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ABSTRACT
Creativity is an important part of children’s education. Tangible
User Interfaces (TUIs) provide new possibilities for creative learning.
In this review, we gave an overview of recent studies that supported
children’s creative learning using TUIs. Results showed that TUIs
had many advantages, such as they (1) were novice-friendly, (2) supported children’s cognitive process and development, (3) promoted
their initiatives, (4) enabled them to think outside the box, and
(5) encouraged communication and collaboration in an authentic
context. Meanwhile, we summarized previous work’s three main
limitations: First, most of the studies did not have a long-term experimental verification with sufficient sample size and objective
evaluation; Second, some TUI designs lacked a balance of abstractness, openness, richness, and complexity; Finally, the use of TUIs
had little consideration of the teacher’s role. Therefore, further research should focus more on the trans-disciplinary nature of TUIs
for creative learning and leverage collaboration between humancomputer interaction researchers and school teachers.
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INTRODUCTION

Digital technologies are integrated into people’s daily life and children’s education. Inevitably, this will have an influence, direct or
indirect, on children’s intellectual development, such as creativity.
Creativity should not be neglected in school education [102], since
it is an important skill for the 21st century [25, 38, 124]. “Creativity
is seen as an essential skill that leads to knowledge creation and
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the construction of personal meaning” [25]. Graphical User Interfaces (GUIs), such as computer-assisted learning and Creativity
Support Tools (CSTs) [71, 117], have been used to develop students’ creative behaviors. However, this approach has its limits
due to its monotonous and mechanized interactive means. In fact,
“traditional STEM (Science, Technology, Engineering, and Mathematics) curricula and tools do not always successfully foster the
open-ended imaginative, playful and creative behavior that technology education has the power to cultivate” [124]. Tangible User
Interfaces (TUIs) may provide new potentials to facilitate creative
learning through a natural, interactive interface [41, 119].
While TUI was first introduced in 1997 [53], studies about designing and using TUIs for children’s creative learning have been
conducted mainly in the past five years [16, 24, 32, 61, 93, 133]. Thus,
we analyze recent publications from 2015 to 2020. We aim to provide
a comprehensive picture of how TUIs support children’s creativity
in the field of Human-Computer Interaction (HCI), education, and
psychology.
Our review will focus on three key questions: (RQ1) In what
contexts do children use TUIs for creative learning? (RQ2) How
have these TUIs helped or facilitated creative learning? (RQ3) What
are the challenges for designing and using TUIs in those contexts?
After a brief introduction of the background for creative learning (Sect. 2), Sect. 3 lays out the search and filter criteria and the
general methodology. We outline our findings for these questions
in Sect. 4.1, 4.2, and 4.3, respectively. Finally, we summarize and
discuss the results in Sect. 5.

2 BACKGROUND
2.1 Tangible learning for children
Tangible learning involves gesture, motion, or full-body interaction
and “emphasizes the use of the body in educational practice” [59].
TUIs use the interaction with physical manipulatives and embodied
metaphors to promote understanding of abstract concepts. By embedding technology in everyday objects with natural actions like
grabbing, technology becomes ubiquitous, mixing the physical and
digital world [138]. Tangible interaction with digitally enhanced
interfaces has been previously explored for learning in different
domains, for example, tangible programming [139], tangible music
composition [108], art [107], history [128], and storytelling [136].
TUIs are intuitive, easy to use, and need less cognitive effort to
manipulate objects [140]. More than 100 years ago, Froebel and
Montessori [36, 85] already found the potentials of manipulative
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materials and sensory experience for children. Perception is closely
linked to cognition, and research has shown that manipulation of
physical materials with haptic perception could improve the constructive learning process [81]. TUIs support learning by providing
embodied interaction with physical movements, which can enhance
children’s thinking and learning [95]. For example, Kazanidis et
al. [59] found that TUIs “can offer a natural and immediate form
of interaction that is accessible to learners, allow active and handson engagement, allow for exploration, expression, discovery and
reflection, and promote collaboration”.
TUIs bring the following benefits for children’s learning, which
we compiled from previous research (e.g. [140, 144]): (1) Playfulness: Play is an important nature of children’s lives and promotes
their “social, emotional, physical, and cognitive development” [34].
TUIs promote playful interactions with physical objects; (2) Trial
and error: TUIs foster exploration and experimentation in active
play with trial and error. TUIs allow children to try different things
and easily reverse their actions [140]; (3) Sensory engagement:
TUIs engage multiple senses, which can aid the constructive learning process [144]; (4) Spatial learning: Tangible interaction improves spatial perception through physical embodied interaction,
for instance, rotating objects with one’s hands. Spatial skills are
important for everyday tasks, such as tool use and navigation, and
are also linked to better performance in STEAM (Science, Technology, Engineering, Arts and Mathematics) disciplines [9]. TUIs can
also improve spatial memory [76]; (5) Social connection: TUIs
can be used for learning in groups and enable natural group interaction and discussion [144]. Collaborative tangible learning environments could help children “get over their initial fears in the
areas of mathematics and science and even begin to enjoy these
subjects” [115]; (6) Accessibility: TUIs can make learning accessible for children with impairments, for example, visual impairments
or learning disabilities [144]; (7) Feeling of competence: By directly manipulating objects with their hands or bodies, children
can gain a sense of competence and autonomy while interacting
with technology [140].

2.2

Children’s development of creativity

Childhood is an important stage for creativity development [75, 130,
135]. The nature of children is to be curious and unrestrained. Barron [86] proposed the first widely accepted definition of creativity
in 1955, which emphasized its novelty and public usefulness [87]. In
this case, children’s creative potential might be overlooked because
their creative insights are only expressed in daily activities without
notable contribution. Kaufman’s Four C model [58] expanded the
traditional dimensions of creativity to four models: “Big Creativity”
(eminent and objective) and “Little Creativity” (commonplace and
sometimes subjective), “Pro-creativity” (professional) and “Mini
Creativity”. According to this model, children’s creativity could be
categorized as “mini-c”, which inherent in the learning process.
In addition, previous studies [42] found that individual creativity
depended on the following five components:
Knowledge (also known as crystallized intelligence [17]): Vygotsky [135] summarized the mechanism of creative imagination:
knowledge was the understanding of reality, which was gained
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from self-experience or learned from others’ experience (e.g. historical and social experience). This knowledge provides material
for an individual’s imagination. Imagination, which is critical for
children’s creativity, could change children’s perception of reality.
New thoughts and concepts have to embody with materials to affect
and change the real environment.
Motivation [38]: In addition to external neural stimulation that
provides materials for imagination, initiative needs, motives, and
desires are also critical factors for creativity [135]. Motivation and
willingness to participate in creative activities determine the success and the sustainability of creative development [113]. Keller’s
ARCS Model [62] indicated that attention and satisfaction were
determined factors for motivation. To promote motivation, the attraction strategy in ARCS suggested increasing concreteness and
learner’s curiosity and participation, and satisfaction strategy encouraged to provide natural consequence and positive feedback.
Cognitive ability (known as fluid intelligence [17]): Divergent
thinking [127] and ideation [97] were regarded as crucial foundations for creativity development in many previous studies. Although
divergent thinking is thought to only directly affect idea generation
in the early-cycle problem-solving activity [83], a solution generated from divergent thinking still affects effective implementation
in the later convergence phase indirectly. The convergence of ideas
is also a skill required for the development of creativity [82].
Personality: Based on the Five-Factor Model (FFM) or Big 5 [27],
openness (both attitudinal and perceptual openness) and psychoticism are the most significant factors influencing individuals’ creativity. Neuroticism and conscientiousness affect children’s creativity
in art and science, respectively [8].
Environment [33]: The environment created jointly by parents,
families, educational institutions, and society has a non-negligible
influence on the nurturance of children’s creativity [130]. Thus, it
is essential to create a supportive environment that arouses interest [4]and promotes creative performance [121].
According to Torrance’s developmental curve of creative abilities [130], the overall trend of children’s creativity ability is gradually rising. However, there are periodical declines at certain ages,
such as five-year-old or around fourth grade [106, 130]. Urban [130]
found the manifestations of young children’s creativity were (1) asking questions, (2) exploring their bodies, (3) making, manipulating,
and experimenting with objects, and (4) expressing their feelings.
As children get older, their perceptions become more conscious,
and their creative behaviors become more purposeful and social.
It is an interesting research topic to explore how new technologies stimulate children’s creative thinking and generate a long-term
impact on their creativity development [79]. Studies from different perspectives have explored how to promote students’ creative
learning inside [31, 32, 52, 96] and outside the school [24, 77]. Specifically, as shown in Table 3, they have been conducted mainly from
five perspectives: lower the knowledge threshold, support cognitive process and development, cultivate intrinsic motivation, foster
openness, and create an authentic and collaborative environment.
Embodied cognition theory indicates that “thinking and acting
are intertwined in nature”, which means our body is not only dominated by our mind. Meanwhile, interaction with physical space
and objects affects our thoughts [57]. It positively affects learning
from various aspects, such as sensorimotor, cognitive, and affective
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experience. From HCI perspective, i.e. tangible, embedded, and embodied interaction, the meaning of TUIs is to discover and share by
interacting with computational objects in the physical world and
using human’s body, object, and space [51]. It provides a broad umbrella term for the research, which focus on the role of physicality,
including full-body interaction, motion/gesture-based interaction,
and kinesthetics interaction.

3

METHODS

We mostly followed the procedure outlined by Tsafnat et al. [129]
for our systematic literature review. The review was conducted in
December 2020 using seven databases (see Table 1) from three main
research areas (HCI, education, and psychology), considering only
papers published since 2015.
The keywords used for the search were tangible* and creati*.
Although “embodied” is used as a synonym for “tangible”, we did
not included it for two reasons: First, in the field of HCI, “tangible”
is more related to the computer-aided physical interactive prototype; Second, in psychology or pedagogy, “embodied” has a broader
meaning, which is not directly relevant to our research. Due to the
different searching designs of databases, the combinations of search
terms were lightly adjusted. For example, Science Direct did not
support wildcards, so we used “tangible AND (creative OR creation)”
as a search term instead of “tangible* AND creati*”. In addition,
in the Springer, the search term could only be searched in text or
title, which means it was impossible to search the particular term
in the abstract. When we searched with “tangible* AND creati*” in
the content, it yielded 45,604 results from 2015 to 2020. To reduce
it to a manageable number of results, we used the combination
“title: tangible* AND text: creati* child*” instead, and got 196 results.
Finally, as shown in Table 1, we retrieved 643 papers in total.
We filtered these 643 results using three steps: First, we scanned
their title and abstract. Then, we used a full-text search to see
whether the papers included the relevant terms, such as “creati*”,
“tangible”, “children” or “youth”. If the study did not contain these
keywords or “tangible” was not related to TUIs, we excluded it. In
addition, we only considered studies for the children (our target participants), who were no more than 12 years old. Finally, we filtered
the results using two more inclusive criteria: (1) the study focused
on the impact of TUIs on children’s creative learning behavior or
development; (2) the purpose of TUIs was to improve the children’s
creative learning. The complete list of the remaining 53 papers can
be found in the Appendix.

