to the pandemic

researchers recruiting for studies often experienced a feeling of reluctance from

parents, caregivers and/or teachers to let children participate in interactive tech-

nology and/or digital media usage”. However, since the pandemic, that thinking

has changed, and parents and caretakers are moving in the direction that they

believe it is desirable for children to participate in a variety of fields in order to

develop digital literacy. Antle also stated that “This shift may present an op-

portunity for the CCI community to contribute beyond academia to engage with

ongoing societal debates with more nuanced views on the purpose and nature of

different interactions with digital technology.” “Ongoing societal debates” here

could refer to the impact of screen time on physical and mental health problems

or the dangers of using social media (Viner et al. 2019). In response to this trend,

we as designers and researchers, need to find ways to create a foundation for both

parents and children to learn about digital technology, which is widely used in

many aspects of life, and to develop the ability to respond to such technology.

2.2.2 Use Contexts of Online Collaboration

To this day, there are many online services and studies that connect geographically

separated children or children and their families for collaborative activities. The

uses are diverse, ranging from communication to entertainment to education.

One Space (Cohen et al. 2014) and WaaZam! (Hunter et al. 2014) are examples

of communication between children or between parents and children. Both of these

studies used a video conferencing tool that merged the video feeds of two remote

places into the same virtual space. The purpose for One Space was to “promote

fundamentally active forms of engaged, co-operative play”, and WaaZam! added

the aspect of “a creative studio and a rendering engine so users can build and

interact together in worlds they construct” so that they can “support creative play

and increase social engagement during video sessions of geographically separated

families.” Note that both studies were conducted with children aged 6 years

and older. For younger children, there was a study by name of Pokaboo (Raffle

et al. 2011). This was research about a network toy where “a child will press a

button down to take their own photo, and their self-portrait will pop up on their
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partner’s device.” The result was that “it was used by the children more as a toy

and less as a communication tool.” In other words, the conclusion was that the

focus was on the objects themselves, and that more investment was needed for

remote collaborative play.

In the context of entertainment, video games such as Nintendo Switch and

Minecraft are representative of online games for children. Nintendo Switch games

such as Mario Party and Overcooked! are good examples that require multiple

players to play cooperatively. Minecraft is a world composed of three-dimensional

blocks, which players can assemble to build various objects and explore their struc-

tures. It is also possible to play with friends in multiplayer mode, another game

in which cooperative play is key. Because of its flexibility, the game is increasingly

being used not only for entertainment but also for educational purposes. One such

example is a study by Walsh et al. (2016). They used the free and open source

Minecraft clone, Minetest to develop a tool to support distributed co-design for

children. As its potential, they mentioned that “this flexibility and accessibility

from home enabled children who could not attend in-person sessions to continue

to participate with the group.”

Some online collaborations in education are based on community platforms.

Scratch, a coding community for children, is a platform that allows children to

modify other children’s creations, and DIY, which is available in both app and

website, has over 1,000 how-to videos, as well as a safe environment for chil-

dren to interact with each other. In recent years, with the increase in online

classes due to the pandemic, there have been many studies connecting school and

home. Alonso-Campuzano et al. investigated collaborative behaviors through

storytelling activities among 1st to 5th graders at home using existing online ser-

vices (Alonso-Campuzano et al. 2021). Results suggest that online collaboration

is possible, although some methodology adaptations were required for 1st and 2nd

grade students.

However, most of the studies mentioned above target a minimum age of roughly

7 years old, and few of them have targeted preschoolers. While taking into account

the impact on preschoolers as described in “2.2.1 Computers and Children”, online

activity development that allows preschoolers to engage in cooperative play is a

possible and underdeveloped area.
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Furthermore, when discussing online collaboration, it is necessary to understand

the term Computer-supported Cooperative Work (CSCW). Schmidt and Bannon

conceptualized it as “an endeavor to understand the nature and requirements of

cooperative work with the objective of designing computer-based technologies for

cooperative work arrangements (Schmidt et al. 1992)”. In terms of technologies,

it takes place in two dimensions, which are forms of cooperation and geographical

nature (Walsh et al. 2016). The forms of cooperation describe whether the work

is done synchronous, asynchronous, or mixed, in other words, whether the work is

done at the same time or not. The geographical nature dimension is whether the

participants are in the same place or not. Walsh stated that workspace awareness,

trust development, and engagement are the three most important concepts to have

in mind for research on the effects of CSCW communication mediums, since it is

likely that CSCW conditions suffer from having those as compared to face-to-face

work.

2.2.3 Cross-cultural Learning

Cross-cultural experiences that not only provide an opportunity to learn about

different values, but also to reflect on one’s own experiences and culture, have

been offered in a variety of ways. There are educational materials such as pic-

ture books and music, while some schools partner with other schools in different

regions to offer programs that allow students to correspond with pen pals. As

people become more connected with the spread of the Internet, opportunities for

collaboration among people of different backgrounds will continue to increase.

Regarding the importance of children’s cross-cultural collaborative experiences,

Yang et al. (2014) claimed that “it has therefore become very important that

current generation of students has acquired multi-cultural awareness and cross-

cultural collaborative skills before it embarks on to the work environment.” They

also mentioned that face-to-face would be the most effective way, but that only a

limited number of people could have that experience, they sought ways to utilize

online technologies for cross-cultural collaborative learning. Sharma et al. devel-

oped CityCompass, an “online virtual navigational application for conversational

language learning” to find opportunities for inclusive collaboration between Indian

and Finnish children (Sharma et al. 2019). Rötkönen et al. “connected ten learn-
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ers from a Namibian and a Finnish school in virtual communications to co-design

an interactive map game (Rötkönen et al. 2021)”. For CityCompass, the average

participant ages were 11-12 and the study was between children and researchers,

not between children. The interactive map game was conducted with children in

Grades 6 and 7, with ages ranging between 12 and 15 years. One existing service

to experience other cultures is called One Globe Kids (Zuiderveld 2018), which

offers educational content for kindergartens and schools, and their target age is

4-10 year olds. However, for safety reasons, there is no actual interaction between

the children, and the educational material is based on photographs taken in ad-

vance. Therefore, globally collaborative one-on-one interactions with preschoolers

are not well studied.

2.2.4 Collaboration in XR

Currently, when children play together online a video conference system is often

used, but XR technology will be used more in the future. Vasilchenko et al. aims

to connect XR, which they included Virtual Reality (VR), Augmented Reality

(AR) and Mixed Reality (MR), and the learning/education community to explore

“the challenges, opportunities and long-term research plans of XR technologies for

collaborative learning and co-creation (Vasilchenko et al. 2020).” The previously

mentioned study by Greg Walsh et al. is one such example (Walsh et al. 2016).

The ShareTable developed by Yarosh et al. (2009, 2013) is a “media space that

supports synchronous interaction with children by augmenting video conferencing

with a camera-projector system to allow for shared viewing of physical artifacts”

and has been user tested in divorce households. Amazon Glow, which Amazon

began selling to the public in 2022, could be said that it is the commercialized

version of ShareTable. With Amazon Glow, kids can “enjoy hands-on activities on

Glow’s projection mat, while adults join in the fun through an interactive video call

on their tablet or smartphone (Amazon 2022)”. Currently this is only available

in the United States.

There are several points to be aware of when young children are using XR. In

VR, most guidelines for head-mounted displays prohibit use by preschool children.

Hence, although research such as TALK ME THROUGH THIS! and Jackin head

uses VR to allow two players to cooperate with each other (Robles de Medina
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2016, Komiyama et al. 2017), unfortunately neither of these games are accessible

to young children due to the use of head-mounted displays. Vasilchenko et al. also

point out the risks of XR use that “the frequent and prolonged exposure to XR

environments could be harmful to our mental health, and lead to social isolation

(Vasilchenko et al. 2020)”.

However, the point here is that this is not to deny the use of XR. The advantage

of using XR technology in a collaboration is that we can “have the potential to

portray 3D spatial information, to exploit learners’ natural behaviors, and to im-

merse them in the virtual learning world (Vasilchenko et al. 2020)”. It is necessary

to understand the concerns and incorporate them appropriately into children’s co-

creation opportunities.

