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ABSTRACT
Tangible technology provides opportunities to design collaborative
interactions which allow children to engage in highly collaborative
activities. Unfortunately, there are few guidelines on structuring
children’s interdependent collaboration with tangible technologies.
In this study, we designed and developed a tangible game named
MemorINO to “force” children to collaborate. We conducted a classroom study with 23 children and 3 kindergarten teachers. Our
investigation revealed two main findings: (1) We could design interactive constraints with tangible technologies to “force” children
to attend collaborative activities naturally and interdependently;
(2) Tangible environments could help children have good engagements, especially for similar-age group children. Our findings could
provide practical guidance on designing tangible interfaces to help
children learn to collaborate.

CCS CONCEPTS
• Human-centered computing → Human computer interaction (HCI); Human computer interaction (HCI); • Applied computing → Education.
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1

INTRODUCTION

Tangible user interface (TUI) refers to physical artifacts embedded with interactive computing technologies, allowing learners the
chance to explore their everyday experience and interaction with
the real world [29]. Tangible collaborative learning [24] has been
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studied for children’s exploration [1], problem-solving [8], skill
development [20], and communication [6]. Matthews et al. [26]
pointed out it was a challenge or even an obstacle for novices to
use the tangible system as a design material to implement their
ideas. We should consider productive collaboration, which has interdependence and rich external resource considerations [11]. When
designing a collaborative environment, we need to consider making
an experience arising for children aware of communal purpose. We
can design interactive outcomes to engage children in a collaborative environment in such situations. Therefore, children could have
an interdependency with each other to improve their collaborative
experience [28]. There are many suggestions for promoting positive
interdependence, however, only a few guidelines on structuring
children’s interdependent collaboration with tangible technologies.
Therefore, we investigate rationales, principles, and processes
in designing a tangible learning game, named MemorINO, for children’s interdependent collaboration. Furthermore, we explore an
iterative design method to achieve interdependent interaction and
communication mechanisms, which involve the kids and their
kindergarten teachers. The study has five iterative design phases:
designing and refining the concept idea, envisaging natural and
interdependent interactions with paper prototype, testing such interactions with initial technical prototype, examining the actual
user experience with the final prototype, and improving the user
experience. Our evaluation study explored a valuable and practical guideline for designing TUIs for children’s interdependent
collaboration. Overall, the aims of MemorINO were to: (1) explore
an iterative design method to understand how to design a tangible educational game for children; (2) investigate interdependent
interaction and communication mechanisms for children to collaborate naturally; (3) evaluate the effects of such design on children’s
engagement.
Our investigation revealed two main findings. First, we could
design interactive constraints with tangible technologies to “force”
children to attend collaborative activities naturally and interdependently. Second, a tangible environment could help children have
good engagements, especially for children of similar-age groups.
Altogether, MemorINO showed great potential for promoting teamwork and providing fun.

2

RELATED WORK

To design TUIs for improving children’s interdependent collaboration, the necessary understandings are: (1) how tangibles have
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specifically benefited children’s collaborative learning; (2) the importance of positive interdependence design for effective collaboration, and (3) the evaluation of effective collaboration from learning
engagement perspectives.

2.1

Tangible Collaborative Learning

Tangible technology provides opportunities to design collaborative
interactions which allow learners to engage in highly collaborative
activities [29]. For children’s education, the physical world has an
essential effect on coordinating learning activities and creating a
shared collaborative space. Prior studies did not sufficiently consider the influences or potentials of the physical world interaction
for facilitating such shared goals and mutual understanding of collaboration [22, 35]. However, the physical world offers a rich experience to facilitate collaboration [37]. Piaget [27] found that children
did not passively obtain ideas from the external world but had to
construct concepts or knowledge through active experimentation
and observation. TUIs can offer such a “real” learning experience,
where children can play with the actual physical learning tool to
explore their understanding [25]. Tangible learning refers to the use
of gesture, motion, or full-body interaction to convey knowledge
in educational practice [24]. When interacting with physical manipulatives and embodied metaphors, young children can explore
abstract concepts [5].
As we know, children learn by playing and exploring [35]. By
social interaction or imitating others’ behavior, children obtain
new skills and learn to collaborate. Antle [3] claimed tangible interaction could be designed to help children develop intelligence
in the real world. Li et al. [24] found that TUI promotes children’s
self-exploration, self-correction, and self-regulated learning. It was
designed for children to learn in different fields, e.g., music, mathematics, gravitational force, principles of physics, and the popularisation of archaeology. However, Matthews et al. [26] pointed out it
was a challenge or even an obstacle for novices to use the tangible
system as a design material to implement their ideas. There should
be a consideration of productive collaboration, which is characterized by interdependence and rich external resources [11, 39].
In other words, when designing an environment for collaborative
learning, we need to consider how to make an experience arising
in situations where children are aware of communal purpose. In
addition, for children, the complexity of the interactive system and
tangible interactions should be simplified [24].