4 FINDINGS AND DISCUSSION
4.1 Contexts and participants (RQ1)
As mentioned, we reviewed 53 papers related to TUIs for children’s
creative learning. However, the summary of the contexts and demographic information in this subsection is based on a subset of
22 papers, because only these papers had a complete and clear description of the case study that included user context, number and
age of participants, and activity.
The most common contexts to use TUIs for creative learning
were school (6 studies), workshop (6), and museum (3). Kindergarten
and home had two studies, respectively. The other three studies had
no specific contexts. As shown in Table 2, TUIs have supported eight
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different activities. In school, TUIs have engaged students in activities such as three-dimensional modeling [32], multi-dimensional
games [31], and storytelling with musical components [52, 96].
However, most studies aimed at playful and extracurricular activities, and few integrated with the formal curriculum. In the workshop, students used technology to design and implement paper
Mechatronics [93], compose music [30], create stories [98], and
design programs to solve real-world problems [82]. In the museum, children used TUIs to learn historical and cultural knowledge through storytelling [24] and interacted with tangible tokens
for bio-design [77]. In addition, for kindergarten children, results
showed that interacting with robots not only promoted their abilities of computing thinking but also cultivated and enlightened them
in art, music, and culture [122, 124]. Finally, it is worth mentioning
the study of Le Goc et al. [72]. They integrated augmented reality
and TUIs to make creative learning through remote cooperation
possible.
Regarding the age distribution, results indicate that more studies have been conducted for older children than for younger ones.
From 3 to 6 years old, the number of studies rose gradually as 3,
6, 8 and 10. From 7 to 9 years old, it was around 10. For the last
three years (i.e. 10-12 years old), there were 12 or 13 studies per
year. Children’s age would affect how they understand and deal
with rules [99, 100, 133]. Younger children (aged 4 to 6) prefer more
intuitive feedback, such as visual feedback and meaningful sound.
In contrast, older children (aged 10 to 12) are more inclined to combine more complex and abstract interactive methods to play their
games [133]. For example, children at around 10 to 11 years old
prefer more complex rules with flexible details [78]. In the study
of MagicBuns [133], children understood different interactions and
could create their own play space. In addition, children at different
ages used TUIs in different ways. For instance, some comparative
studies found that physical interfaces could significantly improve
younger children’s speed of tasks completing, compared with virtual interfaces. However, TUIs did not improve the older learner
obviously, and it might because they liked to spend more time
exploring the interface [111].
Except for age, children’s gender also made a difference in their
behaviors. For example, Rogers [104] found that boys were better at assembling toys and were more confident to participate
in STEM activities. Combining activities familiar to both male
and female students could promote gender equality. The Diorama
project [25] successfully increased girls’ interests by integrating
programming learning with storytelling, which girls were good at.
Berta’s study [12] also found that TUIs for game development could
increase girls’ curiosity particularly. At the same time, they felt
more confident and competent, and gained a new understanding of
game development [38].
About the number of participants, 72.7% of studies were within
50. The largest one was 193 (includes 134 children), conducted in
the museum [77]. Another study was conducted in a university
workshop and had 130 children [30]. There were 86.4% of studies
conducted as cooperative teamwork.
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Table 1: Search processes and results

Search Database

Search Term

Search Place

Search Results

Review Results

ACM Digital Library
IEEExplore
SpringerLink
Science Direct
ERIC
APAPsyInfo
APAPsyArticle

tangible* AND creati*
tangible* AND creati*
title:tangible*;text:creati* child*
tangible AND creative OR creation
tangible* AND creati*
tangible* AND creati*
tangible* AND creati*

Abstract
Abstract
Title and text
Title, abstract, keywords
Abstract
Abstract
Abstract

183
57
196
90
53
62
2

32
6
7
3
5
0
0

643

53

Table 2: Activities supported by TUIs in the review results
Activities

Number
of studies

References

Storytelling

8

Robot programming
Music composition
Real-world problem solving
Play
3D Modeling
Paper Mechatronics
Design anti-boredom machine

3
3
2
2
1
1
1

[24, 25, 39, 52]
[68, 96, 98, 118]
[14, 124, 124]
[21, 30]
[77, 82]
[31, 133]
[32]
[93]
[10]

4.2

Advantages or influences of TUIs (RQ2)

As mentioned in the background section, creativity in this review
was considered from five dimensions: knowledge, cognitive ability,
motivation, personality (openness), and environment. TUIs affect
children’s creativity indirectly through five dimensions: (1) scaffold
novice with different knowledge and skill levels to lower their
knowledge thresholds for creative activities; (2) promote intrinsic
motivation by facilitating exploration and self-directed creation;
(3) support children’s cognitive process by reducing cognitive
efforts for imagination and spatial thinking, and enabling children
to have multi-dimensional perceptions and more flexibility in divergent thinking; (4) encourage children to break the boundary of
disciplines and keep an open mind to practice their knowledge in
a free creative space; (5) build a collaborative and practical environment where children can share space, objects, and ideas in an
authentic context. Based on 53 reviewed papers, we used affinity diagramming to classify these influences into six categories, mapped
to the five dimensions. This is summarized in Table 3. More details
and examples will be discussed in the following six subsections.
4.2.1 Scaffold novice. TUIs help to scaffold novices. First, as we
know, without prior knowledge and related experience in a field,
novices would face many challenges [82]. New learners’ cognitive
structures are more dependent on working memory [37, 65]. It is
important to scaffold children within the zone of proximal development [110] but not limit their imaginations. To achieve this goal,
TUIs encapsulate complex technical details and extend cognitive

bandwidth to increase technology accessibility and promote children’s creativity [21, 77]. For instance, the design of construction
kits facilitated storytelling [98], programming [103], and music
composing [30, 126] for children who had no related knowledge
or skill. BacPack [77] simplified the professional content and made
the public understand the knowledge. We could learn from these
designs that TUI designers should strive to create the feeling of
easiness and let children feel like experts in hands-on workshops
to arouse their intrinsic motivations [38].
Second, lacking self-confidence, self-regulation, self-efficacy, and
persistence are typical characteristics of novices [101]. For these
problems, TUIs are very beneficial to provide children a comfortable
design space, where they are allowed to use familiar materials like
cardboards [109] to create low-cost prototypes. This environment
could inspire their curiosities and allow them to be immersed in
creating ideas without worrying about risks [31] and failures. For instance, gestural 3D modeling, printing platform TADCAD [32] and,
paper Mechatronics [93] are good examples to facilitate continuous
deconstruct and re-configure creative ideas.
4.2.2 Support cognitive development. “TUI can help support children cognitive processes” [1, 5]. First, the affordance of TUIs extends
children’s cognitive bandwidth so that they could focus more on
experimenting with novel elements [143]. Norman [92] found that
establishing natural mappings could decrease cognitive loads. Also,
a concrete prototype seemed to be vital for design because it helped
children complement the cognitive process of imagination [64].
Second, good TUI designs enable multidimensional interaction and
feedback. It benefits children in many ways, not only their cognitive
development [26] but also their bodies (e.g., fingers, muscle and dexterity development, and hand-eye physical coordination [21, 74]).
Meanwhile, multi-modality provides more flexibility and possibilities for children to allocate meaning [24]. “Learning arises in the
interplay between bodily experience and conceptual insight” [91].
Unlike pragmatic behavior, children often perform exploratory
actions, namely epistemic actions, to uncover the world through
offload internal cognitive resources into the external world [80].
Thus, an increase in epistemic actions benefits children’s cognitive
processes and is associated with creative design [63]. Furthermore,
intuitive tangible interaction enhances children’s spatial cognition
and creative cognition [80, 109]. Spatial thinking, including spatial
awareness and reasoning, is important for mathematics and science
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Table 3: Advantages or Influences of TUIs on children’s creative learning
Creativity
Dimensions
Knowledge
Cognitive ability
Motivation

Personality
(openness)
Environment

Advantages or Influ- Examples of Design Concept in the reviewed papers
ences of TUIs
Scaffold novice
Accessibility [21], affordance [143], “low floors” [98, 103], feel of easiness [38], familiar [38, 82],
low-cost [57, 93, 109], no worry to failure [93], risk-taking [31, 82], iterative [61, 93, 125], flexible
tinkering [61]
Support cognitive de- Free cognitive bandwidth [44], reduce cognitive burden [21], complement cognitive process [142],
velopment
hand-eye coordination [54], give/assign/make meaning [24], epistemic actions [80], spatial cognition [80, 118], creative cognition [80]
Promote initiative cre- Sensory engagement [60], exploration [24, 31, 38], self-expression/ physical expression [31, 61, 98, 102],
ation
arouse scientific curiosity [102], co-design/ co-designer[16, 61], self-directed/ self-driven [101], sense
of agency/ control [10], active imagination/ development [10, 38], enhance confidence/ confidence to
cultivate interest [38, 93]
Think beyond bound- Open/ open-end development/ play/ inquiry/ problem solving [31, 38, 77, 101, 102, 133], free/ freearies
dom [31, 77, 101, 102], think outside box [31], explore beyond instruction [31], original [31], unintended
interpretations [24]
Engage communica- Joint engagement/ joint collaborative activity [39, 120], social interaction [39], shared working space/
tion and collaboration space for spatial interaction [141], common ground [72], insight/ exchange expertise/ share ideas [93],
co-creating [39], inspiration [24]
Return to reality, be- Meaningful [77, 98], reality/ real world context/ problem/ application [38, 77, 98], authentic conyond reality
text [38], practical issue[142], intuitive [30, 77], overcoming time and size scales [77]

learning and real life [89]. Therefore, many TUIs are designed to
promote the formation of mental models in three-dimensional space.
For instance, CyberPLAYce [118] scaffolded students to analyze and
organize data logically in physical space for problem-solving.