2.3. Physical Artifacts in Play

2.3.1 Touch Experiences and Children’s Development

In multiple disciplines, such as evolutionary biology and neurology, “the role of

sensorimotor action in cognition is well established (Sylla et al. 2019)”. Cornelia

Elbrecht mentions how it plays an important role especially for children. Accord-

ing to her article, children can “develop normally without a sense of sight, sound,

or smell. Yet without touch they grow up to be emotionally and socially dysfunc-

tional (Elbrecht 2020)”. Neurologist Wilson stated that “Our fingers and hands

are highly active and important means of perception and exploration, representing

an access to our life world which in some cases could not have been established by

any other sense modality(R. Wilson 1998)”. There is a strong connection between

hand and brain function and without active touch experiences with our hands,

children’s cortex will not become active.

Sylla stated that “the role of tools, artifacts or objects in supporting cognitive

processes is well established in education (Sylla et al. 2019)”. She also mentioned

how creativity has much to do with what tools and materials we have, and what

we make of or with them. There are well-designed toys that focus on hands-on

experience and child development. Rigamajig, a building kit designed by a toy

designer Cas Holman, inspires “creativity, collaboration, problem-solving skills,

13



2. Literature Review 2.3. Physical Artifacts in Play

and STEM/STEAM learning through hands-on play” (Rigamajig 2022). KonneKt

is designed for isolated children in hospitals to play with their friends or families.

They will stand on each side of the window and use “a versatile set of shapes which

can be attached to the window with suction cups and magnets (Jansweijer 2014)”.

This would not only allow them to enhance creativity but also helps “developing

social skills such as cooperation, teamwork and negotiation”. A graduate student

from Royal College of Art designed Imaginary Language (Alessandra 2019). It is

a set of basic geometric objects that can be combined in a various ways to foster

children’s creativity.

2.3.2 TUI

Hiroshi Ishii, the Jerome B. Wiesner Professor of Media Arts and Sciences at

the MIT Media Laboratory, is recognized as a founder of Tangible User Interfaces

(TUI) when he presented a research Tangible Bits in 1997 (Ishii and Ullmer 1997).

Sylla et al. defined TUIs as “physical representations, materials or objects with

embedded computational properties that allow interacting with and manipulating

digital content. (Sylla et al. 2019)” They often involve children by designing “play-

ful interactions focusing on learning, storytelling, dynamic systems, collaboration,

or the learning of social skills among others (Catala et al. 2018)”.TUI products

for children which are already on the market include the Amazon Glow, which

was mentioned in the previous section, and Osmo, which uses a tablet and a re-

flective mirror that attaches to the camera (Osmo 2014). Microsoft Research has

also conducted a ProjectZanzibar, which was “a flexible mat that locates, uniquely

identifies, and communicates with tangible objects placed on its surface, as well

as senses a user’s touch and hover gestures (Villar et al. 2018)”. It is similar to

Amazon Glow or Osmo in that objects placed on the mat are displayed on the

screen, but instead of a camera, the mat itself has a built-in sensor that detects

the movement of objects and hands. As suggested in the study by Fails et al.

that “embedding technology in the physical world may be beneficial to young chil-

dren (Fails et al. 2005)”, applying TUI technology for children’s education has a

great potential. However, there is a lot of technical preparation as well as expense

involved in terms of connecting each family with their children using TUI.
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2.4. Summary

This chapter has discussed the importance of cooperative play for preschool chil-

dren, the use of online collaboration in entertainment and learning, examples of

the use of new technologies, and previous research on TUI combining online and

physical activities. Among the various use contexts of online collaboration, this

chapter focused on multi-cultural exchange, which is necessary for collaboration

competence in 21st century skills, and described the significance of connecting

and collaborating with people from other regions online. It revealed that glob-

ally collaborative one-on-one interactions for young children are not well studied.

Furthermore, regarding XR, its potential can be expanded as a means of realizing

global co-creation, while taking into consideration concerns about its use by young

children. Past research has also suggested that TUIs contribute significantly to

young children’s play and learning, but their practical use is still difficult given

their technical limitations and cost when implemented in each home. Many of

the examples mentioned in the chapter are synchronous and there are few asyn-

chronous efforts. This research then proposes to design cooperative play for young

children, including those of preschool age, that can participate with their parents

or caretakers from home. They will be physically distanced from each other, and

play the activities asynchronously. From the perspective of simplicity of technical

preparation and low expenses, instead of using TUIs, it incorporates both online

and offline activities, and is designed to allow children to move seamlessly between

those two environments. For the offline activities we make use of tangible arti-

facts which come with a kit. Online activities include the use of a shared platform,

including a virtual space.
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Chapter 3

Design

This research project was always motivated by the concept of “connecting young

children at a distance” and several design processes were conducted prior to the

start of the MuMo project. For each design process, it went through defining,

ideating, prototyping, testing and redefining the design concept for the next step.

Thus, all of the experiences and discoveries gained from these processes form

the foundation of MuMo, and it is of great significance to record these initial

approaches. This part describes the initial design approach that led to the MuMo

project. It can be divided into two major phases, Phase 1 and Phase 2. Each

phase would be discussed in the following sections.

3.1. Initial Design Approach

3.1.1 Phase 1: Distance Play in a Same Space

The COVID-19 pandemic had just begun across the world during this first phase.

In Japan, attention was focused on measures that were proposed by the Ministry

of Health, Labour and Welfare, to avoid the “Three Cs”. “Three Cs” were “Closed

spaces with poor ventilation,” “Crowded spaces with many people nearby,” and

“Close-contact settings such as close-range conversations” (全国保育協議会 2020).

It was a big challenge for many fields, including the field of childcare (Japanese

Government 2020,ほいくる 2020). Many activities became individual tasks, which

made it difficult to foster the cooperative skills that are fostered through relation-

ships with friends. The aim for Phase 1 was to address this issue, and research on

play for young children that fosters cooperativeness while maintaining distance.

In Phase 1, an interview with teachers at a kindergarten, fieldwork and a test
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using a prototype were carried out.

Interview and Fieldwork

On November 12, 2020, an online interview was held with Mr. Shinta Matsufuji,

a Vice Principal of Ohno Kindergarten (Akebono Gakuen School Corporation)

about the reality and needs at the kindergarten during the pandemic. He said

that it was still difficult to avoid the “Three Cs”, and that something that can

be played with at a distance is very much in demand at the site. As fieldwork,

a balloon-carrying relay was held in the Ohno Kindergarten on November 17,

2020 (Figure 3.1). It was a game in which children competed against each other

in teams; they worked in pairs, and the team that carried a balloon on a cloth

the fastest won. This game was chosen because it allowed the children to keep

their distance while carrying the balloons. The participants, 99 children aged 5-6,

were divided into three classes and further into three teams. As a result, several

items related to cooperation were observed, such as cheering and picking up a

teammate’s balloon. Regarding the distance among the children, it was found

that although there was little contact while carrying the balloons, contact was

inevitable while waiting and when passing the balloons to the next pair.

Figure 3.1 Fieldwork at Ohno Kindergarten
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Test using a prototype

A prototype of a toy was designed based on three concepts: it maintains a

physical distance of at least one meter, it is collaborative play among two children,

and it is something that enhances creativity and intellectual development. The

toy consists of two boards with six holes respectively, six strings, and six play

cards(Figure 3.2). Based on a play card which is presented by the facilitator,

two players work together to create a shape with six strings and a board in front

of them. The test was conducted on November 15, 2020, with a 5-year-old boy

and his father (Figure 3.3). The results showed that they were able to play at

a certain distance from each other during the 20-minute play time, but for most

of the time, they played at a distance of less than one meter. The possibility of

fostering cooperativeness was also observed in the test.