2.2

Positive Interdependence

Interdependent collaboration provides a context where promotive
interaction occurs so that interpersonal interaction produces a high
achievement [10]. Promotive interaction refers to “individuals encourage and facilitate each other’s effects to accomplish the group’s
goals” [18]. In order to achieve a good collaboration, it is essential
to structure collaborative activities, e.g., design collaborative tasks,
interdependent roles, and interactions. From Human-Computer
Interaction (HCI) perspective, we need to consider how to design
interdependent interaction mechanisms to make learners influence
and rely on each other to achieve the same goal. Wise et al. [38]
found that social/technological interdependence helped children
produce more in-depth explanations and have fewer but longer
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cases of resolving conflicts jointly. Collazos et al. [10] claimed interdependent collaboration could motivate students to work hard and
also facilitate the explorations of new insights and understandings.
Antle et al. [4] had co-dependent input designs to make children
coordinate for achieving the goal.
Interdependence refers to “the outcomes of individuals are affected by their own and others’ actions” [18]. It has three types:
positive (cooperation), negative (competition), and none (individualistic efforts) [18]. Positive interdependence, a basic element for
collaborative learning [18, 21], refers to the success of one learner is
possible only by the success of the others [10]. There are some different kinds of positive interdependencies [10, 21], e.g., positive goal
interdependence, positive celebration/reward interdependence, and
positive task interdependence. Designing such positive interdependencies could encourage children to negotiate, solve, and discuss
tasks collaboratively [38]. In other words, interaction results should
be purposely designed to have children engage in the collaborative
environment. Therefore, they could have an interdependency to
improve children’s collaborative experience [28].
Different characteristics of group learners (e.g., age) could influence their interdependent collaboration [23, 32]. Children with
different age have differences on their cognitive development [32].
In a different-age group, older child is likely more experienced
or “knowledgeable” than the younger one. Thus, the older child
tends to be a tutor, who could provide supports for knowledge or
skills when collaborating. Stokes et al. [36] found preschool children could help each other understand the picture by describing
relationships. Peer tutoring increases primary school children’s
ability of reading [7, 19]. Smith [33] found having peer mentors
for younger children was a successful method to teach children
the responsibilities. However, San Antonio et al. [31] got converse
results on different-age group collaboration, where some children
were motivated and belonged, but others felt overwhelmed and did
not collaborate well. When grouping children to collaborate, age
difference of group members is a common issue.
Even though many suggestions exist on how to promote positive
interdependence [18], there were few guidelines on structuring
children’s interdependent collaboration with tangible technologies [21, 38]. It still has many questions, for example, How to design
tangible to promote positive interdependence? What is the uniqueness of tangible for such design? Will group characteristics (e.g., age
difference) influence such design? TUI has an affordance to create
an interdependent environment, where children have a physical
embodiment of distributed control and social engagement around
the interactive object [34]. It has a technological benefit, which
can be employed to facilitate face-to-face collaboration [12] and its
social interdependence [34]. Therefore, practical examples may be
that only joint effects can move some objects, or that one learner
needs to borrow some object from another to proceed.

2.3

Learning Engagement

Findings in the Computer-Supported Collaborative Learning (CSCL)
field are mainly obtained by “after collaboration” measurement and
lack tools and measures for examining learning processes [16].
Collaboration involves “...mutual engagement of participants in a
coordinated effort to solve the problem together” [30], and has some
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actual state of engagement [11]. In other words, engagement is a
critical criterion to measure or evaluate collaboration effects. Premo
et al. [28] found that interdependent design increased students’ collaborative engagement, but not their achievements. Engagement
maintains an individual’s interpersonal relations and identity in
communities, which involves effective interactions with environments. Moreover, learning performance is closely related to learning
engagement [9].
From previous research [15, 17], we see learning engagement as a
multidimensional construct, which contains behavioral, emotional,
and cognitive learning experiences, as well as their interrelationships. Behavioral engagement is often described as involvement
in learning and includes factors for intrinsic motivation, e.g., effort, persistence, concentration, attention, and asking questions.
Emotional engagement means individual affective reactions, such
as interest, boredom, happiness, sadness, and anxiety. Finally, cognitive engagement indicates strategic and self-regulated behavior,
e.g., using meta-cognitive strategies for planning, monitoring, and
evaluating cognition while finishing tasks.
Learning has always centered on cognition, which is concerned
with skills and processes such as thinking and problem-solving.
However, behavior and emotion should be equally considered, especially for young children. TUI changes traditional learning methods,
which creates an active learning environment for young children
to explore the understanding through physical interactions. In this
situation, the nature of cognition has been re-considered. Unlike
focusing on abstract symbols, the tangible approach proposes the
fact that cognition is, instead, a situated activity [2].