4.2.3 Promote initiatives. Motivation has a significant impact on
children’s creative development activities [113]. TUIs have promoted children’s sensory engagement [60], active participation,
exploration, and self-expression. In the following, exploration and
Maker culture would be elaborated to explain how TUIs promote
children’s initiatives. Exploration was crucial to children’s creative development activities [38]. Exploring in an open and inquirybased learning environment with diverse new interactions and
physical flexibility, children could effectively develop their characters and ideas. Because when various attempts and combinations
are possible, children are more motivated to do creative exploration
and expression [7, 31, 38, 102]. For example, a project named MakerWear [61] enabled children to design a wearable object and as
a stylist to create a unique appearance to express and show their
personality fully. Moreover, children could even come up with ideas
to express their emotional states through Tangible Computational
Media (TCM) [98], where TUIs empowered children to explore different possibilities of expression during story-making and extended
their creative potentials in profound ways. In children’s daily life,
tangible interactive objects could stimulate their imaginations and
against boredom. Usually, children become bored because they lack
control or lose their senses of agency [10], especially when there
are too many external stimuli leading to passive imagination [134].
TUIs draw children’s attention from mind-wandering daydreaming
to targeted and active imagination to create new games or tell stories [10]. Giving children more decision-making power and a sense
of control, tangible creating helps children achieve a transition from
boredom into opportunities for creativity.

Except encouraging exploration, TUIs have also set off a “Maker
trend”. Children no longer only passively accept digital information but also become active creators who use digital fabrication
technologies as imaginary play tools to change the world. In Maker
education, children could create objects that react to their actions,
physiological signals, and environments [61]. It also helped to build
their own learning tools [32] and make ideas for TUI designs as
co-designers [16, 30]. For instance, students came up with creative
suggestions for the application scenarios of micro:bit [116], such
as for modern languages or physical education. As Catala et al.
summarized, in the TUI development process, “children can be user,
testers, informants, design partners, or protagonists” [16]. In this
case, children would have sufficient space for self-directed learning
and decision making to show their motivations, subjective initiatives, and creative confidences [21, 30, 98], which are often missing
but required in STEAM (Science, Technology, Engineering, Art, and
Mathematics) education [57].
4.2.4 Think beyond boundaries. Comparing with step-by-step traditional school education, TUI creates a more open and free creative space for students to think beyond boundaries [77]. In many
studies, children were found to explore beyond the instruction,
which resulted in many original or unintended ideas, interpretations, designs, and solutions about the problems [24, 31]. The
research about Mapping Place [24] showed that providing young
children with background knowledge helped them understand the
concepts and focus on the task well. However, children, who were
immersed directly in the tangible learning environment without
prior knowledge, treated visual components more like literal symbols, not abstractions of specific meaning. In addition, TUIs help to
create multi-modal perception and interdisciplinary creative learning environments. For example, the Diorama Project [25] combined
four disciplines (i.e., language, art, programming, and electronics)
and tried to use a tangible education tool to help children acquire
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knowledge and skills effectively and actively. Furthermore, in Mapping Place [24] as cultural heritage, tangible objects were used to
imply culture’s logic and structure.
4.2.5 Encourage communication and collaboration. TUIs facilitate
both communication and collaboration for children. For communication, tangible interaction encourages children’s active participation, joint engagement, and social interaction in the real
world [39, 120]. Both verbal and non-verbal communication (with
the help of gesture sketching or physical object) contribute to a successful collaboration [72]. TUIs create a shared workspace, where
physical objects visualize ideas, experiences, and insights that are
difficult for children to express in words. For the collaboration,
when a child needed partners to help hand over items from a distance in a shared physical space, the cooperation between team
members would naturally increase [77]. Moreover, TUIs promoted
creativity for the sharing process enabled children to gain inspiration and new perspectives from other people’s ideas or feedback.
Furthermore, children were satisfied and proud of the completed
work and accomplishment [116] and gained a sense of creative
confidence because their ideas have inspired others [93].
4.2.6 Return to reality, beyond reality. The invention process is
inherently object-driven in nature [18]. Both authentic tasks and
physical materials in the real world enable children to concrete
their imagination and creative ideas into solid form and finally
change reality. For example, providing meaningful themes, like
enhance living and smart homes, tangible creative activities made
it possible for children to gain a better understanding of concepts
in the authentic context and implement the knowledge they have
learned into daily life [102]. Moreover, the potential of children’s
creativity is triggered by different materials [2, 46, 90], especially
by familiar materials in an unexpected situation [25]. However, it is
worth noting that the more is not always the better. The increasing
diversity of resources can inspire ideas, while limited choices can
help students focus on the creation at hand [142]. Therefore, too
much or too complicated computational-enriched medium should
be avoided to prevent children with limited skills from frustration
in implementation [142]. TUI could shorten the distance between
interaction input and output and allow children to manipulate and
create things with more unconscious and intuitive actions [30, 79].
More importantly, TUI could also increase children’s perception
of space and time by presenting the invisible micro-world and
showing long-term slow changes in a fast-forward manner within
a limited time. For example, BacPack [77] exhibited in a museum
could display the microscopic long-term biological development
process. At the same time, it enabled children to do bio-designs
through spatially arranging or comparing different combinations
of objects.

4.3

Challenges to design and use TUIs (RQ3)

From the review results, we found that to improve research in TUI
for children’s creative learning, researchers, TUI designers, and
teachers need to work together. As shown in Fig. 1, first, TUI designers should balance abstractness, openness, richness, and complexity
for tangible interaction, and make a smooth experience; Second,
teachers’ experience and effects should be highly valued: helping

Figure 1: Future research directions for researchers,
designers and teachers to improve TUIs for children’s
creative learning

