
 

C. Stephanidis and M. Antona (Eds.): UAHCI/HCII 2014, Part II, LNCS 8514, pp. 233–244, 2014. 
© Springer International Publishing Switzerland 2014 

Medium for Children’s Creativity:  
A Case Study of Artifact’s Influence 

Nanna Borum, Kasper Kristensen,  
Eva Petersson Brooks, and Anthony Lewis Brooks 

Department for Architecture, Design and Media Technology, Aalborg University, Denmark 
(nb,ep,tb)@create.aau.dk, 

kkrist87@gmail.com 

Abstract. This paper reports on an exploratory study that investigates 16 ele-
mentary school children’s interaction with two different mediums for creativity, 
LEGO® bricks and paper collages, drawing on the previous creativity assess-
ment test carried out by Amabile [1]. The study is based in a playful learning 
theoretical framework that is reflected in the means for analyzing the video ma-
terial inspired by Price, Rogers, Scaife, Stanton and Neale [2]. The findings 
showed that the children explored the two mediums to the same degree, but that 
they were more structured in their planning and division on labor when working 
with LEGO bricks. It was also evident that the children assigned preconceived 
affordances to the two mediums. The results from this study should feed into to 
a technology enhanced playful learning environment and these are the initial 
steps in the design process. 

Keywords: Creativity, Playful Learning, Play, Artifacts, Technology Enhanced 
Learning. 

1 Introduction 

Children are increasingly relying on interactive technology for learning and such 
technologies were believed to revolutionize learning. Schools have however in gener-
al, remained to a traditional instructional model of the teacher, written material and 
the textbook as primary sources of knowledge primarily conveyed through lecturing, 
discussion and reading. In line with this, the current development of intuitive technol-
ogies has enabled children to interact with contemporary technology as the most natu-
ral act in the world. This widespread “digital adoption” offers new opportunities for 
playful learning, which can be individual, together with parents, or in supervised peer-
groups, and embedded education potentials to foster development of creative and 
innovative competencies. 

Creativity has become a vital and highly valued aspect of science, technology, edu-
cation, as well as everyday life by the end of the 20th century due to economic, social 
as well as technological drivers [3]. While there have been great expectations about 
the use of interactive technology to support learning and creativity in educational [4] 
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as well as professional settings [5], the creative and multimodal workflow of children 
provides a major obstacle to current use of technology-based systems and resources. 
Yet, while being an inherently knowledge-based process, creativity from this perspec-
tive is more than mere information processing but a direct involvement with artifacts 
aimed at transformation. 

In this way, creativity links to play and, in particular, to the way the play activity is 
perceived by the player [6]. Accordingly, children’s tendency towards play, or play-
fulness, has been linked to creative thinking skills [8], [9]. In line with Howard et al. 
[7], this paper suggests a distinction between the act of play and the sense of playful-
ness, which implies that the experience of playfulness is applicable to play as well as 
work. It is this sense of playfulness that can contribute to creativity, particularly in an 
educational context. “Whilst certain activities may appear more play-like, we can 
never be sure whether the individual is feeling playful.” ([7] p. 5). If playfulness in 
this way constitutes an internal state that a child brings to an activity, it is important to 
understand the influence of the context and the way objects may foster playfulness. 
Price, Rogers, Scaife, Stanton and Neale [2] have defined a range of elements that  
are essential for playful learning, e.g. exploration through interaction, engagement, 
reflection, imagination, creativity and thinking at different levels of abstraction, and  
collaboration. These elements can be related to how children in their everyday life 
naturally, and often playfully, explore the world [10],[11]. It is envisioned that such 
playful explorations, based on children’s own interests and desires, elicit creativity 
through their involvement with the world. 

Building on this and on recent work in the field of creativity (e.g. [5], [12], [13], 
[14]), this study starts from a notion of creativity as a materially mediated practice. In 
line with this perspective, the focus is on the particular qualities of such practices rather 
than on particular methods or techniques. Hence, this paper addresses the question of 
how artifacts can evoke creativity and how this might afford a material linking between 
playful learning and creativity. In particular, this study examines how creativity turns 
into playful and productive activities through actual manipulation of two types of me-
dium: Paper collage and LEGO®. In line with van Leeuwen [15] this approach includes 
an explorative investigation of how a specific medium is used and how the children talk 
about them, justify them, and critique them. In addition and based on this investigation, 
our intention is to discover and design a new digital playful learning medium fostering 
creativity in educational settings. This study focuses on the first step, which is to say 
how a specific medium is used, talked about and negotiated and how this gives input to 
the initial conceptual framework and design requirements. 