3

RESEARCH QUESTIONS

TUI enables new forms of engagement and access to tools for supporting learning. However, it was unclear how to design such a tool
for children [35]; what are the actual effects on their engagement;
and how to ensure better design quality in the future. Therefore,
we proposed two research questions:
• RQ1: How can a tangible educational game “force” children
to attend collaborative activities in a natural and interdependent way?
• RQ2: What are the effects of such “force” designs on children’s collaborative behaviors and (behavioral, emotional,
and cognitive) engagement? Does it have similar effects on
similar-age and different-age children?

4 METHOD
4.1 MemorINO Design
An iterative design method was used in the study, which lasted
for more than 5 months. It had four phases: concept idea, paper
prototype, initial technical prototype, and final functional prototype. Interview and in-field observation with note-taking were used
to obtain data for evaluating and revising the designs. (1) Three
kindergarten teachers and three mothers were interviewed during
the concept idea phase to give feedback about the learning content
and prototype design. The first teacher (female, 60 years old) has
done child psychology for 14 years and worked in kindergartens
for 43 years. The second teacher (female, 52 yo) had 15 years of
experience and has worked for 5 years at the current kindergarten.
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The last teacher (female, 34 yo) has worked at the kindergarten for
7 years. (2) Two children (aged 4 and 5) participated for the paper
prototype study. Third, for the initial technical prototype study,
one 6 yo girl tested the functions. (3) The user study was conducted
within two kindergartens in Germany.
From socio-cognitive theory, learning tasks should promote communication and think in solutions. Therefore, suitable task content,
proper task difficulty, and internalized interactive mechanisms must
be considered [13]. First, in order to determine suitable task contents, two rounds of interviews were conducted. From our first
round interview with three kindergarten teachers and three mothers, the conclusion was that gamified elements were critical for
children. The second round of interview was conducted with the
same teachers, which made more concrete the tasks to counting,
rainbow colors, numbers, geometric forms, and patterns. Second,
to provide children with gamified engagements, we designed and
finalized eighteen different difficulty level tasks.
We designed two wooden boards (for two children), which connect to a specific software application. This application showed the
animations of connecting the boards, a description of tasks, and
instant feedback of children’s interactions. Children had 28 tangible
cards to put on the boards. These cards have patterns on both sides,
which we designed on purpose. First, it was impossible to see all
patterns immediately. In order to see the backside pattern, children
had to turn over the cards and search for them. Second, it allowed
us to design more diverse tasks. When children doing the tasks,
teachers were not required to facilitate learning. The system would
give feedback for the entire interaction process, e.g., showing an
instruction animation at the beginning and giving feedback once
the two children complete the task.
In addition, we designed the boards flexibly for higher-level tasks.
As shown in Figure 1, the boards could be connected horizontally
or vertically. If it was horizontal, the task could be “Find cards with
the numbers 1-6 and put them on the boards in a correct order.”
However, if it was vertical, the task could be “□ + □ = 6.” For this
situation, children were required to find a blue card to place on one
board and a red card on the other board. Meanwhile, the numbers
on the other sides need to be added up to 6. Therefore, we have a
flexibility to design diverse tasks.

4.2

Participants and Context

Overall, 23 children (12 pairs, 15 girls, 8 boys, M(age) = 4.96 [4, 6])
and 3 kindergarten teachers (3 females, M(age) = 48.67 [34, 60])
participated in the final user study. The children were recruited in
two local kindergartens, we assigned them according to their age
difference. Therefore, there are 6 pairs with similar ages (i.e., same
or one age difference), and the other 6 pairs have different ages
(i.e., more than two ages difference). We conducted the studies in
kindergarten classrooms. The children’s parents provided written
consent for their children. At the same time, children also verbally
agreed to take part in the activities and could stop at any time if
they felt uncomfortable. Finally, the kindergarten teachers were
present during all activities. As shown in Figure 2, children played in
different-age or similar-age groups, with their kindergarten teacher
observing their behavior. During the user study, MemorINO was
set up in a large classroom without disturbances. The two tangible
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Figure 1: MemorINO boards and cards: a) Connect horizontally, b) Connect vertically, and c) Tangible cards with images on both
sides.
boards and the memory cards were put on the table, and a laptop
with a touch screen to show the learning contents.