Figure 3.2 Prototype (Phase 1)
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Figure 3.3 User Test Using the Prototype

As a takeaway from Phase 1, it was confirmed that it was possible to “keep as

much distance as possible” in both fieldwork and the user test, however, it was

difficult to completely separate the children from each other. It was also necessary

to reconsider whether a complete separation was really necessary between those

in the same space. Rather than targeting the children in the same space, the

possibility of a system that would allow children who are physically separated

from each other to connect online and play together, thereby enhancing their

cooperative skills, was further investigated afterwards.

3.1.2 Phase 2: Co-creating a Story in a Real-time Online

Setting

While Phase 1 explored how cooperative skills can be fostered in the same place

while maintaining distance, Phase 2 focused on how cooperativeness can be fos-

tered among children who are actually in distant places. Online classes, which

spread rapidly during the pandemic, have the advantage that anyone with an

online environment can take classes, but at the same time, several issues were

brought to light. One of them is that physical movement is restricted. This lim-

itation is a major issue, especially for preschoolers, who are at a stage in their
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lives when they are gaining many skills through physical activity. Hence in Phase

2, the possibility was examined on designing activities that would allow children

to stay at home, connect them online, and play with other children using their

bodies. In the first prototype, a full-body activity using haptics was conducted,

then redefined the research question based on the issues that emerged. Second

prototype was then created and experimented.

First prototype using haptic feedback

For body movement activity among remote families, Hunter et al. designed

WaaZam!, a video mediated communication system to “support creative play and

increase social engagement during video sessions of geographically separated fam-

ilies” (Hunter et al. 2014). However, including this study, most were conducted

with family members, and with children who were 6-12 years old, which was older

than the target age for this project. Therefore, it was examined whether such ac-

tivities could be implemented with the target age range and whether they would

have the same effect. Assuming that the use of haptic devices as well as a synthe-

sized video system would provide a greater sense of connectedness, the research

question was: “How might we utilize haptic feedback in collaborative play for

young children who are at a distance?”

In order to test this out, the author played remotely with a 5-year-old boy in two

environments: one was using a conventional video conference system alone, and

the other one was designed with haptic feedback and a video conference system

that a kid and the author would be composed into the same screen (Figure 3.4).

For the latter environment, it was a storytelling activity in which participants

went on an adventure together, by author changing virtual backgrounds. For

haptic feedback, Buruburu cushion was used, a haptic device which was used only

on the child side (Shibasaki et al. 2020). The child would stand on the cushion,

and it would vibrate when the author made a loud voice or created a noisy sound

with stomping (Figure 3.5). The test was conducted at the author’s home on

June 5, 2021. As a result, it turned out that there was little difference in play

involvement (amount of speech, concentration) between the two environments.

Moreover, the child was not so much interested in haptic feedback. It could be

estimated that children may need more complex feedback and need more room
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to be able to customize their play by themselves. The child also had problems

grasping space, such as misinterpreting something on the virtual background as

being in front of him. Furthermore, it may have been obvious, but by actually

testing in the house, it revealed that a large space is needed to capture the whole

body.

Figure 3.4 Testing Environments

Figure 3.5 A Child on a Haptic Device
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Second Prototype using tangible pieces

As takeaways from the first prototype, it was necessary to consider a design

that did not involve haptics using the entire body, in terms of the target age

and the fact that it would be played at home. Although it was not a full-body

haptic game, play with tangible objects using their hands was considered for the

next prototype. “Cultural diversity” was also brought up as a concept, for that

cooperative play helps children foster inclusivity and that the advantage of being

online is that “any children, anywhere, can connect with any other children.” I

refined my research question as follows: “How might we design cooperative play

for young children who are distanced from each other to develop their skills that

can embrace their diversity through social interactions?”

Based on this research question, a second prototype was created that allowed

two distanced children to co-create a story together with physical toy pieces.

Technically, webcams on each side captured the pieces in real time, and the two

children’s work were combined on a single screen to complete a picture together.

The screen can then be viewed in real time by two people on their respective

computer screens. The background of the picture changed several times as the

story went on. The content included things that gave a sense of cultural exchange,

for example, making a feast on a plate. Two children, ages 4 and 5, participated

in the user test (Figure 3.6). Since a remote environment was unable to arrange,

the two children played together in the same space, avoiding contact as much as

possible. They were cousins and the whole activity was facilitated by the author.

As a result, there was little interaction among them because they concentrated on

their own work most of the time. Furthermore, the 4-year-old child took time to

choose the toy pieces by himself. Since it was the first time that the author met

him, he might have been nervous or shy in front of someone he didn’t know. From

these findings, there was a necessity to reconsider the real-time interaction among

two young children. It was also confirmed that there was cultural exchange, such

as finding and sharing each other’s favorite foods.
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Figure 3.6 Co-creating a Story with Tangible Pieces

3.2. Design Process

The main findings and takeaways from several initial design approaches based on

the concept of “cooperative play between young children at a distance” are as

follows:

• It is targeted for two young children who are at home and are physically

separated from each other.

• The design of the activity is not limited to the online environment, but also

allows for hands-on play.

• The content should be designed so that children around the world can share

and enjoy cultural diversity by taking advantage of the online environment.

• Choose asynchronous rather than synchronous implementation methods,

taking into account time differences and target age groups.

The MuMo design process was developed with these considerations in mind.

This section describes why monsters were chosen as the subject matter for the

content, the process of creating the monster pieces, the design process of the

activity itself, and the process of creating the Playing Kit box.
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3.2.1 Monster Pieces

The two prototypes created in Phase 2 of the initial design approach were both

about creating a story, but they already had a plot and lacked freedom. This

limited children’s creativity. Therefore, this time, the design was intended to

allow the children to create their own characters and decide what two children

would like to create together. At the same time, however, cooperative play has a

purpose and is structured to some extent, thus too much freedom would not fit

the purpose of this project. A balance between open-ended and structured play

was very important. One idea that came up during the ideation process was using

monsters as a subject. The word “monster” has different meanings and origins in

different countries and cultures, but in a broad sense, it is a universal language

in that it refers to “an imaginary creature”. “Monster” does not have a fixed

form, and each person can freely create his or her own monster. It was a suitable

subject for a balance between structured and open-ended play.

Wanting to allow children to actually use tangible objects to create with their

hands, monster pieces were designed so that they can freely combine these parts to

create their own monsters. Several documents and apps were referred to in order

to design the monster pieces. Especially the book written by Sandra Lawrence The

Atlas of Monsters: Mythical Creatures from Around the World (Lawrence 2019)

and a monster maker app Sago Mini Monsters (Figure 3.7) were very helpful

during the design process. The author also visited the American Museum of

Natural History and got some ideas seeing the cultural costumes and ornaments

that were exhibited (Figure 3.8) . Figure 3.9 is an early sketch of monster pieces.

When designing the pieces, it was kept in mind that each piece looks like various

body parts depending on how you look at it, rather than one particular body part

so that children can think more freely.
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(Source: Sago Mini Monsters (Sago Sago Toys Inc 2014))

Figure 3.7 A Screenshot Photo of an App Sago Mini Monsters

Figure 3.8 Photos Taken at American Museum of Natural History

Figure 3.9 An Early Sketch of Monster Pieces
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Initially, the idea was to create a monster using monster pieces only (Figure 3.10

). However, it was discovered that by combining monster pieces with everyday

objects, it could also incorporate an element of “cultural diversity”. The work can

naturally incorporate things that children use and see in their daily lives. The

other child who sees the work can compare it with what he or she is actually

using, discover differences and similarities, and hence perceive cultural elements.

The colors were chosen to blend in with everyday objects rather than to be too

bright (Figure 3.11). See “3.3.6 Playing Kit” for the final design of all the pieces.

Figure 3.10 An Early Stage of Monster Pieces

Figure 3.11 Testing Out Different Colors
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3.2.2 Activities

Cooperative play is a kind of play in which children work toward a common goal,

and thus the idea was to design an activity with the goal of “completing a picture

together that involves monsters that each of the children had created.” It was also

necessary to create a scenario that explained why they were doing it, rather than

just telling them to do it. A role-playing format was adopted, and at the ideation

stage, scenarios such as each child becoming an astronaut to explore a monster

planet or a researcher to conduct experiments on monsters were considered, but in

the end, considering that the setting would not be too complicated, it was decided

to adopt a scenario in which each child would work together as creators to create

a drawing to be displayed in a museum.