them understand the purposes and functions of TUIs, and collaborating with them to conduct the research; Finally, researchers
should consider conducting longer-term experiments with more
participants, using more objective evaluations to verify the effects
of TUI on children’s creative learning, and making it feasible and
sustainable daily learning activities rather than only one-time research projects.
4.3.1 Important TUI design factors. Four key factors of TUI design
for children’s creative learning were achieved and summarized from
review results: abstractness, openness, richness and complexity,
and smooth experience. The following explanations show different
perspectives from children, teachers, and researchers.
Abstractness: Lack of prior knowledge makes children do not
understand the learning contexts [24]. Thus, teachers used to design
explicit instruction for children to understand the tasks well [101].
For example, Kurland and Pea [69] found that “certain concepts
needed to be explicitly taught rather than expecting children to
discover them on their own”. In contrast, TUI designers considered more about scaffolding creative and divergent thinking and
ideation [82]. One study showed that children who had no course
introduction and directly started exploring and creating showed
more collaborative behaviors [24]. Therefore, the abstractness of the
learning process is important [57]. Ontological ambiguity “enables
students to move between actual affair states and imagined possibilities”, similar to the connections that children would establish
with objects in the creative process [40, 105]. Thus, TUI researchers
would like to use abstractness and ambiguity of the physical object
to promote children’s imagination. It also encourages children to
flexibly use knowledge and problem-solving skills in a new and
uncertain environment to become a good creative maker [93, 101].
Furthermore, in order to abstract learning feedback, it is important
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to consider both the ambiguity and affordance when exploiting
physical objects [61, 80]. To match children’s actual learning levels, a well-designed TUI should: (1) start from a child’s perspective,
(2) make the TUI functions simple to understand, (3) make the learning progress easy to recognize. In such a situation, children would
be more confident and engaged to take risks and reconstruct from
mistakes [82]. In other words, when children of different ages play
and learn together, the TUI should be understandable for younger
children while having enough capabilities for older children to
explore [133]. For instance, MagicBuns [133] was designed with
a low-level behavioral abstraction like an LED module for young
children. Meanwhile, it had an accelerometer-based motion module
for older children to do higher-level abstractions.
Openness: Teachers and researchers had different situations
for learning openness [101]. In the real learning environment, the
theoretically impressive constructive approach could only be applied to a limited extent, mainly due to limited resources (time,
space, equipment). Thus, to help children learn better, teachers
often design a simplified problem, a determined purpose, and wellstructured instruction [43, 45, 55]. There are mainly three reasons:
First, “insufficient scaffolding hampered some of the students to
contribute their group’s problem-solving processes on one’s own
initiative” [101]; Second, if children follow pre-structured instruction, they would have enough time for creative thinking and reflection, even though lacking experience or have unreasonable time
management [101]; Finally, younger children need more guidance,
because their comprehensive abilities are still developing and hard
to find solutions for complex problems. A good example is the ImproviSchool project [96]: children not only perceived creativity during
improvisation but also had a high satisfaction of creative efforts
and learning results. Therefore, it might be reasonable for teachers
to value the learning scaffolding to meet children’s abilities and provide opportunities for their self-evaluations and reflections [101].
However, scaffolding might also hinder children’s creativity because they have limited freedom to choose their interests [102].
Lack of control causes children to feel bored in school [13, 70], negatively impacts their meta-cognitive developments, and even leads
to declines in academic performance, absenteeism, and dropout [29].
Thus, it is also reasonable to create a complex, inquiry-based, and
self-directed TUI learning environment for children. They are given
the freedom to pursue their interests, make choices, and plan their
work independently [73, 102]. If tangible objects were equipped
with the capacities to unfold indefinitely [19], children could develop ideas without restrictions [102]. As a result, children could
develop an intrinsic motivation for creativity and active imagination and turn boredom into innovation [10]. The content could have
an unclear goal and insufficient information to design, construct
creatively, and solve open-ended problems from the real world,
such as energy-saving and improve living [43, 88, 101].
Richness and complexity: Another issue is how to consider
both the richness and complexity of TUI learning environments. As
we know, too simple designs are hard to inspire children’s creativity.
However, too many interactive objects and physical manipulation
might overwhelm them. Sometimes, researchers design very complex interfaces and ignore the mental developments of their target
users of different ages and their limited knowledge, experience, and
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skills [101]. Unconstrained physical interaction could be “detrimental to learning”, since “physicality is not important” rather “their
manipulability and meaningfulness make them manipulative educationally effective” [112]. For example, a pilot workshop about
TUIs for children [61] showed that overwhelming children with
too many contents could confuse and frustrate them. Especially
younger children need more time to figure out the function of each
TUI module. One solution was to take children’s age into consideration, remove the complicated modules, and gradually introduce
new functions [61]. Another solution was to scaffold children when
they encountered too complex and abstract learning contents [3].
However, this scaffold should meet children’s level and be adjusted
from the feedback of interactive behaviors, which means it supports them but not deprives them of challenges [3, 28]. Moreover,
scaffolding is not only design through simplification to support students’ ideation or construction. More importantly, it enables them
to overcome their difficulties independently. Therefore, TUI designs should provide children with opportunities for sense-making,
searching, selecting relevant information, arguing their decisions,
and reflecting on their creative learning [101].
Smooth experience: According to Resnick and Rosenbaum’s
design guidelines [49], fluid experimentation and immediate feedback are critical factors for TUI designs. Previous studies [61, 82]
have shown that TUIs with “glitchy” hardware devices or software
systems would have a negative effect on children’s interaction experience and learning effectiveness. There are two reasons: (1) it
affects children’s understanding and makes them confused and frustrated [61]; (2) the malfunction of TUIs hinders children’s creative
design and makes them feel hesitant and stressed. In other words,
the incomprehensibility and unreliability of TUIs would make children become cautious and refuse to take risks [114], and even lose
their courage to learn from failures and mistakes, which consequently limit their creativity [61, 82]. Therefore, before inviting
children to play with TUIs, it is necessary to conduct a comprehensive and thoughtful test to fix those “glitches”. In addition, no timely
feedback or no clear state signs also affects the smooth experience.
It makes children frustrated and confused because they worry about
failure [21]. For instance, in Abreu and Barbosa’s study [31], children stopped using the screen because it did not respond to their
behaviors in time. Similarly, when the output is different from what
the children expected, they would feel disappointed and reduce
their game playing time [21].
4.3.2 Consider teachers in the TUI design. If the teacher’s role is
not considered, TUI-supported creative learning might not work.
In the past five years, most related studies are conducted by HCI researchers and not teachers [101]. It caused three problems [124]:
(1) TUIs might not support their teaching methods, their original
teaching strategies might have to be changed for TUIs; (2) high
learning costs to use it in the class; (3) poor user experience from
their teaching perspectives. Therefore, tangible creative learning
was normally used in after-school activities rather than in the real
class. Because “without teachers, you don’t really get it as a part of
the school culture” [101]. Three possible solutions for the above
problems are [124]: (1) involving teachers as stakeholders and refining TUI designs based on their feedback; (2) providing some training
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programs to help teachers understand the design purposes and functions; (3) TUI researchers cooperate with teachers to understand
actual school contexts and the children’s characteristics. In this
way, a tangible interactive environment makes teachers themselves
become practitioners for creative thinking, indirectly influencing
children’s behaviors [75]. From the requirements of actual school
education, TUI designs could be avoided to use too professional
or expensive equipment instead keeping low cost and easily reconstructable TUI tools, which increases the TUI affordability and
accessibility [57, 109].
In addition, if teachers learn from successful TUI examples, they
could rethink and improve their teaching methods [101]. It is important to integrate TUIs into school education and see the evidence of
good performance [96, 116]. For TUI application, the most important thing is to provide ready-to-use educational tools to support
teaching [25], where teachers could integrate TUIs in educational
activities easily and actively [101]. In other words, teachers could
design a tangible interactive environment to “define learning outcomes, and facilitate the activities”, and finally achieve the teaching
goal [56, 101]. For example, WeMake [57] proposed a framework
for students, teachers, and interdisciplinary researchers to design
embodied learning environments collaboratively. To benefit teachers, TUIs could be designed to track children’s behaviors during
the activities. Thus, it can be easier to understand children’s mental
status, “to find opportunities to provoke their interest, challenge
their thinking and support independent or collaborative problem
solving” [75]. Finally, as children know how to do, teachers can
“fade their visible support” [48]. It can also remind teachers to notice and respond to children in time, especially when they meet
difficulties in more complex tasks [3].
4.3.3 Problems to evaluate TUIs. In the review results, three issues
about how to design a TUI and evaluate its effect were summarized.
First, previous TUI designs put more effort into developing prototypes and their interaction ways, rather than the content, effect,
cognitive and motivational factors of learning [14, 50, 57, 79]. A
meaningful comparative study showed GUIs to be more beneficial
for concept learning, while TUIs encouraged children’s exploration
and increased their participation and cooperation [122]. However,
the number of comparative studies was very limited [109], especially for preschool children [124]. Second, previous studies lack
empirical evidence or experimental confirmation to support the effectiveness of TUIs [23, 35]. There were two problems [93, 98, 101]:
(1) the number of participants in these experiments was very small;
(2) the experiment time might not be enough to get actual feedback.
Long-term research was better to have children reflect on their interaction [25]; however, most studies were conducted within a short
time, such as a one-day workshop. Finally, it is hard to evaluate the
actual effects of TUIs on children’s creative learning, especially for
design-related studies [102]. According to Cherry and Latulipe’s
Creativity Support Index [22], creative behaviors were measured
from exploration, collaboration, engagement, effort/reward tradeoff, tool transparency, and expressiveness. Children’s perception
and feedback with survey or questionnaire [61, 90] and comments
were other means. However, they were insufficient [79] for its subjective methods. For instance, ImproviSchool researchers used a
self-reporting tool to evaluate but proposed a more objective way
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was needed [96]. A quantitative analysis of the effect of tangible
interaction on creativity might be better [79], such as based on
Gero’s Function-Behavior-Structure (FBS) coding scheme [98] and
Amabile’s Consensual Assessment Technique (CAT). Actually, for
the unclear definition and measure difficulties of creativity, it is
still a challenge to do an objective evaluation on Creativity Support
Tools (CSTs) [71, 117].

5

CONCLUSION

Childhood is an important period for creativity development. In
this review study, 53 papers published between 2015 and 2020 were
reviewed, and 22 of them were used for basic information analysis (RQ1). The result showed most common contexts to use TUI for
children’s creative learning were school, workshop, and museum.
More studies were designed for older children than younger ones.
Corresponding to five dimensions of creativity, i.e., knowledge, cognitive ability, motivation, personality (openness), and environment,
TUIs benefited children’s creative learning by providing novicefriendly interaction, supporting the cognitive process, promoting
their initiatives, encouraging them to think outside the box, and
facilitating communication and collaboration in an authentic context (RQ2). There are three main challenges to design and use TUI
for children’s creative learning: (1) finding the balance of abstractness, openness, and complexity in TUI design and creating a smooth
experience for young children; (2) cooperating with teachers in TUI
design so that the tangible interactive learning could be integrated
into school education; (3) increasing the number of sample size and
long-term experiments and providing more objective evaluation.
We have contributed to providing an overall picture of the participant characteristics, user contexts, and TUI effects on children’s
creative learning and insight that current TUI concepts for children
was essentially conducted by HCI researchers and designers rather
than teachers with substantial experience. We argued that the importance of teachers should not be neglected and discussed how
researchers, designers, and teachers need to be included to improve
the future studies. However, four limitations still existed: (1) Although studies from education and psychology were searched, this
literature review preset readers were mainly from HCI. Thus, findings and discussion might more benefit HCI researchers. Also, there
was an objective reason: limited papers on education and psychology were obtained. It might because they used different keywords
such as “embodied” and “physical computing” to describe tangible
interaction. Therefore, if a future review study wants to explore
the differences or compare studies among HCI, psychology, and
education, search terms should be carefully chosen. (2) Only studies
between 2015 and 2020 with keywords "tangible", and "creati*" were
reviewed, which might lose some important findings that were published earlier or deal implicitly with creativity. In fact, adolescence
is also a critical state for creative development. Future studies can
investigate a longer span to understand how creativity is developed
from childhood to adolescence and the different designs of their
TUIs; (3) Results of TUI effects were not clear or sufficient in some
studies. For example, some studies aimed to improve children’s
creativity, but TUI was only one part of the experimental design;
(4) Few findings of using TUIs in the class were obtained. As we already mentioned in the findings, most TUI studies were conducted
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as after-school activities, which might not be helpful for teachers
understanding the usefulness and advantages of TUIs for children’s
creative learning.

[17]

ACKNOWLEDGMENTS

[18]

This research is funded by the Elite Network of Bavaria (K-GS-2012209).

[19]
[20]