4.3

Procedure

Children played MemorINO in pairs for 45-70 mins. The system has
18 tasks, e.g., putting cards with color in a correct order as rainbow.
Two children complete the tasks without external help because the
system will give them feedback. In addition, if they have difficulty
solving the tasks, they could press the help button in the system.
Then the system will give them some hint, e.g., by showing part of
the missing colors in the above rainbow task.
In-field observations with a structural observation form were
conducted for each group. The observation form consisted of five
dimensions: understanding of the system setup and design (5 items),
behavioral engagement (4 items), emotional engagement (4 items),
cognitive engagement (5 items), and collaboration (5 items). For
example, “Do they get discouraged by initial failure to solve the
tasks?” (emotional engagement), “Do they argue? When and over
what?” (cognitive engagement), “Does one of them take charge without letting the other try things out?” (collaboration). The after-study
interview was conducted with each child for about 10 mins. Ten
questions were prepared to ask their feelings of engagement and
collaboration, e.g., “Did you have fun?” and “Did you like to solve
the task together with your partner?” Second and third authors observed the children playing with MemorINO tangible prototype.
Meanwhile, they calculated the times of each behavior in Table 1
for each child independently. After each experiment, they would
look at each other’s observation results to solve some inconsistent
recordings.
Finally, we interviewed the kindergarten teachers, who talking
about their observations on children’s behavior changes. They know
the participants well, therefore, they could see whether the child
became more outgoing or shy than usual. All interview audios were
transcribed and coded by two different authors. We obtained five
analysis themes: system understanding, collaboration, behavioral,
emotional, cognitive engagement. The results of these themes were
translated from German into English by authors, who were native
German speakers, but also fluent in English.

5

RESULTS

To answer the research questions, we analyzed participants’ understanding of our interaction design, interdependent collaboration,
learning engagement, and interview results of children and kindergarten teachers.

5.1

Understanding the Design

Regarding the design understanding, we got four findings: (1) 50%
children need help to start the game, but only for the first time;
(2) 75% understood how to put MemorINO boards together; (3) the
designed learning tasks were understandable and clear for all participants; (4) no child has used tangible cards to do something
unrelated to solving the tasks.

5.2

Interdependent Collaboration

As shown in Table 1, 66.7% of similar-age (SA) and different-age (DA)
groups have talked with each other, and half of them asked the other
for help. More DA (50%) than SA (16.7%) groups had the situation
where one child took the lead. On the other hand, more SA (50%)
than DA (16.7%) groups experimented with the exercise independently. In general, SA groups have better teamwork than DA. From
in-field notes, only two DA groups showed evident collaborative
behaviors. They were not siblings and matched with other children
on their own. The older children seem inclined to be good mentors
because they were patient and helpful.

5.3

Learning Engagement

In general, SA groups have a better behavioral, emotional, and
cognitive engagement than DA, see Table 1. For behavioral engagement, most SA groups (83.3%) have continuously worked on the
tasks. Few (16.7%) did some unrelated new things randomly. Even
fewer (11.7%) needed motivation after 5 mins or 2 tasks. Regarding
emotional engagement, all children showed good interests in the
tasks, but still more SA groups (83.3%) than DA groups (66.7%). The
same very few children (16.7%) got frustrated or angry while doing
the exercises. Finally, it showed SA groups had a better cognitive
engagement, where they argued with each other more (33.3%), and
their attention wandered less (25.0%).

5.4

Interview Findings

Interviews were conducted after the children played MemorINO.
We mainly asked four questions: (1) Did you have fun? What made
you have fun? All the children said they had fun playing; (2) Would
you like to play MemorINO again? Why? Only three DA children
did not want to; (3) What did you learn from this game? 75% of
children from both SA and DA said they learned something; (4) Did
you help your partner? Did your partner help you? How? Only two
children from DA groups said no. Younger children said “I followed
his lead, but we took turns to place cards on the board.” “I could not
do it alone. We helped each other for the numbers.” “He whispered
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Figure 2: Children playing in pairs with MemorINO: a) Different-age group, and b) Similar-age group with their kindergarten
teacher.
Table 1: Observational results of collaboration and engagement (SA = similar-age groups, DA = different-age groups).
Observations

SA

DA

Talk with each other
Ask the other for help
One child took the lead
Experiment the tasks on their own

66.7%
50.0%
16.7%
50.0%

66.7%
50.0%
50.0%
16.7%

SA
DA

Behavioral

Continuously work on the tasks
Need motivation after 5 mins or 2 tasks
Try unrelated new things causally

83.3%
11.7%
16.7%

66.7%
33.3%
33.3%

SA
SA
SA

Emotional

Interested in the tasks
Get frustrated and angry

88.3%
16.7%

66.7%
16.7%

SA
-

Cognitive

Argue with each other
Understand the task
Attention wanders after 20 mins

33.3%
66.7%
25.0%

16.7%
66.7%
33.3%

SA
SA

Collaboration

Engagement

answers, but I did not realize he was helping me.” Older children
said “Searching numbers, and he always found blue first.” “I helped
with counting. He was better at pattern exercises.” “Siblings help
each other, we also helped each other.” “He helped me with the
color blue and the six-sided shape.”
Three kindergarten teachers, who observed the whole study
process, accepted our after-study interviews to share their thoughts.
They said MemorINO was an excellent learning tool: “The shyest
children were suddenly very open when playing with MemorINO.
They usually have to be persuaded to participate in any game.” “The
children worked together so well, and their concentration span was
amazing. I have not seen them like this.” “They learned so much. I
would not have thought the children would learn how to count to 18
or the correct colors of the rainbow so fast.” “They did not fight at all.
This was unusual.” One teacher liked the concept of MemorINO but
was uncomfortable to have it in her class because she did not like
any technology in the kindergarten classroom. However, she said
this was only her personal preference.