2 Related Work 

In this paper, we investigate the potential link between play and creativity suggested 
by a range of researchers ([16], [9]) and more specifically the potential link between 
perceived level of mastery of a medium and how it affects the level of creativity in a 
given task [2]. This build on a pragmatist notion of action (and interaction) as devel-
oped by Dewey [17] and offers an understanding of creativity as an emergent, situated 
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and reciprocal process comprising action and reflection as well as an interplay be-
tween the subject and the environment [18]. The pragmatist notion also shares basic 
premises with play theories. For example, play is commonly used as a motivator in 
learning situations where the adding of play elements to an activity targets an in-
creased situational engagement and, thereby, motivation to participate in the specific 
activity [19]. This is in line with Chally [20] who states that such an engagement en-
hances self-agency through creative and playful assignments. Furthermore, Wood 
[21] underlines that play activities create affordance for learning. This is in line with 
what Resnick [22] describes as playful learning; situations where play is fully inte-
grated in the learning activity and, consequently, an integral part of the learning expe-
rience. Still, though, many schools approach playful learning activities with resistance 
and skepticism considering them as ‘just play’ [22]. 

Bringing a playful learning perspective to creativity, involve that actions, objects 
as well as events must be understood in the context of the situation of which they are 
involved. In this regard, Dewey [23] emphasizes the notion of inquiry, acknowledged 
as a mode of action. This resonates with Beardon, Ehn & Malmborg ([24] p. 503) 
who argue that creativity constitutes a mode of interaction with the world rather than 
being a property of a person, process, product, or environment. Sullivan [25] states 
that play is an important mode of inquiry when the learning targets creativity. Howard 
et al.[6] and Broadhead and Burt [26] emphasize that a child initiated environment 
and its possibilities promotes less separation of play and learning resulting in playful 
learning. Petersson and Brooks [27] describe how toys contributed to an increased 
motivation to learn and had a potential to aid learning in a playful way; this perspec-
tive has substantial implications for the classroom habitus [28]. In line with this, we 
investigate how media in the form of LEGO® and paper collage, might elicit creativi-
ty through exploration and mastery. In doing so, we further the related work on crea-
tivity, play, and learning by emphasizing that playfulness in learning situations are not 
only connected to individual interests and desires, but also to the material affordances 
involved in such situations. In this sense, the affordances refer to the potential uses of 
a given medium, based on the perceivable features of this medium [29] and how these 
affordances are actualized in concrete social practices [15]. 

Conceptualizing creativity as a playful learning practice entails, among others, the 
following propositions: 

• Creativity and playful learning is mediated by artifacts and results in a transforma-
tion of the physical world. Artifacts provide essential resources for agents to com-
municate, store, catalyze, evaluate and reflect on ideas while trying to overcome 
the indeterminate situation. Artifacts, from this perspective, are not mere carriers of 
information, but enable and constrain an actor’s moves ([27], [18]). 

• Creativity and playful learning goes along with the generation of new knowledge. 
As creative practices attempt to act upon a hitherto undetermined situation, the 
outcomes of this attempt necessarily add to the actors’ body of knowledge either in 
that assumptions about the situation are contested or supported. Creative practice 
hence can be understood as a form of inquiry ([23], [30], [25]). 
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The focus of this study, how media creatively can be used in playful learning situa-
tions, hence is based on the assumption that in these situations are deliberately culti-
vated. This knowledge creates a basis for the design of a new digital playful learning 
medium fostering creativity in educational settings. 

The aim of playful learning is to allow children to learn and apply learned know-
ledge to playful situations. Thus by applying and constructing new knowledge itera-
tively in play the child, in line with Gee [31], attains a deep practical knowledge of 
the subject at hand. 

3 Method 

The exploratory study took place in a private Danish elementary school (16 children, 
11 boys, 5 girls, age 10-11 years) and it was carried out during a Danish class with the 
teacher of the class present in the room. It consisted of two sessions a) a collage test, 
and b) a LEGO®-building test. In each session, 20 minutes each, the 16 children were 
divided into 4 groups with 4 children in each. 2 groups were to work together and 2 
groups worked individually. All groups had the same introduction to the activities on 
the day. They were instructed that they should have fun and be as creative as possible, 
and that they should try to produce something really silly and something that would 
be for the researchers to keep. In line with Amabile [1], the intention with silliness 
was to establish a fairly high baseline for creativity and also in an effort to reduce 
extraneous variables in the children’s choice of theme.  

In the collage test each table was provided with approx. 500 pieces of paper of dif-
ferent shapes and sizes that they were instructed to share, and also to be nice to each 
other and not hoard any specific piece or color of paper. In the LEGO-building test, 
the procedure was similar. Each table was provided with approx. 1600 pieces of 
LEGO of different size and shapes and again instructed to share as in the collage ses-
sion. The children immediately started to investigate the materials, playing with them, 
touching them and talking about them. In general the children expressed a high level 
of interest in the materials. The sessions were video recorded with 5 cameras in total, 
having one camera at each table and one camera filming the whole scene. 