REFERENCES
[1] Diana Africano, Sara Berg, Kent Lindbergh, Peter Lundholm, Fredrik Nilbrink,
and Anna Persson. 2004. Designing tangible interfaces for children’s collaboration. In Extended abstracts of the 2004 Conference on Human Factors
in Computing Systems, CHI 2004, Vienna, Austria, April 24 - 29, 2004, Elizabeth Dykstra-Erickson and Manfred Tscheligi (Eds.). ACM, 853–868. https:
//doi.org/10.1145/985921.985945
[2] Inna Alesina and Ellen Lupton. 2010. Exploring materials: Creative design for
everyday objects. Princeton Architectural Press.
[3] Martha W Alibali and Mitchell J Nathan. 2007. Teachers’ gestures as a means
of scaffolding students’ understanding: Evidence from an early algebra lesson.
Video research in the learning sciences (2007), 349–365.
[4] Abdullah Aljughaiman and Elizabeth Mowrer-Reynolds. 2005. Teachers’ Conceptions of Creativity and Creative Students. The Journal of Creative Behavior
39, 1 (2005), 17–34. https://doi.org/10.1002/j.2162-6057.2005.tb01247.x
[5] Alissa Nicole 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 2007, Baton Rouge, Louisiana, USA, February 15-17,
2007, Brygg Ullmer and Albrecht Schmidt (Eds.). ACM, 195–202. https://doi.
org/10.1145/1226969.1227010
[6] Janelle Arita, Jinsil Hwaryoung Seo, Sharon Lynn Chu, and Francis K. H. Quek.
2015. The role of materiality in tangibles for young children’s digital art drawings. In Proceedings of the 14th International Conference on Interaction Design and
Children, IDC ’15, Medford, MA, USA, June 21-25, 2015, Marina Umaschi Bers and
Glenda Revelle (Eds.). ACM, 323–326. https://doi.org/10.1145/2771839.2771907
[7] Saskia Bakker, Elise van den Hoven, and Alissa Nicole Antle. 2011. MoSo
tangibles: evaluating embodied learning. In Proceedings of the 5th International Conference on Tangible and Embedded Interaction 2011, Funchal, Madeira,
Portugal, January 22-26, 2011, Mark D. Gross, Nuno Jardim Nunes, Ellen YiLuen Do, Stephen A. Brewster, and Ian Oakley (Eds.). ACM, 85–92. https:
//doi.org/10.1145/1935701.1935720
[8] Mark Batey and Adrian Furnham. 2006. Creativity, Intelligence, and Personality:
A Critical Review of the Scattered Literature. Genetic, Social, and General
Psychology Monographs 132, 4 (2006), 355–429. https://doi.org/10.3200/MONO.
132.4.355-430 PMID: 18341234.
[9] G.E. Baykal, I. Veryeri Alaca, A.E. Yantaç, and T. Göksun. 2018. A review on
complementary natures of tangible user interfaces (TUIs) and early spatial
learning. International Journal of Child-Computer Interaction 16 (June 2018),
104–113. https://doi.org/10.1016/j.ijcci.2018.01.003
[10] Danielle Begnaud, Merijke Coenraad, Naishi Jain, Dhruvi Patel, and Elizabeth
Bonsignore. 2020. "It’s Just Too Much": Exploring Children’s Views of Boredom
and Strategies to Manage Feelings of Boredom. In Proceedings of the Interaction
Design and Children Conference (London, United Kingdom) (IDC ’20). Association
for Computing Machinery, New York, NY, USA, 624–636. https://doi.org/10.
1145/3392063.3394414
[11] Ilene R. Berson, Karen Murcia, Michael J. Berson, Victoria Damjanovic, and Virginia McSporran. 2019. Tangible Digital Play in Australian and U.S. Preschools.
Kappa Delta Pi Record 55, 2 (2019), 78–84. https://doi.org/10.1080/00228958.
2019.1580986
[12] Riccardo Berta, Francesco Bellotti, Erik van der Spek, and Thomas Winkler.
2017. A Tangible Serious Game Approach to Science, Technology, Engineering,
and Mathematics (STEM) Education. Springer Singapore, Singapore, 571–592.
https://doi.org/10.1007/978-981-4560-50-4_32
[13] Po Bronson and Ashley Merryman. 2010. The creativity crisis.
[14] W. S. Burleson, D. B. Harlow, K. J. Nilsen, K. Perlin, N. Freed, C. N. Jensen, B.
Lahey, P. Lu, and K. Muldner. 2018. Active Learning Environments with Robotic
Tangibles: Children’s Physical and Virtual Spatial Programming Experiences.
IEEE Transactions on Learning Technologies 11, 1 (2018), 96–106. https://doi.org/
10.1109/TLT.2017.2724031
[15] Martin Cápay and Nika Klimová. 2019. Engage Your Students via Physical Computing!. In IEEE Global Engineering Education Conference, EDUCON 2019, Dubai,
United Arab Emirates, April 8-11, 2019, Alaa K. Ashmawy and Sebastian Schreiter
(Eds.). IEEE, 1216–1223. https://doi.org/10.1109/EDUCON.2019.8725101
[16] Alejandro Catalá, Cristina Sylla, Mariët Theune, Eva Brooks, and Janet C. Read.
2018. Rethinking children’s co-creation processes beyond the design of TUIs.
In Proceedings of the 17th ACM Conference on Interaction Design and Children,

[21]

[22]
[23]

[24]

[25]

[26]
[27]
[28]

[29]

[30]

[31]

[32]

[33]
[34]

IDC 2018, Trondheim, Norway, June 19-22, 2018, Michail N. Giannakos, Letizia
Jaccheri, and Monica Divitini (Eds.). ACM, 733–740. https://doi.org/10.1145/
3202185.3205870
Raymond B. Cattell. 1971. Abilities : their structure, growth, and action [by]
Raymond B. Cattell. Houghton Mifflin Boston. xxii, 583 p. pages.
Karin Knorr Cetina. 2009. Epistemic cultures: How the sciences make knowledge.
Harvard University Press.
Karin Knorr Cetina, Theodore R Schatzki, and Eike Von Savigny. 2005. The
practice turn in contemporary theory. Routledge.
K. Chappell, L. Hetherington, H. Ruck Keene, H. Wren, A. Alexopoulos, O.
Ben-Horin, K. Nikolopoulos, J. Robberstad, S. Sotiriou, and F.X. Bogner. 2019.
Dialogue and materiality/embodiment in science|arts creative pedagogy: Their
role and manifestation. Thinking Skills and Creativity 31 (2019), 296 – 322.
https://doi.org/10.1016/j.tsc.2018.12.008
Chunhan Chen, Yihan Tang, Tianyi Xie, and Stefania Druga. 2019. The Humming
Box: AI-Powered Tangible Music Toy for Children. In Extended Abstracts of the
Annual Symposium on Computer-Human Interaction in Play Companion Extended
Abstracts (Barcelona, Spain) (CHI PLAY ’19 Extended Abstracts). Association for
Computing Machinery, New York, NY, USA, 87–95. https://doi.org/10.1145/
3341215.3356990
Erin Cherry and Celine Latulipe. 2014. Quantifying the Creativity Support of
Digital Tools through the Creativity Support Index. ACM Trans. Comput.-Hum.
Interact. 21, 4, Article 21 (June 2014), 25 pages. https://doi.org/10.1145/2617588
Lee Chia-Hsun, Ma Yu-Pin, and Jeng Taysheng. 2003. A Spatially-Aware Tangible Interface for Computer-Aided Design. In CHI ’03 Extended Abstracts on
Human Factors in Computing Systems (Ft. Lauderdale, Florida, USA) (CHI EA
’03). Association for Computing Machinery, New York, NY, USA, 960–961.
https://doi.org/10.1145/765891.766094
Jean Ho Chu, Paul Clifton, Daniel Harley, Jordanne Pavao, and Ali Mazalek.
2015. Mapping Place: Supporting Cultural Learning through a Lukasa-Inspired
Tangible Tabletop Museum Exhibit. In Proceedings of the Ninth International
Conference on Tangible, Embedded, and Embodied Interaction (Stanford, California, USA) (TEI ’15). Association for Computing Machinery, New York, NY, USA,
261–268. https://doi.org/10.1145/2677199.2680559
Sanne Cools, Peter Conradie, Maria-Cristina Ciocci, and Jelle Saldien. 2018. The
Diorama Project : development of a tangible medium to foster STEAM education
using storytelling and electronics. In Citizen, territory and technologies : smart
learning contexts and practices (Aveiro, Portugal), Óscar Mealha, Monica Divitini,
and Matthias Rehm (Eds.), Vol. 80. Springer, 169–178. http://dx.doi.org/10.1007/
978-3-319-61322-2_17
José Luis Cortina, Claudia Zúñiga, and Jana Višňovská. 2015. An Alternative
Starting Point for Fraction Instruction. International Journal for Mathematics
Teaching & Learning (2015).
Paul T Costa and Robert R McCrae. 1985. The NEO personality inventory. Psychological Assessment Resources Odessa, FL.
Mats Daniels and Amie Hauer. 2007. Balancing scaffolding and complexity in
open ended group projects (OEGPs). In 2007 37th Annual Frontiers In Education Conference - Global Engineering: Knowledge Without Borders, Opportunities
Without Passports. F2G–1–F2G–2. https://doi.org/10.1109/FIE.2007.4418091
Elena C. Daschmann, Thomas Goetz, and Robert H. Stupnisky. 2014. Exploring
the antecedents of boredom: Do teachers know why students are bored? Teaching and Teacher Education 39 (2014), 22–30. https://doi.org/10.1016/j.tate.2013.
11.009
Jack Davenport, Mark Lochrie, and John Law. 2017. Supporting Creative
Confidence in a Musical Composition Workshop: Sound of Colour. In Extended Abstracts Publication of the Annual Symposium on Computer-Human
Interaction in Play (Amsterdam, The Netherlands) (CHI PLAY ’17 Extended Abstracts). Association for Computing Machinery, New York, NY, USA, 339–344.
https://doi.org/10.1145/3130859.3131307
Filipa Martins de Abreu and Álvaro Barbosa. 2017. Creative Engagement:
Multimodal Digital Games in Children’s Learning Environment in Macau S.A.R..
In Proceedings of the 8th International Conference on Digital Arts (Macau, China)
(ARTECH2017). Association for Computing Machinery, New York, NY, USA,
47–54. https://doi.org/10.1145/3106548.3106599
Ellen Yi-Luen Do. 2015. Creating Unique Technology for Everyone. In Proceedings of the ASEAN CHI Symposium’15 (Seoul, Republic of Korea) (ASEAN CHI
Symposium’15). Association for Computing Machinery, New York, NY, USA,
42–45. https://doi.org/10.1145/2776888.2780363
Rebecca A. Dodds, Steven M. Smith, and Thomas B. Ward. 2002. The Use of
Environmental Clues During Incubation. Creativity Research Journal 14, 3-4
(2002), 287–304. https://doi.org/10.1207/S15326934CRJ1434_1
Jerry Alan Fails, Allison Druin, Mona Leigh Guha, Gene Chipman, Sante Simms,
and Wayne Churaman. 2005. Child’s Play: A Comparison of Desktop and
Physical Interactive Environments. In Proceedings of the 2005 Conference on
Interaction Design and Children (Boulder, Colorado) (IDC ’05). Association for
Computing Machinery, New York, NY, USA, 48–55. https://doi.org/10.1145/
1109540.1109547