6

Better Group

DISCUSSION

Reflecting on the tangible design and study results, we think it is
worth discussing how tangible interface represents collaborative
practices, the importance of natural and interdependent tangible design for children collaboration, and why similar-age group children
had better collaboration and engagement.

6.1

Tangible Interface as a Representation of
Collaborative Practices

Traditional computer-support collaborative learning environments,
e.g., web-based inquiry learning, online discussion, representational
tools, and intelligent systems, focused more on resource, activity,
and communicative design. For these situations, “computers” aims
to create a communicative or feedback environment. However, only
having such an environment could not make collaboration happen
automatically. It is hard for children to engage in collaborative
processes without guidance [14]. Therefore, we need to design a
configuration of knowledge components and representations for
collaborative practices.
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In our study, we considered both knowledge and interactive representations. A physical collaborative environment could reduce
children’s cognitive loads and make interactive feedback easier to
perceive. We used physical cards (MemorINO) to represent knowledge. Interactions with such tangible objects embodied a flexible
error-and-trial process, which gave children instant feedback. In
addition, we implemented a constrained interactions design. Thus,
they could have an interdependent collaboration from two children.
The benefits of using TUIs as a representation are: (1) It is easier
to create a collaborative environment for children to communicate and interact. It is hands-on practice in the face-to-face space;
(2) Error-and-trial is simple for children to perceive, which reduces
their external cognitive loads and could let them concentrate more
on task knowledge; (3) Some basic interactive modes could be designed on purpose to facilitate collaborative behaviors. In other
words, we could design specific constraints to “force” children to
coordinate actions, which foster group awareness and cooperation.
Such constraints could mean reliance on interactions that must be
coordinated or structured to encourage reciprocal helping.

6.2

Natural and Interdependent Tangible
Design for Children Collaboration

For children’s education, the physical world has an essential effect
on coordinating learning activities and creating a shared collaborative space. TUIs provide opportunities to design collaborative
interactions which allow children to engage in highly collaborative
activities. However, it is essential to design intuitive and simple interactions for children to work together effectively. Tangibles (e.g.,
the combination of physical boards and constitution of physical
cards) have an advantage to “force” interdependence and make the
task solving process rely on each other. As a learning tool, TUI embeds an interaction mechanism, which can be specifically designed
to orchestrate collaborative activities. In our study, two children
could work together naturally to solve tasks. From an interactive
perspective, we designed MemorINO with specific interdependent
mechanisms. The interaction inputs have to come from both children. When solving tasks, each child has a responsibility to search
and put cards on his or her board. Only when both interaction
inputs are correct they could proceed to the next task. This process
is a natural interdependent design to “force” children to help others.
In addition, children have an actual physical environment to
physically engage in the activities. This environment provides children with more natural interaction and communication opportunities. Meanwhile, we also encountered some challenges in promoting
such collaborative tangibles for children. First, sometimes children
did not comply with the initial design concepts, e.g., the older child
occupied the tasks and ignored the younger child. Thus, we should
be open to diverse, flexible interaction options. Second, learning
tasks were constrained with tangibles. For example, MemorINO
is suitable for sequence or order tasks, e.g., spelling. However, it
might be hard to adapt for non-linear or longer sequence tasks.
Finally, a collaborative pattern was constrained by physical designs.
MemorINO was designed for two children. It would be not difficult
to extend the original design to include more children. However,
we need to reconsider physical space configurations.

Li et al.

6.3

Better Collaboration and Engagement for
Similar-age Group Children

Similar-age and different-age group children have similar frequencies of communication and help-seeking. Nevertheless, similarage children are more behaviorally, emotionally, and cognitively
engaged than different-age children. This result is an interesting
finding. We think it results from two possible reasons. First, we
considered and designed reliance and collaboration mainly from
an interaction constraint perspective. If we put Human A, Human
B, Computer in a scenario, we thought a specific dependent interaction could shape the communication. It had sound effects, at
least from the results we got. However, our design was for an equal
dependence interaction. When Human A and B have different previous knowledge and personalities, we did not adapt interactive
mechanisms accordingly. Second, 2-7 years old children are in the
preoperational stage, complex abstract thoughts are still tricky.
When the younger partner does not know the answers, the kid
might do not know how to express or behave like a mentor. Most of
the time, they just took over the tasks. From the in-field observation,
only two older girls behaved patiently to teach their partner to find
valid cards. We felt it was a personality that is hard to be cultivated
or influenced by a short experiment.