The activity was designed to progress through several steps before reaching the

goal; First, there is the “creation” step where the monsters are created, followed

by the “sharing” step where the monsters are shared with a friend online, the “in-

teracting” step where friends ask questions and comment on each other’s monsters

after sharing, the “understanding” step where they learn more about each other’s

monsters by customizing them, then there is the “co-creation” step, in which the

drawing is completed, and finally, the “showing” step where the final work is ex-

hibited. The author and a friend tested whether this step flow was appropriate

and what kind of work could be created by combining the monster pieces with ev-

eryday objects. Since the test was conducted at the same time in the same place

together, it was different from the “playing remotely and non-simultaneously”

context, but communication took place only on the computer and there was little

conversation. Figure 3.12 shows how the test went on and the outcomes of the

activities are shown in Figure 3.13 .
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Figure 3.12 MuMo Pilot Test

Figure 3.13 The Outcome of MuMo Pilot Test
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As a result, feedback from the author’s friend was that the flow of the steps

was easy to understand with clear objectives, and that it was fun when she was

thinking which monster pieces to attach with the groceries. One of the improve-

ments was that since there was only one piece for each shape, there were not

enough pieces when she wanted to make it symmetrical. She also mentioned that

although there was not much talking, facial expressions played an important role

during the test. Hence it could be assumed that it would be less fun if children

couldn’t see each other’s faces. Also, as the author, the activity steps were too

many considering that this would be a non-simultaneous activity. For these rea-

sons, the design was revised to prepare most of the monster pieces in two pieces,

to post each other’s photos on the online platform, and to reduce the number of

activity steps by combining the “understanding” and “co-creation” steps. The

final activity design is described in “3.3.9 Activities”.

As a method for communicating each step to children, Sago Mini Box was a

good reference. It is a monthly make-and-play subscription that brings creative

play for 3-5 year olds (Sago Mini 2013). Each month the theme is different and an

activity is provided for each envelope. Inside the envelope is a letter, designed to

allow children to pretend to be a character in the role-play setting. In this MuMo

activity design, the Playing Kit also has envelopes that contain letters from the

museum staff with the details of the request for each activity. The final envelope

and letter designs are shown in “3.3.6 Playing Kit” .

3.2.3 Playing Kit Box

The Playing Kit, which contains the monster pieces and activity envelopes, is also

based on the Sago Mini Box. The container of Sago Mini box is a playable kit in

itself (e.g., when the theme is cooking, the box itself turns into a stove) and it is

also made of recyclable materials. Getting an idea from this existing service, the

Playing Kit for MuMo was designed using cardboards and was designed to resem-

ble a desk that would be used by a creator, in other words, the child. Figure 3.14

shows the process of making the box.
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Figure 3.14 Process of Designing the Box

3.3. Design Artifact

3.3.1 Introduction

MuMo is an online-offline activity that allows two children to play together who are

physically distanced from each other. Two kids will be roleplaying as creators who

participate in MuMo (Museum of Monsters) project. They will go through five

activities. They will first create their own monsters individually using a physical

playing kit (Activity 1), share them and interact with each other online (Activity

2 & 3), and finally work together to create a drawing with their monsters as

characters that appear in the drawing (Activity 4). Their drawing will eventually

be exhibited in a virtual museum (Activity 5).

3.3.2 Plot

Welcome to MuMo! You are joining this MuMo project as a creator. You will

have a partner, MuMo friend, who you are collaborating with. MuMo friend will

be someone around your age, who lives in a different place. You two will each

make your own monster and then create one drawing together online with those

monsters appearing in the drawing. Your monster story artwork will then be

exhibited in the virtual museum. Now, let’s start your creative and collaborative
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journey!

3.3.3 Concept

MuMo has three concepts: co-creation, embracing diversity, and tangible arti-

facts. MuMo is cooperative play, and the goal of the two children is to create a

picture together, in other words “co-create” a picture, using their own monsters.

It is also designed to give children a sense of playing together through the MuMo

platforms, albeit remotely. The second concept, “embracing diversity,” focuses es-

pecially on cultural diversity. It is designed with multicultural exchange in mind,

with opportunities for exposure to each other’s languages and the use of everyday

objects in the activities. The third concept, “tangible artifacts” is also important

for young children since the role of tools, artifacts or objects in supporting cog-

nitive processes is well established in education. It is also known for enhancing

their creativity.

3.3.4 Target Audience

This activity is designed for children with the age range of 5 to 7 year olds.

There are mainly three reasons for the target age. Firstly, as stated in “2.2.2 Use

Contexts of Online Collaboration”, there are few research studies about online

collaboration among this age group. Secondly, many studies have shown the

importance of multicultural education in early childhood (Abdullah 2009). Lastly,

as stated in section “2.1.2 What is cooperative play?”, cooperative play begins

around the age of four, which is possible and important for children around this

age group to interact with others. It is also important to note that their guardians

are required to have basic computer literacy skills since the activity uses online

tools. Even if it was their first time to use some of those tools, it is designed so

that they can participate in this activity if they have the basic skills to operate

them with explanation beforehand.The tools include: communication softwares

(zoom, LINE), interactive platforms (Miro, hubs mozilla) and a cloud platform

(Google Drive). The role and use of each online tool will be explained in the latter

section and chapter.
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3.3.5 Playing Environment and Platforms

This activity is designed for a child and his or her guardian to play at their home.

They will need access to the internet and a digital device, such as a computer

or a tablet, to join the activity. Smartphones are not suitable in terms of an

experience of a child and a guardian looking at the screen together, operability

of digital drawing, and smoother VR experience. Another physical tool that they

will need is a Playing Kit, one of the three platforms for this MuMo activity.

Other two platforms are Online Studio and VR Museum. Each platform will be

described in detail in the following sections.

3.3.6 Playing Kit

It is a 12.2 x 9.0 x 2.6 inches cardboard box with several paper-made activity

items inside. Playing Kit will be sent to each home of the two children. As you

can see from Figure 3.15, the cardboard packaging itself becomes a playing tool.

Once the child opens the box, they will find out that it resembles a desk with

two drawers. It was designed for them to immerse themselves as creators with

their own desks. Monster pieces are equipped in the left drawer and four activity

envelopes in the right.

The box itself is made out of 5/32 inch thickness of corrugated cardboard and

consists of four parts: the outer box, a separating board and two drawers (Fig-

ure 3.16). With sustainability in mind, the three-dimensional structure is formed

by folding instead of using glues or screws (Figure 3.17). This mono-material fea-

ture makes it easier to recycle the kit and it would also contribute to the quality

of the recycled material. Another sustainable aspect is that it avoids excessive

use of materials by having the function of packaging as well as the playing tool.

Since the target age range is limited and it cannot be used for a long term, it is

important to consider recyclability and reusability in the design.
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Figure 3.15 Playing Kit (assembled)

Figure 3.16 Playing Kit (before assembling)

Figure 3.17 Nets of the Cardboard Box Design
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For the items, an instruction booklet, monster pieces and four activity envelopes

are included in the box.

• Instruction booklet is for children’s guardians to read, understand and

carry out the activities in order. It is a sheet of tabloid size paper (11 x

17 inch) which is folded to make a book-like structure. Again, no plastic or

other materials are used for binding pages from the viewpoint of recyclability.

Instructions are printed on one side of the paper as shown in Figure 3.18.

It has eight pages: a front cover, a back cover, and six pages of instructions

for each activity. It is written in both English and Japanese.