C&C ’21, June 22–23, 2021, Venice, Italy

[35] Morten Fjeld, Martin Bichsel, and Matthias Rauterberg. 1998. BUILD-IT: An
intuitive design tool based on direct object manipulation. In Gesture and Sign
Language in Human-Computer Interaction, Ipke Wachsmuth and Martin Fröhlich
(Eds.). Springer Berlin Heidelberg, Berlin, Heidelberg, 297–308. https://doi.org/
10.1007/BFb0053008
[36] Friedrich Fröbel. 1826. On the Education of Man (Die Menschenerziehung). Keilhau/Leipzig: Wienbrach.
[37] Robert M Gagne and Leslie J Briggs. 1974. Principles of instructional design. Holt,
Rinehart & Winston.
[38] Michail N. Giannakos and Letizia Jaccheri. 2018. From players to makers:
An empirical examination of factors that affect creative game development.
International Journal of Child-Computer Interaction 18 (2018), 27–36. https:
//doi.org/10.1016/j.ijcci.2018.06.002
[39] Becca Rose Glowacki. 2017. Bear Abouts: Sharing Stories across the Physical and
Digital. In Proceedings of the 2017 Conference on Interaction Design and Children
(Stanford, California, USA) (IDC ’17). Association for Computing Machinery,
New York, NY, USA, 683–686. https://doi.org/10.1145/3078072.3091980
[40] David Goading. 1992. Putting agency back into experiment. (1992).
[41] Carina S. González-González, María D. Guzmán-Franco, and Alfonso InfanteMoro. 2019. Tangible Technologies for Childhood Education: A Systematic
Review. Sustainability 11, 10 (2019). https://doi.org/10.3390/su11102910
[42] Joy Paul Guilford. 1950. Creativity. American psychologist 5, 9 (1950), 444.
[43] Erica Rosenfeld Halverson and Kimberly Sheridan. 2014. The Maker Movement
in Education. Harvard Educational Review 84, 4 (12 2014), 495–504. https:
//doi.org/10.17763/haer.84.4.34j1g68140382063
[44] Jiffer Harriman, Michael Theodore, and Mark Gross. 2015. The KitschInstrument: Hackable Robotic Music. In Proceedings of the Ninth International
Conference on Tangible, Embedded, and Embodied Interaction (Stanford, California, USA) (TEI ’15). Association for Computing Machinery, New York, NY, USA,
141–144. https://doi.org/10.1145/2677199.2680593
[45] Amie Hauer and Mats Daniels. 2008. A Learning Theory Perspective on Running
Open Ended Group Projects (OEGPs). In Proceedings of the Tenth Conference on
Australasian Computing Education - Volume 78 (Wollongong, NSW, Australia)
(ACE ’08). Australian Computer Society, Inc., AUS, 85–91.
[46] Elisabeth Heimdal and Tanja Rosenqvist. 2012. Three roles for textiles as
tangible working materials in co-designprocesses. CoDesign 8, 2-3 (2012), 183–
195. https://doi.org/10.1080/15710882.2012.672579
[47] Julie Henry and Bruno Dumas. 2018. Perceptions of computer science among
children after a hands-on activity: A pilot study. In 2018 IEEE Global Engineering
Education Conference (EDUCON). 1811–1817. https://doi.org/10.1109/EDUCON.
2018.8363454
[48] Cindy E Hmelo-Silver and Howard S Barrows. 2006. Goals and strategies of a
problem-based learning facilitator. Interdisciplinary journal of problem-based
learning 1, 1 (2006), 4. https://doi.org/10.7771/1541-5015.1004
[49] Margaret Honey and David E Kanter. 2013. Design, make, play: Growing the next
generation of STEM innovators. Routledge.
[50] Eva Hornecker. 2008. “I don’t understand it either, but it is cool” - visitor
interactions with a multi-touch table in a museum. In 2008 3rd IEEE International
Workshop on Horizontal Interactive Human Computer Systems. 113–120. https:
//doi.org/10.1109/TABLETOP.2008.4660193
[51] Eva Hornecker. 2011. The Role of Physicality in Tangible and Embodied Interactions. Interactions 18, 2 (March 2011), 19–23. https://doi.org/10.1145/1925820.
1925826
[52] Gesu India, Geetha Ramakrishna, Jyoti Bisht, and Manohar Swaminathan. 2019.
Computational Thinking as Play: Experiences of Children Who Are Blind or
Low Vision in India. In The 21st International ACM SIGACCESS Conference on
Computers and Accessibility (Pittsburgh, PA, USA) (ASSETS ’19). Association for
Computing Machinery, New York, NY, USA, 519–522. https://doi.org/10.1145/
3308561.3354608
[53] Hiroshi Ishii and Brygg Ullmer. 1997. Tangible Bits: Towards Seamless Interfaces
between People, Bits and Atoms. In Proceedings of the ACM SIGCHI Conference
on Human Factors in Computing Systems (Atlanta, Georgia, USA) (CHI ’97).
Association for Computing Machinery, New York, NY, USA, 234–241. https:
//doi.org/10.1145/258549.258715
[54] Qiao Jin, Danli Wang, and Fang Sun. 2018. TanCreator: A Tangible Tool for
Children to Create Augmented Reality Games. In Proceedings of the 2018 ACM
International Joint Conference and 2018 International Symposium on Pervasive
and Ubiquitous Computing and Wearable Computers (Singapore, Singapore)
(UbiComp ’18). Association for Computing Machinery, New York, NY, USA,
82–85. https://doi.org/10.1145/3267305.3267603
[55] David H Jonassen. 1997. Instructional design models for well-structured and IIIstructured problem-solving learning outcomes. Educational technology research
and development 45, 1 (1997), 65–94. https://doi.org/10.1007/BF02299613
[56] Kaiju Kangas, Pirita Seitamaa-Hakkarainen, and Kai Hakkarainen. 2013. Design
expert’s participation in elementary students’ collaborative design process.
International Journal of Technology and Design Education 23, 2 (2013), 161–178.
https://doi.org/10.1007/s10798-011-9172-6
[57] Anastasios Karakostas, George Palaigeorgiou, and Yiannis Kompatsiaris. 2017.
WeMake: A Framework for Letting Students Create Tangible, Embedded and

Meng Liang, Yanhong Li, Thomas Weber, and Heinrich Hußmann

[58]
[59]

[60]

[61]

[62]
[63]
[64]
[65]

[66]

[67]

[68]

[69]
[70]
[71]

[72]

[73]

[74]

[75]

Embodied Environments for Their Own STEAM Learning. In Internet Science,
Ioannis Kompatsiaris, Jonathan Cave, Anna Satsiou, Georg Carle, Antonella
Passani, Efstratios Kontopoulos, Sotiris Diplaris, and Donald McMillan (Eds.).
Springer International Publishing, Cham, 3–18. https://doi.org/10.1007/978-3319-70284-1_1
James C. Kaufman and Ronald A. Beghetto. 2009. Beyond Big and Little: The
Four C Model of Creativity. Review of General Psychology 13, 1 (2009), 1–12.
https://doi.org/10.1037/a0013688 arXiv:https://doi.org/10.1037/a0013688
Ioannis Kazanidis, George Palaigeorgiou, and Christos Bazinas. 2018. Dynamic
interactive number lines for fraction learning in a mixed reality environment.
In 2018 South-Eastern European Design Automation, Computer Engineering, Computer Networks and Society Media Conference (SEEDA_CECNSM). IEEE, Kastoria,
1–5. https://doi.org/10.23919/SEEDA-CECNSM.2018.8544927
Ioannis Kazanidis, George Palaigeorgiou, and Christos Bazinas. 2018. Dynamic
interactive number lines for fraction learning in a mixed reality environment.
In 2018 South-Eastern European Design Automation, Computer Engineering, Computer Networks and Society Media Conference (SEEDA_CECNSM). IEEE, 1–5.
https://doi.org/10.23919/SEEDA-CECNSM.2018.8544927
Majeed Kazemitabaar, Jason McPeak, Alexander Jiao, Liang He, Thomas Outing, and Jon E. Froehlich. 2017. MakerWear: A Tangible Approach to Interactive Wearable Creation for Children. In Proceedings of the 2017 CHI Conference on Human Factors in Computing Systems (Denver, Colorado, USA) (CHI
’17). Association for Computing Machinery, New York, NY, USA, 133–145.
https://doi.org/10.1145/3025453.3025887
John M Keller. 1987. Development and use of the ARCS model of instructional
design. Journal of instructional development 10, 3 (1987), 2–10. https://doi.org/
10.1007/BF02905780
Mi Jeong Kim and Mary Lou Maher. 2008. The impact of tangible user interfaces
on spatial cognition during collaborative design. Design Studies 29, 3 (2008),
222–253. https://doi.org/10.1016/j.destud.2007.12.006
Richard Kimbell and Kay Stables. 2007. Researching design learning: Issues and
findings from two decades of research and development. Vol. 34. Springer Science
& Business Media. https://doi.org/10.1007/978-1-4020-5115-9
Paul A. Kirschner, John Sweller, and Richard E. Clark. 2006. Why Minimal
Guidance During Instruction Does Not Work: An Analysis of the Failure of Constructivist, Discovery, Problem-Based, Experiential, and Inquiry-Based Teaching. Educational Psychologist 41, 2 (2006), 75–86. https://doi.org/10.1207/
s15326985ep4102_1
Varsha Koushik, Darren Guinness, and Shaun K. Kane. 2019. StoryBlocks: A
Tangible Programming Game To Create Accessible Audio Stories. In Proceedings
of the 2019 CHI Conference on Human Factors in Computing Systems (Glasgow,
Scotland Uk) (CHI ’19). Association for Computing Machinery, New York, NY,
USA, 1–12. https://doi.org/10.1145/3290605.3300722
Manya Krishnaswamy, Bori Lee, Chirag Murthy, Hannah Rosenfeld, and
Austin S. Lee. 2017. Iyagi: An Immersive Storytelling Tool for Healthy Bedtime Routine. In Proceedings of the Eleventh International Conference on Tangible, Embedded, and Embodied Interaction (Yokohama, Japan) (TEI ’17). Association for Computing Machinery, New York, NY, USA, 603–608. https:
//doi.org/10.1145/3024969.3025076
Aleksander Krzywinski and Weiqin Chen. 2015. Hi Robot: Evaluating RoboTale.
In Proceedings of the 2015 International Conference on Interactive Tabletops &
Surfaces (Madeira, Portugal) (ITS ’15). Association for Computing Machinery,
New York, NY, USA, 367–372. https://doi.org/10.1145/2817721.2823507
D Midian Kurland and Roy D Pea. 1985. Children’s mental models of recursive
LOGO programs. Journal of Educational Computing Research 1, 2 (1985), 235–243.
https://doi.org/10.2190/JV9Y-5PD0-MX22-9J4Y
Reed W Larson and Maryse H Richards. 1991. Boredom in the middle school
years: Blaming schools versus blaming students. American journal of education
99, 4 (1991), 418–443. https://doi.org/10.1086/443992
Celine Latulipe. 2013. The Value of Research in Creativity and the Arts. In Proceedings of the 9th ACM Conference on Creativity & Cognition (Sydney, Australia)
(C&C ’13). Association for Computing Machinery, New York, NY, USA, 1–10.
https://doi.org/10.1145/2466627.2485921
Mathieu Le Goc, Allen Zhao, Ye Wang, Griffin Dietz, Rob Semmens, and Sean
Follmer. 2020. Investigating Active Tangibles and Augmented Reality for Creativity
Support in Remote Collaboration. Springer International Publishing, Cham, 185–
200. https://doi.org/10.1007/978-3-030-28960-7_12
Kian Teck Lee. 2016. Use of Tangible Learning in Stem Education. In SIGGRAPH
ASIA 2016 Mobile Graphics and Interactive Applications (Macau) (SA ’16). Association for Computing Machinery, New York, NY, USA, Article 23, 2 pages.
https://doi.org/10.1145/2999508.3008582
Arthur Lefford, Herbert G Birch, and George Green. 1974. The perceptual
and cognitive bases for finger localization and selective finger movement in
preschool children. Child Development (1974), 335–343. https://doi.org/10.2307/
1127953
Nicole Leggett. 2017. Early childhood creativity: challenging educators in their
role to intentionally develop creative thinking in children. Early Childhood