7

CONCLUSION

MemorINO showed great potential in promoting interdependent
teamwork and providing fun for learning. From an HCI perspective,
we designed interaction constraints to “force” two children both
having to interact to reach the goal of success. It showed that
all groups had good collaboration and engagement experience,
and similar-age children groups better than different-age groups.
Therefore, our design might be an effective scaffolding approach
for helping children learn collaboration.

8

LIMITATIONS AND FUTURE WORK

Our designed tangible prototype MemorINO has shown good effects
on children’s collaboration and engagement, but it has two limitations. First, it might have a novelty effect on the results because
participants only used MemorINO once. Second, the system lacked
child-friendly designs, e.g., no audio feedback. We plan to improve
MemorINO mainly from three aspects: (1) Add task audios. The
task instruction was as texts. We read it for participants. However,
to help children have an independent activity without involving
teachers, it is vital to add audio explanations; (2) Improve the feedback design. We used a graphical schema for giving feedback for
the interaction, but it is not child-friendly. We plan to add sound
with special effects or animation; (3) Extend the number of boards.
Currently, MemorINO only has two boards. which limited the task
design and participant numbers. To have a variety of tasks and
participants, we plan to add one or two more boards.

REFERENCES
[1] Zeynep Ahmet, Martin Jonsson, Saiful Islam Sumon, and Lars Erik Holmquist.
2010. Supporting Embodied Exploration of Physical Concepts in Mixed Digital and Physical Interactive Settings. In Proceedings of the Fifth International
Conference on Tangible, Embedded, and Embodied Interaction (Funchal, Portugal)
(TEI ’11). Association for Computing Machinery, New York, NY, USA, 109–116.
https://doi.org/10.1145/1935701.1935723