Figure 3.18 Instruction Booklet (before being folded)

• Monster pieces are used in Activity 1, where children attach these pieces

to a daily object that they can find at their home to create their very own

monsters. The pieces are made out of 2 ply bristol boards and they come

in a variety of sizes, colors and shapes: 105 pieces in total, with 56 different

designs and 14 colors (Figure 3.19). Although these shapes derive from

body parts of mythical creatures or existing animals as explained in “3.2.1

Monster Pieces”, they are designed to look like different shapes rather than

a specific part of the body to encourage children’s creativity. Abstraction

was kept in mind during the design process.
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Figure 3.19 Monster Pieces

• Activity envelopes are the four envelopes that each contains playing tools

used in each activity. Since Activity 2 and 3 are combined together, there

are four envelopes instead of five. Each envelope has a letter written in the

scenario that the letter is from MuMo staff. It would be read by guardians

to the children at the beginning of each activity, with the aim of immersing

them more fully in the roleplay that they are MuMo creators.

3.3.7 Online Studio

Online Studio is where two children share their monsters, interact with each other,

and collaborate together digitally. Miro is used as a platform, which is the online

collaborative whiteboard platform used by over 35 million people worldwide. On

Miro, there are various functions such as typing, drawing, uploading files and

posting sticky notes on the vast online canvas. For this MuMo project, a section

for each activity was created on Miro in advance and children and guardians are

then asked to fill in the appropriate section using those functions. The Online

Studio looks like what is shown in Figure 3.20. The left section is “Introduction”,

where instructions and necessary URLs are provided for guardians. Unlike the

instruction booklet, which gives instructions for each activity itself, instructions

written on Online Studio focus on how to conduct the overall MuMo project as

a user test, such as when to take videos or how to use Miro. The right section
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is the “Activity”, where children and their guardians actually engage for each

activity. Speech bubbles on the very right are some examples of how they can

finish their work to give them some ideas of their final output. Texts on Online

Studio are written in both English and Japanese. How those sections are used in

each activity would be described in detail in the latter section “3.3.9 Activities”.

Figure 3.20 Online Studio

3.3.8 VR Museum

In the last stage of this MuMo activity, children will visit the VR Museum which

is a virtual room that they can enter via browsers (Figure 3.21). In the VR

Museum, their drawing is exhibited with other drawings created by other pairs of

children. By looking and walking around the space, they will find their drawing

and explore around the virtual world. Hubs by Mozilla is used as a platform to

create a virtual space for VR Museum. The 3D space is based on the existing

one provided by the service, with photos of drawings and 3D models placed in it.

Because it was intended to be a short activity for young children, 3D space which

was not too spacious, but had a different scenery point (able to go in and out of

the building) was chosen. All of the 3D models were downloaded from Hubs and

are protected under copyright of CC Attribution 1. For 3D models, it was mainly

1 Light Fixture - Ceiling Recessed by mozillareality on Sketchfab,

https://sketchfab.com/models/269fd427629548a8a0949a6493c5b223
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monsters or creatures placed in the space to make them look like they are visitors

coming to the museum.

Figure 3.21 VR Museum

Fox Minecraft by kuzneciv on Sketchfab,

https://sketchfab.com/3d-models/fox-minecraft-3c7b1e0e9a5f4897805b7ec3c4eeb5a5

Om Nom by JuanG3D on Sketchfab,

https://sketchfab.com/3d-models/om-nom-bc5863dfedb74e3c96c64962a622fbbd

Mushroom Monster by Lizzy Koopa on Sketchfa,

https://sketchfab.com/3d-models/mushroom-monster-1088371bbd6e40699e8f8eff14b28954

Little Monster by Lizzy Koopa on Sketchfab,

https://sketchfab.com/3d-models/little-monster-2df096c92c95498ca69f1e205e370e3e

Sloth Stuffed Animal by Jesse Rose on Sketchfab,

https://sketchfab.com/3d-models/sloth-stuffed-animal-

4fcb87e8e80c4e16b6c6a24804567372

Animal Ninja by little.bucket on Sketchfab,

https://sketchfab.com/3d-models/animal-ninja-60bf79c6ed5841bfa548ce7508c7ebd3

Celeste - Animal Crossing New Horizons by Ines on Sketchfab,

https://sketchfab.com/3d-models/celeste-animal-crossing-new-horizons-

2f328b60753b4b88b246fe18963d98e5

Rhinoad by keianhzo on Sketchfab,

https://sketchfab.com/3d-models/rhinoad-7123b5daac1147b7864b783087fb4f10
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3.3.9 Activities

The whole MuMo activity consists of five activities, from Activity 1 to Activity

5. It would proceed one by one in order. As shown in Figure 3.22, each activity

has a theme: CREATE, UPLOAD & SHARE, INTERACT, CO-CREATE and

ENJOY!. Each activity will be discussed in detail in the latter part of this section.

Regarding the platforms, Playing Kit would be used throughout the activities,

Online Studio from Activity 2 to Activity 4, and VR Museum at last, which is

Activity 5. The entire process is designed to gradually move from a physical to

an online environment. Furthermore, it is also designed to expand interactions

with others step by step as they go through the activities, so that children can

first focus on themselves and not be overwhelmed to interact with someone who

they don’t know. In Activity 5, it is open to anyone who has been involved in

MuMo activity. This means that they get to know more about other children

from different backgrounds through their artworks and it would also encourage

them to have confidence by showing their drawing in an open space. What makes

this online-offline activity notable is that each child is not connected at the same

time, but can participate asynchronously. It is designed to complete 1-2 activities

per week, 2-3 weeks for the whole process period.

Figure 3.22 How It Works
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Activity 1- CREATE

• Overview: Children create their own monster by using the Playing Kit and

an object that they find in their house.

• Aim: Not only that hands-on creating activity encourages children’s cre-

ativity, by incorporating daily objects in their work, it enables them to get

the sense of cultural differences or similarities when they share their work

in the latter activities.

• Platforms: Playing Kit

• Playing tools: Activity 1 letter, magnifying glass, monster pieces

• Steps:

1-1. Their guardians take out the “Activity 1” envelope from the Playing

Kit and read out the letter to them.

1-2. Together with their guardians, they would search for an object such

as food or daily items in their house that they want to turn into monsters.

The magnifying glass is a prop that they can use when they explore around

the house.

1-3. Once they find the object, they will place it on a Playing Kit which has

turned into a desk. Children will then use monster pieces and attach them

on the object to create their monsters by using tapes.

Activity 2- UPLOAD & SHARE

• Overview: To share monsters to each other, their guardians will upload

photos of their work to Online Studio and then type in monsters’ details by

communicating with their children.

• Aim: By giving his/her monster its name and characteristics, it helps the

child to help the child to foster their creativity and feel more connected to

a monster. It would also be easier for the child on the other side to relate

himself or herself to what MuMo friend has created.

• Platforms: Playing Kit, Online Studio
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• Playing tools: Activity 2 letter, ID card

• Steps:

2-1. Their guardians take out the “Activity 2 & 3” envelope from the Playing

Kit and read out the letter to them.

2-2. The guardians will take photos of what their children made in Activity

1.

2-3. The guardians will access Online Studio by reading the QR code or

URL on the ID card and uploading the photos.

2-4. The guardians will ask their children about the monsters and fill in the

space marked “Activity 2” in Online Studio (Figure 3.23).

Figure 3.23 An Example Outcome of Activity 2

Activity 3- INTERACT

• Overview: After they saw each other’s monsters, they would give comments

and ask questions to each other by leaving texts in the Activity 3 section of

Online Studio. Texts would be typed in by their guardians.

• Aim: The opportunity to think about questions and comments will encour-

age them to carefully observe the other one’s monster and to try to learn
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more about MuMo friend. Getting back answers would also make them feel

that they are interacting with each other.

• Platforms: Playing Kit, Online Studio

• Playing tools: -

• Steps:

3-1. Guardians will start a conversation with their children by looking at

MuMo friend’s monster. They would ask them if they have any questions

or comments that they would like to hear from MuMo friend.

3-2. The guardians will fill in the space marked “Activity 3” with at least

one comment and one question that their children brought up during the

conversation.

3-3. They would reply to each other’s comments and questions. Guardians

would again type in those answers on Online Studio (Figure 3.24).