Tangible Interaction for Children’s Creative Learning: A Review

[76]

[77]

[78]
[79]

[80]

[81]

[82]

[83]
[84]

[85]
[86]
[87]
[88]

[89]
[90]

[91]
[92]
[93]

[94]

Education Journal 45, 6 (2017), 845–853. https://doi.org/10.1007/s10643-0160836-4
Markus Löchtefeld, Frederik Wiehr, and Sven Gehring. 2017. Analysing the
Effect of Tangibile User Interfaces on Spatial Memory. In Proceedings of the
5th Symposium on Spatial User Interaction. ACM Symposium on Spatial User
Interaction (SUI-2017), October 16-17, Brighton, United Kingdom. ACM, 78–81.
https://doi.org/10.1145/3131277.3132172
Anna Loparev, Lauren Westendorf, Margaret Flemings, Jennifer Cho, Romie
Littrell, Anja Scholze, and Orit Shaer. 2017. BacPack: Exploring the Role of
Tangibles in a Museum Exhibit for Bio-Design. In Proceedings of the Eleventh
International Conference on Tangible, Embedded, and Embodied Interaction (Yokohama, Japan) (TEI ’17). Association for Computing Machinery, New York, NY,
USA, 111–120. https://doi.org/10.1145/3024969.3025000
Rani Lueder and Valerie J Berg Rice. 2007. Ergonomics for Children: Designing
products and places for toddler to teens. CRC Press. https://doi.org/10.1201/
9780203609163
Mary Lou Maher, John Gero, Lina Lee, Rongrong Yu, and Tim Clausner. 2016.
Measuring the Effect of Tangible Interaction on Design Cognition. In Foundations
of Augmented Cognition: Neuroergonomics and Operational Neuroscience, Dylan D.
Schmorrow and Cali M. Fidopiastis (Eds.). Springer International Publishing,
Cham, 348–360. https://doi.org/10.1007/978-3-319-39955-3_33
Mary Lou Maher, Lina Lee, John S. Gero, Rongrong Yu, and Timothy Clausner.
2017. Characterizing Tangible Interaction During a Creative Combination Task.
In Design Computing and Cognition ’16, John. S Gero (Ed.). Springer International
Publishing, Cham, 39–58. https://doi.org/10.1007/978-3-319-44989-0_3
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
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
Sarnoff Mednick. 1962. The associative basis of the creative process. Psychological review 69, 3 (1962), 220. https://doi.org/10.1037/h0048850
Alexandros Merkouris and Konstantinos Chorianopoulos. 2015. Introducing
Computer Programming to Children through Robotic and Wearable Devices.
In Proceedings of the Workshop in Primary and Secondary Computing Education
(London, United Kingdom) (WiPSCE ’15). Association for Computing Machinery,
New York, NY, USA, 69–72. https://doi.org/10.1145/2818314.2818342
Maria Montessori. 1912. The Montessori Method. New York: Frederick Stokes
Co.
Michael D. Mumford. 2003. Where Have We Been, Where Are We Going?
Taking Stock in Creativity Research. Creativity Research Journal 15, 2-3 (2003),
107–120. https://doi.org/10.1080/10400419.2003.9651403
Tatiana de Cassia Nakano and Solange Muglia Wechsler. 2018. Creativity and
innovation: Skills for the 21st Century. Estudos de Psicologia (Campinas) 35, 3
(2018), 237–246. https://doi.org/10.1590/1982-02752018000300002
Tom Neutens and Francis wyffels. 2016. Teacher Professional Development
through a Physical Computing Workshop. In Proceedings of the 11th Workshop in
Primary and Secondary Computing Education (Münster, Germany) (WiPSCE ’16).
Association for Computing Machinery, New York, NY, USA, 108–109. https:
//doi.org/10.1145/2978249.2978270
Nora S Newcombe, David H Uttal, and Megan Sauter. 2013. Spatial development.
(2013). https://doi.org/10.1093/oxfordhb/9780199958450.013.0020
Eslam Nofal, Georgia Panagiotidou, Rabee M. Reffat, Hendrik Hameeuw, Vanessa
Boschloos, and Andrew Vande Moere. 2020. Situated Tangible Gamification of
Heritage for Supporting Collaborative Learning of Young Museum Visitors. J.
Comput. Cult. Herit. 13, 1, Article 3 (Feb. 2020), 24 pages. https://doi.org/10.
1145/3350427
Ikujiro Nonaka and Hirotaka Takeuchi. 1995. The knowledge-creating company:
How Japanese companies create the dynamics of innovation. Oxford university
press.
Don Norman. 2013. The design of everyday things: Revised and expanded edition.
Basic books.
Hyunjoo Oh, Sherry Hsi, Michael Eisenberg, and Mark D. Gross. 2018. Paper
Mechatronics: Present and Future. In Proceedings of the 17th ACM Conference on
Interaction Design and Children (Trondheim, Norway) (IDC ’18). Association for
Computing Machinery, New York, NY, USA, 389–395. https://doi.org/10.1145/
3202185.3202761
Johanna Okerlund, Evan Segreto, Casey Grote, Lauren Westendorf, Anja Scholze,
Romie Littrell, and Orit Shaer. 2016. SynFlo: A Tangible Museum Exhibit for
Exploring Bio-Design. In Proceedings of the TEI ’16: Tenth International Conference
on Tangible, Embedded, and Embodied Interaction (Eindhoven, Netherlands)
(TEI ’16). Association for Computing Machinery, New York, NY, USA, 141–149.
https://doi.org/10.1145/2839462.2839488

C&C ’21, June 22–23, 2021, Venice, Italy

[95] Claire O’Malley and Danae Stanton Fraser. 2004. Literature Review in Learning
with Tangible Technologies. https://telearn.archives-ouvertes.fr/hal-00190328
A NESTA Futurelab Research report - report 12.
[96] George Palaigeorgiou and Christos Pouloulis. 2018. Orchestrating tangible
music interfaces for in-classroom music learning through a fairy tale: The case
of ImproviSchool. Education and Information Technologies 23, 1 (2018), 373–392.
https://doi.org/10.1007/s10639-017-9608-z
[97] Weiguo Pang. 2015. Promoting creativity in the classroom: A generative view.
Psychology of Aesthetics, Creativity, and the Arts 9, 2 (2015), 122. https://doi.org/
10.1037/aca0000009
[98] Alisha Panjwani. 2017. Constructing Meaning: Designing Powerful StoryMaking Explorations for Children to Express with Tangible Computational
Media. In Proceedings of the 2017 Conference on Interaction Design and Children
(Stanford, California, USA) (IDC ’17). Association for Computing Machinery,
New York, NY, USA, 358–364. https://doi.org/10.1145/3078072.3079723
[99] Mildred B Parten. 1932. Social participation among pre-school children. The
Journal of Abnormal and Social Psychology 27, 3 (1932), 243. https://doi.org/10.
1037/h0074524
[100] Jean Piaget. 1997. The moral judgement of the child. Simon and Schuster.
[101] Kati Pitkänen, Megumi Iwata, and Jari Laru. 2019. Supporting Fab Lab Facilitators to Develop Pedagogical Practices to Improve Learning in Digital Fabrication
Activities. In Proceedings of the FabLearn Europe 2019 Conference (Oulu, Finland)
(FabLearn Europe ’19). Association for Computing Machinery, New York, NY,
USA, Article 6, 9 pages. https://doi.org/10.1145/3335055.3335061
[102] Mareen Przybylla and Ralf Romeike. 2017. The Nature of Physical Computing
in Schools: Findings from Three Years of Practical Experience. In Proceedings of
the 17th Koli Calling International Conference on Computing Education Research
(Koli, Finland) (Koli Calling ’17). Association for Computing Machinery, New
York, NY, USA, 98–107. https://doi.org/10.1145/3141880.3141889
[103] Mitchel Resnick and Brian Silverman. 2005. Some Reflections on Designing
Construction Kits for Kids. In Proceedings of the 2005 Conference on Interaction
Design and Children (Boulder, Colorado) (IDC ’05). Association for Computing
Machinery, New York, NY, USA, 117–122. https://doi.org/10.1145/1109540.
1109556
[104] Chris Rogers and Merredith Portsmore. 2004. Bringing engineering to elementary school. Journal of STEM Education: innovations and research 5, 3 (2004).
[105] Wolff-Michael Roth. 1996. Art and Artifact of Children’s Designing: A Situated
Cognition Perspective. Journal of the Learning Sciences 5, 2 (1996), 129–166.
https://doi.org/10.1207/s15327809jls0502_2
[106] Mark A Runco. 1999. Tension, adaptability, and creativity. Affect, creative
experience, and psychological adjustment (1999), 165–194.
[107] Kimiko Ryokai, Stefan Marti, and Hiroshi Ishii. 2004. I/O Brush: Drawing with
Everyday Objects as Ink. In Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems (Vienna, Austria) (CHI ’04). Association for Computing Machinery, New York, NY, USA, 303–310. https://doi.org/10.1145/985692.
985731
[108] Alpay Sabuncuoglu. 2020. Tangible Music Programming Blocks for Visually
Impaired Children. 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, 423–429. https:
//doi.org/10.1145/3374920.3374939
[109] Alpay Sabuncuoğlu, Merve Erkaya, Oğuz Turan Buruk, and Tilbe Göksun. 2018.
Code Notes: Designing a Low-Cost Tangible Coding Tool for/with Children.
In Proceedings of the 17th ACM Conference on Interaction Design and Children
(Trondheim, Norway) (IDC ’18). Association for Computing Machinery, New
York, NY, USA, 644–649. https://doi.org/10.1145/3202185.3210791
[110] Gavriel Salomon, Tamar Globerson, and Eva Guterman. 1989. The computer as
a zone of proximal development: Internalizing reading-related metacognitions
from a Reading Partner. Journal of educational psychology 81, 4 (1989), 620.
https://doi.org/10.1037/0022-0663.81.4.620
[111] Theodosios Sapounidis, Stavros Demetriadis, and Ioannis Stamelos. 2015. Evaluating Children Performance with Graphical and Tangible Robot Programming Tools. Personal Ubiquitous Comput. 19, 1 (Jan. 2015), 225–237. https:
//doi.org/10.1007/s00779-014-0774-3
[112] Julie Sarama and Douglas H Clements. 2009. “Concrete” computer manipulatives
in mathematics education. Child Development Perspectives 3, 3 (2009), 145–150.
https://doi.org/10.1111/j.1750-8606.2009.00095.x
[113] Mahender Reddy Sarsani. 2008. Do High and Low Creative Children Differ
in Their Cognition and Motivation? Creativity Research Journal 20, 2 (2008),
155–170. https://doi.org/10.1080/10400410802059861
[114] Robert Keith Sawyer, Vera John-Steiner, Mihaly Csikszentmihalyi, Seana Moran,
David Henry Feldman, Howard Gardner, Robert J Sternberg, Jeanne Nakamura,
et al. 2003. Creativity and development. Oxford University Press. https://doi.
org/10.1093/acprof:oso/9780195149005.001.0001
[115] Lori Scarlatos. 2002. An application of tangible interfaces in collaborative
learning environments. (01 2002), 125–126. https://doi.org/10.1145/1242073.
1242141