Designing a Tangible Interface to “Force” Children Collaboration

[2] Michael L. Anderson. 2003. Embodied Cognition: A field guide. Artificial Intelligence 149, 1 (01 Sep 2003), 91–130. https://www.sciencedirect.com/science/
article/pii/S0004370203000547
[3] Alissa N. Antle. 2007. The CTI Framework: Informing the Design of Tangible
Systems for Children. In Proceedings of the 1st International Conference on Tangible
and Embedded Interaction (Baton Rouge, Louisiana) (TEI ’07). Association for
Computing Machinery, New York, NY, USA, 195–202. https://doi.org/10.1145/
1226969.1227010
[4] Alissa N. Antle, Jillian L. Warren, Aaron May, Min Fan, and Alyssa F. Wise.
2014. Emergent Dialogue: Eliciting Values during Children’s Collaboration with
a Tabletop Game for Change. In Proceedings of the 2014 Conference on Interaction
Design and Children (Aarhus, Denmark) (IDC ’14). Association for Computing
Machinery, New York, NY, USA, 37–46. https://doi.org/10.1145/2593968.2593971
[5] Alissa N. Antle and Alyssa F. Wise. 2013. Getting Down to Details: Using Theories
of Cognition and Learning to Inform Tangible User Interface Design. Interacting with Computers 25, 1 (01 2013), 1–20. https://doi.org/10.1093/iwc/iws007
arXiv:https://academic.oup.com/iwc/article-pdf/25/1/1/2312459/iws007.pdf
[6] Saskia Bakker, Elise van den Hoven, and Berry Eggen. 2013. FireFlies: Physical
Peripheral Interaction Design for the Everyday Routine of Primary School Teachers. In Proceedings of the 7th International Conference on Tangible, Embedded and
Embodied Interaction (Barcelona, Spain) (TEI ’13). Association for Computing
Machinery, New York, NY, USA, 57–64. https://doi.org/10.1145/2460625.2460634
[7] Nancy C. Brady. 1997. The Teaching Game: A Reciprocal Peer Tutoring Program
for Preschool Children. Education and Treatment of Children 20, 2 (1997), 123–149.
http://www.jstor.org/stable/42899485
[8] Alejandro Catala, Javier Jaen, Betsy van Dijk, and Sergi Jordà. 2012. Exploring
Tabletops as an Effective Tool to Foster Creativity Traits. In Proceedings of the
Sixth International Conference on Tangible, Embedded and Embodied Interaction
(Kingston, Ontario, Canada) (TEI ’12). Association for Computing Machinery,
New York, NY, USA, 143–150. https://doi.org/10.1145/2148131.2148163
[9] I-Shuo Chen. 2017. Computer self-efficacy, learning performance, and the mediating role of learning engagement. Computers in Human Behavior 72 (2017),
362–370. https://doi.org/10.1016/j.chb.2017.02.059
[10] César A Collazos, Luis A Guerrero, José A Pino, and Sergio F Ochoa. 2003. Collaborative scenarios to promote positive interdependence among group members.
In International Conference on Collaboration and Technology. Springer, 356–370.
[11] Charles Crook. 1998. Children as computer users: the case of collaborative
learning. Computers & Education 30, 3 (1998), 237–247. https://doi.org/10.1016/
S0360-1315(97)00067-5
[12] Pierre Dillenbourg and Michael Evans. 2011. Interactive tabletops in education.
International Journal of Computer-Supported Collaborative Learning 6, 4 (01 Dec
2011), 491–514. https://doi.org/10.1007/s11412-011-9127-7
[13] Pierre Dillenbourg, Sanna Järvelä, and Frank Fischer. 2009. The Evolution of
Research on Computer-Supported Collaborative Learning. Springer Netherlands,
Dordrecht, 3–19. https://doi.org/10.1007/978-1-4020-9827-7_1
[14] Frank Fischer, Ingo Kollar, Karsten Stegmann, and Christof Wecker. 2013. Toward
a Script Theory of Guidance in Computer-Supported Collaborative Learning.
Educational Psychologist 48, 1 (2013), 56–66. https://doi.org/10.1080/00461520.
2012.748005
[15] Jennifer A Fredricks, Phyllis C Blumenfeld, and Alison H Paris. 2004. School Engagement: Potential of the Concept, State of the Evidence. Review of Educational
Research 74, 1 (2004), 59–109. https://doi.org/10.3102/00346543074001059
[16] Carmen L.Z. Gress, Meghann Fior, Allyson F. Hadwin, and Philip H. Winne.
2010. Measurement and assessment in computer-supported collaborative learning. Computers in Human Behavior 26, 5 (2010), 806–814. https://doi.org/10.
1016/j.chb.2007.05.012 Advancing Educational Research on Computer-supported
Collaborative Learning (CSCL) through the use of gStudy CSCL Tools.
[17] Shane R. Jimerson, Emily Campos, and Jennifer L. Greif. 2003. Toward an Understanding of Definitions and Measures of School Engagement and Related
Terms. The California School Psychologist 8, 1 (01 Jan 2003), 7–27. https:
//doi.org/10.1007/BF03340893
[18] David W. Johnson and Roger T. Johnson. 2009. An Educational Psychology
Success Story: Social Interdependence Theory and Cooperative Learning. Educational Researcher 38, 5 (2009), 365–379. https://doi.org/10.3102/0013189X09339057
arXiv:https://doi.org/10.3102/0013189X09339057
[19] Debra M. Kamps, Patricia M. Barbetta, Betsy R. Leonard, and Joseph
Delquadri. 1994.
Classwide Peer Tutoring: An Interaction Strategy to
Improve Reading Skills and Promote Peer Interactions among Students
with Autism and General Education Peers.
Journal of Applied Behavior Analysis 27, 1 (1994), 49–61.
https://doi.org/10.1901/jaba.1994.27-49
arXiv:https://onlinelibrary.wiley.com/doi/pdf/10.1901/jaba.1994.27-49
[20] Magnus Høholt Kaspersen, Karl-Emil Kjær Bilstrup, and Marianne Graves Petersen. 2021. The Machine Learning Machine: A Tangible User Interface for
Teaching Machine Learning. In Proceedings of the Fifteenth International Conference on Tangible, Embedded, and Embodied Interaction (Salzburg, Austria) (TEI ’21).
Association for Computing Machinery, New York, NY, USA, Article 19, 12 pages.
https://doi.org/10.1145/3430524.3440638