Figure 3.24 An Example Outcome of Activity 3

Activity 4- CO-CREATE

• Overview: Children would work together on the Online Studio to create

one drawing with their monsters as characters that appear in the draw-

ing(Figure 3.25). Teamwork is the key.
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• Aim: By having the same goal (draw one picture together) with different

roles assigned, they will enhance their cooperative skills.

• Platforms: Playing Kit, Online Studio

• Playing tools: Activity 4 letter

• Steps:

4-1. Their guardians take out the “Activity 4” envelope from the Playing

Kit and read out the letter to them.

4-2. Guardians will access to Online Studio and reach to Activity 4 section.

4-3. There is a white canvas, cropped photos of their monsters and digital

version of monster pieces in the section. They would move around those

elements, place them freely and also use a pen tool to draw on the canvas.

However, there is one rule before they start drawing. If the canvas is still

white, meaning that the child was the first to start the activity, that child

would be in charge of drawing the background. He/She is responsible for

deciding where the monsters are at. The next child, who saw the background

being drawn, can decide what those monsters are doing at that place.

Figure 3.25 An Example Outcome of Activity 4
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Activity 5- ENJOY!

• Overview: They will explore around the VR Museum where their collabo-

rative drawing is exhibited.

• Aim: By experiencing the work not as something that stays among the two

children, but as something that is open to anyone who accesses the virtual

space, it can encourage them to get a sense of accomplishment from hav-

ing completed something together. They would also have the opportunity

to look at other children’s work, which they can compare with their own

experience to notice what are the similarities and differences.

• Platforms: Playing Kit, VR Museum

• Playing tools: Activity 5 letter, museum tickets

• Steps:

5-1. Their guardians take out the “Activity 5” envelope from the Playing

Kit and read out the letter to them.

5-2. Guardians will access the VR Museum by reading the QR code or URL

on the museum tickets.

5-3. Once they enter the virtual room, they will find a panel in front of them

which has an easy instruction on how to move around the space. Children

will then freely explore the museum. There will be other drawings exhibited

in the museum as well, which are drawn by other pairs of children (the

VR space used for the experiment actually displayed drawings created by

the author). They will experience a virtual museum tour, by exploring the

space, finding their drawing, and also looking at those other drawings.

3.3.10 Logo

The logo of MuMo is designed based on the font Quicksand. It shows how MuMo

can let children cooperate with each other, and connects children around the globe.

Two letters of “M” represent the two children, with “u” connecting between the

two pairs, and “o” representing that the connection goes beyond (Figure 3.26,

Figure 3.27).
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Figure 3.26 Logo Design Process

Figure 3.27 Logo
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Chapter 4

Validation

4.1. Method of Inquiry

4.1.1 Purpose

An experiment was conducted with two children actually playing MuMo together

participating from each home. There are mainly three purposes for the exper-

iment. Firstly, to verify whether the elements of the three concepts, which are

“co-creation”, “embracing diversity” and “tangible artifacts”, can be identified

during the experiment. Secondly, to understand how the three MuMo platforms

are used for each activity by children and their parents, and where improvements

can be made. Thirdly, from those results, to verify whether the aims of each of

the five activities were achieved or not.

4.1.2 Partcipants

Two 6-year-old children, T and S, and their parents participated in the experi-

ment. They were not acquainted with each other, and this was their first meeting

in this experiment. R was T’s father and Y was S’s mother. T’s mother, K, par-

ticipated in the experiment occasionally. Both families lived in Japan, and their

native language was Japanese. In terms of learning other languages, S took an

online class in English for about 20 minutes almost every day. Both children were

exposed to devices on a daily basis, with T using a smartphone or an iPad for up

to 30 minutes and S using Nintendo Switch to play games for up to an hour each

day. Both parents had basic computer literacy skills as they used computers for

work. When asked in a pre-test interview about how they relate to their friends,

R responded that T is a gentle type who is shy at first but shows leadership and
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values harmony once they get to know each other, and S is the type of person

who is flexible and kind, not stubborn when it comes to changing what friends do

together. Both children liked to play outside with their friends, and at the time

of the pre-test interview, they were both into a pretend play of Minecraft, where

they used rocks and other objects they picked up outside as if they were items in

the video game. T had never played the actual Minecraft, and S only played it

when he went to a friend’s house.

4.1.3 Settings

The experiment was conducted in each family’s home, T in the living room and

S in his room. In both cases, the experiment was conducted on a table using a

Playing Kit or a device. As devices, T used an iPad and S used a PC. The author

was not present at most of the experiments except for T’s Activity 5, because the

author was not in Japan and also because to test how MuMo is actually used with

only the parents and children. For T’s Activity 5, the author actually went to T’s

house to conduct the experiment. It was conducted in the common space of T’s

apartment, and the device was the author’s laptop.

4.1.4 Procedure

First, before starting the experiment, there was an explanation from the author to

parents, and confirmed that they agree to participate in the experiment. Then a

pre-test interview was conducted. These were all done online, using Zoom, respec-

tively with each family. Pre-test interviews were for both parents and children.

Then each family participated in five activities divided into four days, over a pe-

riod of about three weeks. For each activity, parents were asked to take videos

of their children participating in the activities and also to fill out a questionnaire

after they have finished. Questionnaires were sent from the author via a messag-

ing app, LINE. If parents had any questions during the period, they were able to

ask the author via LINE. After all activities were completed, post-test interviews

were conducted with each family. Again, the interviews were for both parents

and children. S’s family was interviewed online using Zoom but T’s family was

interviewed face-to-face, right after completing Activity 5. Prior to the start of
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the experiment, the plan was to divide the activities into three days in a two-week

period, assuming that children and parents will be busy on weekdays. However,

due to the late arrival of the Playing Kit and the child being sick, it took about

three weeks from the start of Activity 1 to the end of Activity 5.

4.1.5 Data Collection and Evaluation Method

Three types of data were collected: video recordings, questionnaires, and inter-

views. As described in “4.1.4 Procedure”, the videos were taken by the parents

during the activities (T’s Activity 5 was taken by the author). They filmed how

the children were playing from before the start of the activity to the end of it.

All the videos were uploaded and stored in a Google Drive folder, which the link

was shared from the author to their parents beforehand. The video recordings

were closely observed by the author and the words and actions were recorded as

writing.

The questionnaires were sent by the author after receiving a message from the

parents after each activity. The questionnaires asked how their experience of the

activity and platforms was, their child’s reaction, and any other feedback. Google

Form was used to create the questionnaires. The one for Activity 1 can be found

in Appendix A.

Interviews were conducted twice, before and after the experiment. In the pre-

test interview, in addition to basic demographic information about the children,

it asked how they usually play, whether they are familiar with the online envi-

ronment, and whether they have had any experience with multicultural exchange.

We also asked directly from the children themselves what kind of games they like

to play and what kind of games they usually play. We also asked the children

what they thought about playing with children they did not know.The post-test

interview was about what the author would like to ask the family further after the

video observation of each activity and the results of the survey, and about their

thoughts of the whole process. Interviews were video recorded then observed. It

was also recorded in writing.

For the evaluation, a qualitative method was conducted using these data. The

points to be validated and the platforms used for each activity were different;

Table 4.1 summarizes the validation items. For the concept of “co-creation”, it
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was evaluated based on whether or not items of cooperative play were found in

those data (Table 4.2). The checklist described here was created based on Scoring

Sheets by Lee et al. In addition to Lee et al, Miyake also created a checklist

for cooperative play (Lee et al. 2022, Miyake 2016), but since both of these

checklists are based on play between children who are actually together in the

same place, many items do not apply to this study. Therefore, the number of

items is limited. Let it be noted that the CSCW evaluation method was not

adopted due to the context of this experiment. Neale et al. noted the complexity

of the CSCW evaluation and offered several suggestions for how to do it. Because

those suggestions were intended for participants who were old enough to be aware

of their goals, it was determined that, in this study, they were not applicable

to children who were not yet able to work collaboratively on their own (Neale

et al. 2004). For “tangible artifacts”, since it helps children’s creativity, it was

evaluated based on whether or not items related to creativity were found (Table

4.3). The commonly used Guilford Measures was used (Iga 1993). The concept

of “embracing diversity” is specifically about cultural diversity, so the evaluation

will be based on whether there are any references to or expressions of lifestyles in

the experiment.