After each session the children were asked to fill out 13 questions that were read 
aloud enabling them to ask questions on the wording to ensure understanding. The 
questions were partially from Amabile [32], [1], and Conti et al. [33] since no full 
questionnaire from Amabile [1] was accessible. Questions covered areas on intrinsic 
and extrinsic motivation, and their joy of the medium and had wordings such as “Was 
the activity more like play than work?”, “Were you motivated more by your own 
interest in the collage/ LEGO or the instructions from the experimenter?”, and “How 
much did you want to make a design that was better than the other kids’ designs?”. 

3.1 Data Treatment 

As a means to investigate the children’s interactions with the artifacts and with each 
other an ‘Interaction Analysis’ of the video material was carried out [34]. The data 
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was transcribed, coded and analyzed by two researchers independently. The analysis 
focused on 5 topics related to playful learning developed by Price et al. [2]: (a) Explo-
ration through interaction, (b) engagement, (c) reflection, (d) imagination, creativity 
and thinking at different levels of abstraction, and (e) collaboration, discussed below. 

Still images of the creative contributions of the children were uploaded to an online 
questionnaire that was distributed to a group of experienced artists to assess the level 
of creativity through 16 artistic dimensions in accordance with Amabile [32] such as 
expression of meaning, degree of representationalism, and silliness. The results from 
the assessments together with the self-report data from the tests were examined to 
search for emerging trends and patterns. The results from this analysis will be pre-
sented in the findings when relevant. 

4 Findings and Discussion 

The findings from the data treatment, shows distinct differences between the creative 
products made from each artifacts as well as differences in the process of making 
them. The individual findings are discussed in the next sessions. The names of the 
participating children are anonymized for ethical reasons. 

4.1 Exploration through Interaction 

The two artifacts used for the sessions were familiar to all participants, as such there 
was not much basic functionality for the participants to discover and interpret, leaving 
room for more playful interaction. 

Brooks and Petersson [35] make a distinction between exploration and play. Where 
exploration gave way to play the emphasis changes from the question of “what does 
this object do?” to “what can I do with this object?”. Both mediums allowed for in-
stances of peer learning. In the LEGO® session the children would instruct each other 
building patterns as exemplified: 

─ GL: Do it like this, build in this pattern, then it will hold better. 
─ BE: Can I see how you do it? 

The two artifacts facilitated the assignment in different ways, each evidently pushing 
towards certain themes, of which the children chose to pursue. In the paper collage 
sessions all but one participant chose to create representations of creatures (often 
people) with a hint of fairytale such as a pirate or a strong man. This is interestingly 
compared to the LEGO session where the most common theme was houses, which 
half of all participants decided to do, and that all but one of the participants chose to 
create inanimate objects. One individual choose to create a human face that he how-
ever stated to be a mask and not a human (see figure 1). 

As such each artifact seems to come with a preconceived framework of possibili-
ties that are available within that medium. This could be a result of the perceived 
qualities of each artifact. LEGO bricks do not allow soft curves, and seemed asso-
ciated with masonry, architecture and defined structures.  
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─ TO: Can we tear them apart, we have tools for it (raises his hands in the air) 
─ AN: We tear a bunch of small ones. 
─ TO: They should be yellow so that they look like teeth. 

Interestingly the children had strong opinion about LEGO; how good they were, and 
if they liked it. In the paper collage such opinion were absent. Also for the paper col-
lage session there was a greater focus on detail; which shape to use for what, whereas 
in the LEGO session focus was on the look of the finished construction. 

4.3 Imagination and Creativity 

Each of the participants’ concepts of creativity was most evident at the start of each 
collaboratory session. This was where participants had short conversations related to 
what they should create together. In these discussions the children often argued 
against the ideas that they did not consider creative: 

─ SA: We could build a bridge? 
─ VI: We could build a bridge! 
─ AU: Build a bridge, yes!. 
─ LA: No, it needs to be something new. 
─ VI: we could build a statue? 
─ LA: It should be something new! 
─ VI: A statue, a big beautiful statue. 
─ LA: That’s not new. 
─ SA: A statue is actually a really good idea, we just need to put lots of stuff on it. 

Here we see the children trying to align their concepts of a creative contribution, us-
ing the idea of newness as their primary criteria, and arguing that more detail is what 
makes a concept new. 

The artists rated the collaboratory groups higher than their individual counterparts 
at average. Interestingly, the LEGO® session scored higher compared to the paper 
collage in the collaboratory groups, but the relationship was reversed for the individu-
al groups. From the collaboratory LEGO sessions, where both groups made a house, it 
was apparent that the participants came to the decision through a compromise. They 
were however, able construct something unique, due to the fact that they were more 
people. This was not the case for the individual LEGO participants, who most often 
only had time for a basic construction. This could explain the difference between the 
individual LEGO group and collage paper. Collage paper is not as time intensive to 
use as LEGO bricks, allowing for multiple iterations and added detail. 