C&C ’21, June 22–23, 2021, Venice, Italy

[116] Sue Sentance, Jane Waite, Steve Hodges, Emily MacLeod, and Lucy Yeomans.
2017. "Creating Cool Stuff": Pupils’ Experience of the BBC Micro:Bit. In Proceedings of the 2017 ACM SIGCSE Technical Symposium on Computer Science Education
(Seattle, Washington, USA) (SIGCSE ’17). Association for Computing Machinery,
New York, NY, USA, 531–536. https://doi.org/10.1145/3017680.3017749
[117] Ben Shneiderman. 2007. Creativity Support Tools: Accelerating Discovery and
Innovation. Commun. ACM 50, 12 (Dec. 2007), 20–32. https://doi.org/10.1145/
1323688.1323689
[118] Arash Soleimani, Keith Evan Green, Danielle Herro, and Ian D. Walker. 2016.
A Tangible, Story-Construction Process Employing Spatial, ComputationalThinking. In Proceedings of the The 15th International Conference on Interaction
Design and Children (Manchester, United Kingdom) (IDC ’16). Association for
Computing Machinery, New York, NY, USA, 157–166. https://doi.org/10.1145/
2930674.2930703
[119] Keyur Sorathia and Rocco Servidio. 2012. Learning and experience: teaching
tangible interaction & edutainment. Procedia-Social and Behavioral Sciences 64
(2012), 265–274. https://doi.org/10.1016/j.sbspro.2012.11.031
[120] Kurt Squire. 2007. Open-ended video games: A model for developing learning
for the interactive age. MacArthur Foundation Digital Media and Learning
Initiative.
[121] Robert J Sternberg and Wendy Melissa Williams. 1996. How to develop student
creativity. ASCD.
[122] 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 (2015), 293–319. https://doi.org/10.1007/s10798-0149287-7
[123] Amanda Strawhacker, Clarissa Verish, Orit Shaer, and Marina Umaschi Bers.
2020. Designing with Genes in Early Childhood: An exploratory user study
of the tangible CRISPEE technology. International Journal of Child-Computer
Interaction 26 (2020), 100212. https://doi.org/10.1016/j.ijcci.2020.100212
[124] Amanda Sullivan and Marina Umaschi Bers. 2018. Dancing robots: integrating
art, music, and robotics in Singapore’s early childhood centers. International
Journal of Technology and Design Education 28, 2 (2018), 325–346. https://doi.
org/10.1007/s10798-017-9397-0
[125] Paula Te. 2015. TADCAD: A Tangible and Gestural 3D Modeling & Printing Platform for Building Creativity. In Proceedings of the 14th International
Conference on Interaction Design and Children (Boston, Massachusetts) (IDC
’15). Association for Computing Machinery, New York, NY, USA, 406–409.
https://doi.org/10.1145/2771839.2771865
[126] Amal Tidjani, Eileen Cho, and Priscilla Lee. 2016. MuSme: A Tangible Skin Suit
for Music Creation. Association for Computing Machinery, New York, NY, USA,
743–748. https://doi.org/10.1145/2839462.2872960
[127] E. PAUL TORRANCE. 1972. Can We Teach Children To Think Creatively?*. The
Journal of Creative Behavior 6, 2 (1972), 114–143. https://doi.org/10.1002/j.21626057.1972.tb00923.x
[128] Iliana Triantafyllidou, Athina-Maria Chatzitsakiroglou, Stergiani Georgiadou,
and George Palaigeorgiou. 2018. FingerTrips on Tangible Augmented 3D Maps
for Learning History. In Interactive Mobile Communication Technologies and
Learning, Michael E. Auer and Thrasyvoulos Tsiatsos (Eds.). Springer International Publishing, Cham, 465–476. https://doi.org/10.1007/978-3-319-751757_46
[129] Guy Tsafnat, Paul Glasziou, Miew Keen Choong, Adam Dunn, Filippo Galgani,
and Enrico Coiera. 2014. Systematic review automation technologies. Systematic
reviews 3, 1 (2014), 74. https://doi.org/10.1186/2046-4053-3-74
[130] Klaus K. Urban. 1991. On the development of creativity in children. Creativity Research Journal 4, 2 (1991), 177–191. https://doi.org/10.1080/10400419109534384

Meng Liang, Yanhong Li, Thomas Weber, and Heinrich Hußmann

[131] Lisbeth Uribe and Amy Eguchi. 2015. 4th Graders creating robots with sensors.
In 2015 IEEE Integrated STEM Education Conference. 126–128. https://doi.org/10.
1109/ISECon.2015.7119904
[132] Andrea Valente and Emanuela Marchetti. 2015. Make and Play: Card Games as
Tangible and Playable Knowledge Representation Boundary Objects. In 2015
IEEE 15th International Conference on Advanced Learning Technologies. 137–141.
https://doi.org/10.1109/ICALT.2015.31
[133] Hanneke Hooft van Huysduynen, Linda de Valk, and Tilde Bekker. 2016. Tangible Play Objects: Influence of Different Combinations of Feedback Modalities. In Proceedings of the TEI ’16: Tenth International Conference on Tangible,
Embedded, and Embodied Interaction (Eindhoven, Netherlands) (TEI ’16). Association for Computing Machinery, New York, NY, USA, 262–270. https:
//doi.org/10.1145/2839462.2839492
[134] Richard Voase. 2002. Rediscovering the imagination: investigating active
and passive visitor experience in the 21st century. International Journal
of Tourism Research 4, 5 (2002), 391–399.
https://doi.org/10.1002/jtr.390
arXiv:https://onlinelibrary.wiley.com/doi/pdf/10.1002/jtr.390
[135] LEV SEMENOVICH VYGOTSKY. 2004. Imagination and Creativity in Childhood.
Journal of Russian & East European Psychology 42, 1 (2004), 7–97. https://doi.
org/10.1080/10610405.2004.11059210
[136] Torben Wallbaum, Swamy Ananthanarayan, Shadan Sadeghian Borojeni, Wilko
Heuten, and Susanne Boll. 2017. Towards a Tangible Storytelling Kit for Exploring Emotions with Children. In Proceedings of the on Thematic Workshops
of ACM Multimedia 2017 (Mountain View, California, USA) (Thematic Workshops ’17). Association for Computing Machinery, New York, NY, USA, 10–16.
https://doi.org/10.1145/3126686.3126702
[137] Torben Wallbaum, Swamy Ananthanarayan, Shadan Sadeghian Borojeni, Wilko
Heuten, and Susanne Boll. 2017. Towards a Tangible Storytelling Kit for Exploring Emotions with Children. In Proceedings of the on Thematic Workshops
of ACM Multimedia 2017 (Mountain View, California, USA) (Thematic Workshops ’17). Association for Computing Machinery, New York, NY, USA, 10–16.
https://doi.org/10.1145/3126686.3126702
[138] Mark Weiser. 1999. The Computer for the 21st Century. SIGMOBILE Mob.
Comput. Commun. Rev. 3, 3 (July 1999), 3–11. https://doi.org/10.1145/329124.
329126
[139] Peta Wyeth and Helen C. Purchase. 2002. Tangible Programming Elements for
Young Children. In CHI ’02 Extended Abstracts on Human Factors in Computing
Systems (Minneapolis, Minnesota, USA) (CHI EA ’02). Association for Computing
Machinery, New York, NY, USA, 774–775. https://doi.org/10.1145/506443.506591
[140] Diana Xu. 2005. Tangible User Interface for Children - An Overview. In in
Proceedings of the SIXTH Conference in the Department of Computing. 579–584.
[141] Chulin Yang and Stephen Jia Wang. 2016. Sandtime: A Tangible Interaction
Featured Gaming Installation to Encourage Social Interaction Among Children.
In Interactivity, Game Creation, Design, Learning, and Innovation. Springer, 137–
144. https://doi.org/10.1007/978-3-319-55834-9_16
[142] Varpu Yrjönsuuri, Kaiju Kangas, Kai Hakkarainen, and Pirita SeitamaaHakkarainen. 2019. The roles of material prototyping in collaborative design process at an elementary school. Design and Technology Education: an International
Journal 24, 2 (2019), 141–162. https://ojs.lboro.ac.uk/DATE/article/view/2585
[143] Victor Zappi and Andrew P McPherson. 2014. Dimensionality and Appropriation
in Digital Musical Instrument Design.. In NIME, Vol. 14. 455–460. https://doi.
org/10.1.1.1089.4497
[144] Oren Zuckerman, Saeed Arida, and Mitchel Resnick. 2005. Extending Tangible
Interfaces for Education: Digital Montessori-Inspired Manipulatives. CHI 2005:
Technology, Safety, Community: Conference Proceedings - Conference on Human
Factors in Computing Systems. https://doi.org/10.1145/1054972.1055093

Tangible Interaction for Children’s Creative Learning: A Review

A

C&C ’21, June 22–23, 2021, Venice, Italy
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