Table 4.1 Validation Items for Each Activity
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4. Validation 4.1. Method of Inquiry

Table 4.2 Checklist for Cooperative Play

(Cited from Scoring Sheets by Lee et al. (Lee et al. 2022))

Table 4.3 Checklist for Creativity

(Guilford Measures (Iga 1993))
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4.2. Results

The results of the observation of video recordings, questionnaires, and interviews

will be recorded in Appendix B, C, and D, respectively. Below is a summary of

each activity, captured video images, and the children’s final work.

Opening the Playing Kit

Parents were also asked in advance to take videos when they open the Playing

Kit. Their reactions are shown in Figure 4.1 and Figure 4.2. T seemed to be

excited to see what was inside and he cheered when he knew he could play Activity

1 right away. S stared at the Playing Kit for a while after he opened it and pulled

out the two drawers to see what was inside.

Figure 4.1 T’s Reaction when He Opened the Playing Kit
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Figure 4.2 S’s Reaction when He Opened the Playing Kit

Activity 1

T didn’t use any daily object and only used monster pieces when he made his

monster. This is due to his father not understanding what exactly he needed to

do. This would be discussed in detail in the latter section. T also got several

suggestions from R on how to place the pieces. Figure 4.3 shows him playing

Activity 1 and his final outcome. S eventually made three monsters in total,

using an empty tissue box, a plastic bottle and a magnifying glass, which was

one of the props in the Playing Kit. S continuously came up with ideas on how

to create them without any suggestions from Y. Figure 4.4 shows him playing

Activity 1 and his final outcome.
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Figure 4.3 T Playing Activity 1 (left) and His Final Outcome (right)

Figure 4.4 S Playing Activity 1 (left) and His Final Outcome (right)
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Activity 2

Because it was an activity where parents type in what their children elaborate

about their monsters, both families had an active parent-child conversation. There

was a time that R had to wait for T when R couldn’t use Miro the way he wanted

to. For S’s family, S always had his monster that he created in his hand while he

was explaining to Y.

Figure 4.5 T Explaining His Monster’s Personality (left) and His Final Outcome

(right)

Figure 4.6 S Explaining His Monster’s Ability (left) and His Final Outcome

(right)
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Activity 3

When it comes to asking questions and giving comments to each other’s mon-

ster, S came up with several questions immediately, whereas T said he has none

when he was asked by R, although he had several comments or questions when he

was listening to R explaining about S’s monsters. Although both T and S replied

to each other’s questions in detail, R and Y summarized their stories when it came

to writing down inside the speech bubbles (Figure 4.7 and 4.8).

Figure 4.7 T Listening to R Explaining about S’s Monsters (left) and His Final

Outcome (right)

Figure 4.8 S Asking Questions to T About Monsters (left) and His Final Outcome

(right)
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Activity 4

In Activity 4, technical constraints of Miro were seen on both sides, although

they were using different devices. For T’s family, they struggled with moving the

objects, using the pen tool, and choosing the right colors. For S’s family, because

they didn’t have a mouse, S couldn’t draw with his fingers on the touchpad as he

liked. Hence, S would say verbally how he wants to draw on the canvas and Y

drew it for him. Despite these technical limitations, there were several moments

when the children smiled after they were able to draw as they wanted. There was

also a conversation between T and R to leave out some space for S so that he can

also draw on the same canvas later on. S who saw T’s drawing on the canvas,

made use of some drawings to create a new monster (eyes were added on top of

the mountains and a mouth at the bottom).

Figure 4.9 T and S Playing Activity 4 (top) and Their Final Work (bottom)
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Activity 5

In the VR Museum, both T and S seemed to be excited while they were looking

for their work. When they found it, T mentioned what was drawn in the drawing

whereas S did not. After they found their drawing, they seemed to enjoy the

VR Museum in a little different way, depending on whether they had virtual

experience or not. It was T’s first experience to join VR rooms and he enjoyed

moving around the space itself. S, on the other hand, who had virtual experiences

before, also enjoyed moving in the room but also had time to mention about other

drawings exhibited in the museum.

Figure 4.10 T and S Playing Activity 5

4.3. Discussion

4.3.1 Concepts

Regarding the elements of the three concepts, the first concept, “co-creation” was

able to confirm behaviors and actions related to the items on the list of cooperative

play in the video observation. In particular, we were able to identify many items

in Activity 4. The picture was created in the order T and then S, and it was

remarkable that T took care to leave space for S to draw. This can be considered

as a sign of concern for the other one and a desire to cooperate to complete the

work. S, who saw T’s drawing, updated it by adding new parts to it. It could
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be said that the two completed the picture together as a collaborative work. S

had also incorporated T’s monsters into his own story in the previous Activity 3.

The characteristics of cooperative play, such as caring for the other person and

creating something new by incorporating ideas of others, were observed. On the

other hand, in the post-test interview, the parents gave feedback that most of the

time their children did not feel that they were playing together with the other

child. The asynchronous nature of this play and the fact that the interaction was

text-based may have been the cause. Even though the players understood that

there was a partner and could play according to the rules, the design made it

difficult for them to intuitively understand that they were playing with a partner.

As for Y, she did not mention T’s name at all and called him “friend”. This may

have contributed to the difficulty for S to relate him to T. Improvements such as

exchanging videos in advance, or to play with both synchronous and asynchronous

situations are needed.

Regarding the second concept, “embracing diversity”, there was little cultural

exchange between T and S. However, cultural aspects were mentioned by both

T and S. Y mentioned in the post-interview that “S said he was surprised when

he saw the sample image of the shoes being used, as if he had never thought

of that idea”. Video observation of them talking with their parents in Activity 2

and Activity 3 also revealed that the characteristics of the monsters reflected their

respective experiences. For S, the monsters were all elementary school kids, which

may have been influenced by the fact that he himself entered elementary school in

April of this year; for T, the monster’s ability to be strong and could carry a box

of beer reflected the fact that T was helping his parents carry their deliverables.

These therefore suggest that both individuals were projecting their own daily lives

onto the monster. While the design was able to pull out the cultural elements, it

was not able to convey them to their friends. Design that can share their cultural

experiences with others is an issue for the future.

The last concept, “tangible pieces”, confirmed its usefulness, especially how it

is used and how important its design is. In Activity 1, T used only monster pieces,

while S used them in combination with the daily objects, in other words, created

monsters in a way that was designed. As a result, many items related to creativity

were found for S, such as “fluency”, in which S came up with and pasted monster

57



4. Validation 4.3. Discussion

body parts one after another using objects, “flexibility”, in which S created three

pieces of work instead of just one, and “originality”, in which S expressed not

only body parts but also the inner concept with monster parts. T, on the other

hand, had monster pieces only, so he had to create a monster from nothing. There

were several occasions when it took time for him to choose the next piece or to get

suggestions from his parents. These indicate that there was a significant difference

in creativity depending on whether or not monster pieces were used in combination

with daily objects. Furthermore, in a post-test interview, Y provided a comment

as follows: “I think S is not a crafty type, so it would’ve been difficult for him to

create from scratch. However, when the well-made pieces like these were prepared

properly, he was able to concentrate and stimulate his creativity.” A balance

between open-ended and structured play, as described in “3.2.1 Monster Pieces”,

worked well. It is also notable that S explained the monster’s characteristics

while holding the work in his hand in Activity 2. This allowed for a concrete

explanation of what parts of the monster’s body represent what. T was explaining

while looking at a photo of his monster on an iPad. Although the “originality”

of its name and the “flexibility” of him mentioning the favorite foods one after

another were observed, “elaboration” was little compared to S. Therefore, it can

be suggested that the daily objects, which were initially designed for cultural

elements, actually contributed greatly to creativity by being designed to be used

in combination with the monster pieces.