IDC ’22, June 27–30, 2022, Braga, Portugal

[21] Marjan Laal. 2013. Positive Interdependence in Collaborative Learning. Procedia
- Social and Behavioral Sciences 93 (2013), 1433–1437. https://doi.org/10.1016/j.
sbspro.2013.10.058 3rd World Conference on Learning, Teaching and Educational
Leadership.
[22] Lipponen Lasse. 2002. Exploring foundations for computer-supported collaborative learning. In Proceedings of the Computer-Supported Collaborative Learning
Conference (Boulder, CO:). 72–81.
[23] Patrick J. Leman. 2015.
How Do Groups Work? Age Differences in
Performance and the Social Outcomes of Peer Collaboration.
Cognitive Science 39, 4 (2015), 804–820.
https://doi.org/10.1111/cogs.12172
arXiv:https://onlinelibrary.wiley.com/doi/pdf/10.1111/cogs.12172
[24] Yanhong Li, Meng Liang, Julian Preissing, Nadine Bachl, Michelle Melina Dutoit,
Thomas Weber, Sven Mayer, and Heinrich Hussmann. 2022. A Meta-Analysis of
Tangible Learning Studies from the TEI Conference. In Sixteenth International
Conference on Tangible, Embedded, and Embodied Interaction (Daejeon, Republic
of Korea) (TEI ’22). Association for Computing Machinery, New York, NY, USA,
Article 7, 17 pages. https://doi.org/10.1145/3490149.3501313
[25] Paul Marshall. 2007. Do Tangible Interfaces Enhance Learning?. In Proceedings
of the 1st International Conference on Tangible and Embedded Interaction (Baton
Rouge, Louisiana) (TEI ’07). Association for Computing Machinery, New York,
NY, USA, 163–170. https://doi.org/10.1145/1226969.1227004
[26] Sarah Matthews, Stephen Viller, and Marie A. Boden. 2020. "... And We Are the
Creators!" Technologies as Creative Material. In Proceedings of the Fourteenth
International Conference on Tangible, Embedded, and Embodied Interaction (Sydney
NSW, Australia) (TEI ’20). Association for Computing Machinery, New York, NY,
USA, 511–518. https://doi.org/10.1145/3374920.3374980
[27] Jean Piaget. 1964. Part I: Cognitive development in children: Piaget development
and learning. Journal of research in science teaching 2, 3 (1964), 176–186.
[28] Joshua Premo, Andy Cavagnetto, and William B. Davis. 2018. Promoting Collaborative Classrooms: The Impacts of Interdependent Cooperative Learning on
Undergraduate Interactions and Achievement. CBE—Life Sciences Education 17, 2
(2018), ar32. https://doi.org/10.1187/cbe.17-08-0176
[29] Sara Price. 2008. A Representation Approach to Conceptualizing Tangible Learning Environments. In Proceedings of the 2nd International Conference on Tangible
and Embedded Interaction (Bonn, Germany) (TEI ’08). Association for Computing Machinery, New York, NY, USA, 151–158. https://doi.org/10.1145/1347390.
1347425
[30] Jeremy Roschelle and Stephanie D. Teasley. 1995. The Construction of Shared
Knowledge in Collaborative Problem Solving. In Computer Supported Collaborative Learning, Claire O’Malley (Ed.). Springer Berlin Heidelberg, Berlin, Heidelberg, 69–97.
[31] Donna Marie San Antonio, Jeff Martel, and Cindy Weisbart. 2020. Perceptions
of Mentors and Mentees in School-based Cross-Age Peer Mentoring in a Lowincome Rural Community. Journal of Child and Youth Care Work 26 (Dec. 2020).
https://doi.org/10.5195/jcycw.2020.12
[32] J. Sills, G. Rowse, and L.-M. Emerson. 2016. The Role of Collaboration in the
Cognitive Development of Young Children: A Systematic Review. Child: Care,
Health and Development 42, 3 (2016), 313–324. https://doi.org/10.1111/cch.12330
arXiv:https://onlinelibrary.wiley.com/doi/pdf/10.1111/cch.12330
[33] Laureen H. Smith. 2011. Cross-age Peer Mentoring Approach to Impact the
Health Outcomes of Children and Families. Journal for Specialists in Pediatric
Nursing 16, 3 (2011), 220–225. https://doi.org/10.1111/j.1744-6155.2011.00286.x
arXiv:https://onlinelibrary.wiley.com/doi/pdf/10.1111/j.1744-6155.2011.00286.x
[34] Tess Speelpenning, Alissa N. Antle, Tanja Doering, and Elise van den Hoven. 2011.
Exploring How Tangible Tools Enable Collaboration in a Multi-touch Tabletop
Game. In Human-Computer Interaction – INTERACT 2011, Pedro Campos, Nicholas
Graham, Joaquim Jorge, Nuno Nunes, Philippe Palanque, and Marco Winckler
(Eds.). Springer Berlin Heidelberg, Berlin, Heidelberg, 605–621.
[35] Christine Stephen and Susan Edwards. 2017. Young children playing and learning
in a digital age: A cultural and critical perspective. Routledge.
[36] Trevor F. Stokes, Carol L. Doud, Trudylee G. Rowbury, and Donald M. Baer. 1978.
Peer Facilitation of Generalization in a Preschool Classroom. Journal of Abnormal
Child Psychology 6, 2 (01 Jun 1978), 203–209. https://doi.org/10.1007/BF00919125
[37] Amanda Strawhacker and Marina U. Bers. 2015. “I want my robot to look for
food”: Comparing Kindergartner’s programming comprehension using tangible,
graphic, and hybrid user interfaces. International Journal of Technology and
Design Education 25, 3 (01 Aug 2015), 293–319. https://doi.org/10.1007/s10798014-9287-7
[38] Alyssa Friend Wise, Alissa Nicole Antle, Jillian Warren, Aaron May, Min Fan, and
Anna Macaranas. 2015. What kind of world do you want to live in? Positive interdependence and collaborative processes in the tangible tabletop land-use planning
game Youtopia. International Society of the Learning Sciences, Inc.[ISLS].
[39] Alyssa Friend Wise, Alissa N Antle, and Jillian L Warren. 2021. Design Strategies
for Collaborative Learning in Tangible Tabletops: Positive Interdependence and
Reflective Pauses. Interacting with Computers 33, 3 (10 2021), 271–294. https:
//doi.org/10.1093/iwc/iwab026