4.4 Excitement 

In line with Price et al. [2] excitement was assessed on the children’s’ verbal accounts 
on their expressed involvement and participation desire. In both the LEGO® session 
and the paper collage sessions the children generally showed interest in the tasks and 
were enthusiastic towards the medium. In the LEGO task one or two children at each 
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table expressed that they did not how to build with LEGO or that they did not feel 
skilled in building with LEGO bricks and their overall enthusiasm towards the task 
seemed to reflect this feeling, they would spend longer time on deciding a motive and 
would verbalize more negatively about their construction in process. It should be 
noted that this did not reflect in their self-report data on motivation afterwards. In the 
paper collage session the children did not have any similar statements regarding their 
skills. The children seemed to consider each other equally skilled in constructing with 
paper, and throughout the session they had positive exclamations towards both own 
work and the work of others e.g.: 

─ TO: It needs a jaw. 
─ ST: These will work. (ST hands TO a pile of triangularly shaped cut outs 
─ ST: Wow, this actually looks really good 
─ AN: It does not only look good, it looks superpower cool.. 

4.5 Collaboration 

The focus when analyzing for collaboration between the children was on sharing of 
artifacts, the children’s skills in receiving and giving instructions; their skills in turn 
taking and sharing roles, their skills in encouraging each other, and on their ability to 
scaffold on other children’s’ ideas. 

In the LEGO® session there was generally more communication between the 
children. They discussed what to build and elaborated on each other’s ideas and gave 
space to all having a say in the ideation process. In both sessions it however gave rise 
to a level of autonomy in the group members whose ideas were voted down. In some 
cases they constructed models that reflected bits of their own idea and in other cases 
they stayed out of the construction for a period of time as to show their disapproval. 
The other children seemed to accept the behavior and tried to encourage the disgrun-
tled child by including him/her in specific tasks or including his/her construction in 
the shared construction. This is exemplified below: 

(After LA have worked alone silently for a while): 

─ LA: I ‘ve made a thing. 
─ VI: We could really use that in our house (places it in their shared construction). It 

could be a small bookshelf. 
─ LA smiles: I don’t even know what it was supposed to be. 
─ VI: It looks like a bookshelf. Could you build some more interiors for the house? 
─ LA: smiles and starts finding more LEGO bricks. 

In the building process the LEGO bricks allowed the children to construct in a  
parallel fashion, which means that often they built next to each other and then com-
bined the different sections in the end. The children communicated on their design 
decisions along the way but seemed to feel ownership of the specific section and 
sought encouragement at each other but did not necessarily follow the instructions 
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children had a more open posture and they were working with the LEGO bricks in 
front of them. It seemed that the lesser degree of communication affected the level of 
collaboration between the children. 

5 Conclusion 

In the paper collage it was apparent the children made the creative contribution they 
immediately wanted to create, with little to no consideration of their own ability to carry 
out the work. As a result of these immediate decisions the most common depicted theme 
were characters, such as people and animals as opposed to constructions or landscapes. 
It was evident that the participants were more challenged in the LEGO® session. They 
were more constrained in their creativity, and for the collaboratory groups had a strong 
need for a coherent goal, and to delegate the tasks efficiently in order to finish within the 
assigned time. As a result there was generally more communication between partici-
pants in the LEGO sessions. In the collaboratory groups the participants in the LEGO 
session were observed to change their theme during construction. In both cases they 
went from a character design to a building, as such it is likely that if the children had 
been better supplied with a diverse allotment of bricks in the LEGO session, they would 
likely have preferred more animated designs. 

In relation to the proposition that the perceived level of mastery with a media af-
fects the creative process [2], the participants needs to be aware of what an artifact is 
able to do, before realizing what they are personally able to accomplish with the arti-
fact [35]. The subjective judgments by the two experienced artists showed a decrease 
in creativity when the participants worked alone using LEGO compared to the group 
working alone using paper collage. This paired with the finding that the collaboratory 
LEGO groups changed their goal as a result of their own lacking mastery, suggesting 
that the individual participants had similar difficulty, and as a result defaulted to an 
output they felt able within, in this case creating houses. Interestingly the collaborato-
ry LEGO groups scored relatively higher than their paper collage counterparts while 
still adapting their design to a house. This could indicate the participants were able to 
come up with a even better idea as a result of the initial challenge, or that LEGO be-
ing more time consuming simply benefits more from the extra hands present in the 
collaboratory groups.  

In sum, the paper collage sessions showed more playful behavior. There was less 
dissent, and critical discussion between participants, but also less communication 
overall. The participants in the LEGO session were more critical in their decision-
making, but shared the work more efficiently between them, which resulted in more 
communication. 
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