4.3.2 Platforms

The Playing Kit cardboard box was not used as it was intended. R, who did not

have the explanation in advance, took off the separating board (see Figure 4.1).

In addition, neither T nor S used it as a desk. In Activity 1, R did not use the

magnifying glass and daily objects. He explained that he had read the instruction

booklet but did not get the idea of what he needed to do. All of these problems

regarding the Playing Kit can be solved by adding illustrations of how to use them

to the instruction booklet.

As for Online Studio, it was difficult to use Miro if it was their first time, and

this affected their satisfaction. The questionnaire result showed that R rated

the usability of Online Studio as 1 for both Activity 3 and Activity 4, and his
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satisfaction was also linked to this rating. The platform for Online Studio should

be changed. Another area for improvement is its layout design. Y did not read the

name of the monster created by T, and parents didn’t write all of the children’s

stories due to the limited space.

As for the VR Museum, R could not connect due to technical issues, and the

author ended up going to their house. Y mentioned the complexity of accessing

the VR Museum, starting from the QR code on the ticket, sending that link to

her email, and eventually opening the browser from her computer. Regarding the

virtual experience, both T and S enjoyed looking at the 3D models. S, who had

experience with virtual spaces, also had time to look at the exhibited pictures

although he didn’t mention many about what was drawn on each picture. For

future work, it could be better to have a more seamless integration of their creation

and the 3D space.

4.3.3 Activities

From these results and discussions, the following is a description of what conclu-

sions were reached for Activity 1 to Activity 5.

• Activity 1: Creativity was encouraged, and the role of the daily objects was

found to help the creativity even more when combined with the monster

pieces.

• Activity 2: Through parent-child communication, children further expanded

their creativity. Creativity was especially encouraged when the children

actually had their work in their hands.

• Activity 3: Although they talk about each other’s monsters or incorporate

in their own stories, they rarely mentioned each other. They were also found

to reflect their own experiences on monsters.

• Activity 4: Cooperative play features were observed, such as caring for

others and taking their ideas and creating new ones. Role-sharing did not

function well for the latter child.
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• Activity 5: Although there were no words or actions that corresponded to

a sense of accomplishment, the children were excited to discover their work,

and even after finding it, they talked about the picture with their parents.

A child with the VR experience was able to mention other works, but a

child without VR experience tended to enjoy the space itself. Both showed

interest in the 3D modeled characters.

Additionally, there were two findings regarding parent-child communication

considerations throughout the activities. First, several children’s behaviors were

restricted by comments and actions of their parents. For example, in Activity 3,

R failed to pick up on several questions that were raised by T during the conver-

sation, and in Activity 4, R stopped T from creating another monster although

T wanted to. The second finding is the reference to the other child: R had men-

tioned S’s name and T sometimes mentioned his name as well, whereas Y called

T “friend”, so S never said T’s name during the activities. This could be a factor

that reduced the sense of togetherness. The design of parent-child communication

needs to be further explored.

4.3.4 Limitations

There were some limitations concerning the experiment. First, only one case of

the experiment had been completed by the time this paper was written. Other

experiments were planned with two 6-year-olds of Chinese nationality living in

Shanghai, one 6-year-old of Japanese nationality living in London, and one 6-year-

old of Japanese nationality living in Japan. However, Shanghai was locked down

during the experimental phase due to the COVID-19 pandemic, and subsequent

experiments had to be canceled due to uncertainty about how long it would take

for the Playing Kits to be delivered. Although some suggestions were presented,

it is not possible to draw statistical conclusions from this experiment alone due to

the small sample size. Second, the experiment was conducted between two native

Japanese-speaking boys living in Japan. Compared to the interaction between

children who live in different places or speak different languages, there may be

less interaction in terms of cultural factors.
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Chapter 5

Conclusion and Future Work

5.1. Conclusion

This research proposed to design cooperative play for children at a distance, by

the name of MuMo. It is an online-offline activity that would allow two children

(5-7 year olds) at home with their parents or caretakers to play together. They

will be using three platforms: Playing Kit, Online Studio and VR Museum, and

go through five activities in total, asynchronously. The goal of the two children

is to co-create a picture together, using their own monsters that they created in

the earlier activities. There are three design concepts for MuMo and they are

“co-creation”, “embracing diversity” and “tangible pieces”.

Based on the results and discussions from the user test, the concept of “co-

creation” was confirmed by having features of cooperative play such as caring for

the other child and creating something new by incorporating ideas of others. How-

ever, asynchronous play did not make them feel that they were playing together.

For “embracing diversity”, although there was no cultural exchange between the

children, it was possible to see that both children were projecting their own daily

lives onto the monster. The next step would be to think of how to convey that

cultural aspects to the other child. Regarding the “tangible pieces”, the usefulness

of the monster pieces was confirmed by combining them with everyday objects.

The process of creating the monster and explaining about the monster both en-

hanced the children’s creativity. It was also found that providing a step-by-step

activity and a variety of pieces allows children to play freely in a structured play

environment, and empowers their creativity. The Playing Kit did not convey some

of the intended design to the participants. The Online Studio used Miro, the pop-

ular online collaborative whiteboard platform used around the world, but even if

parents have basic digital literacy, the usability of the platform was not as good
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as it was expected. While the VR platform was enjoyed by the children, more

needs to be done to draw more attention to the content of the pictures exhibited.

When looking at each activity, Activity 1, 2, and 4 accomplished most of the ini-

tial aims, although there were some improvements in the cultural exchange part

and the design of the Online Studio. Activity 3 and 5 need major improvement in

that they were not aware of their MuMo friends and others. The importance of

parent-child communication was revealed throughout the activities, and it should

be further explored to incorporate in design.

5.2. Future Work

5.2.1 Improvements

Playing Kit could be further improved by having a more visually understandable

instruction booklet. It would be also better to have some advice in the instruc-

tion booklet for guardians for each activity so that they would not overlook or

unknowingly restrict their children’s speech and behavior. For the Online Studio,

it should be transferred from Miro to another platform, which could also record

their voices or videos during the activities. By exchanging their voices or photos

or videos, it allows children to feel more connected to each other. For the same

reason, the platform also needs a function for notifications when the other child

has participated in the activity. In terms of connectedness, exchanging videos in

advance, or to play with both synchronous and asynchronous situations should

also be further explored. For the VR Museum, it could be better to have a more

seamless integration of their creation and the 3D space, so that children can enjoy

both the space and their outcomes at the same time. Since there was a limitation

for the user test that it was done only once with two native Japanese-speaking

boys living in Japan, more tests among children who live in different regions

should be conducted. It should also be noted it is necessary to develop a checklist

specifically for remote cooperative play among young children.
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5.2.2 Extensibility

MuMo was an online-offline cooperative activity for young children who are lo-

cated away from each other and can participate together with their parents from

home. TUI was not used due to the difficulty of implementation of practical use

considering the technological limitations and its cost. It was hence designed to

play the activities in both online and offline environments individually, but seam-

lessly. If devices such as the Amazon Glow become more widely used in the future,

practical research using TUI will be possible. Therefore, designing activities that

use TUI in both synchronous and asynchronous situations at home would be the

next step, and would be possible in the not so distant future.
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A. Post-Test Questionnaire (Activity 1)

Figure A.1 Post-Test Questionnaire- Page 1 of 2
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Figure A.2 Post-Test Questionnaire- Page 2 of 2
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B. Results of Video Recordings

Figure B.1 Video Recording- Opening the Playing Kit
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Figure B.2 Video Recording- Activity 1

73



Appendices B. Results of Video Recordings

Figure B.3 Video Recording- Activity 2
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Figure B.4 Video Recording- Activity 3
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Figure B.5 Video Recording- Activity 4
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Figure B.6 Video Recording- Activity 5
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C. Results of Questionnaires

Figure C.1 Results of Questionnaires
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D. Results of Interviews

Figure D.1 Pre-Test Interview
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Figure D.2 Post-Test Interview with R
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Figure D.3 Post-Test Interview with Y
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