
  

Designing Tangible Interfaces for 
Children’s Collaboration  
 
 
 Abstract 

This paper presents the development of a design 
concept for an interactive play system and learning tool 
for children. The concept was illustrated with Ely the 
Explorer, an accessible and robust multi-user unit, set 
of tangible tools, and software application, designed for 
the school environment.  
 
This work examines the design of interfaces for co-
present collaboration from an interaction design 
perspective. This paper also presents results from the 
concept evaluation in a school environment. The results 
showed that the system supported collaboration and 
interactivity and that the children enjoyed, and were 
engaged in the play. This indicates to us that the 
concept can make a positive contribution to the existing 
array of learning tools. 
 
Categories & Subject Descriptors 
K.3.1 [Computers and Education]: Computer Uses in 
Education – collaborative learning 
H.5.3 [Information Interfaces and Presentation]: 
Group and Organization Interfaces – collaborative 
computing, synchronous interaction  
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Project statement 
The overall aim of this project was to present a design 
approach for the development and implementation of 
user interfaces for co-present collaboration. This project 
was developed in two stages: Stage 1 included the 
initial research and design proposal. Stage 2 aimed at 
testing the results from stage 1. This was carried out 
using an iterative design process. 
 
Project goals 
The research problems were approached from two 
perspectives. Firstly, this project studies the design 
implications of developing user interfaces to support 
co-present computer supported collaboration. 
Specifically, the project goal involved exploring the 
potential of electronically augmented toys as tools to 
support children’s innate collaborative interactions. We 
intended to provide examples of tangible interfaces that 
could encourage social interaction and increase 
engagement and usability. Secondly, this project deals 
with the design of play material aimed at allowing 
children to explore different cultures.  
During the initial research it was found that co-present 
collaboration was a key element for learning and few 
interactive products were found that addressed this 
issue. This finding directed the project into the search 
for novel interfaces for collaborative learning.  
 

Project participants 
Stage 1 was carried out by Industrial Designer Diana 
Africano as a Master’s thesis in Interaction Design at 
the Umeå Institute of Design. Stage 2 was carried out 
by a multi-disciplinary team at the Interaction Design 
Lab at Umeå Institute of Design, Umeå University. 
Research coordination: Alistair Regan and Mike Stott. 
Project lead: Diana Africano. 
Industrial and Interaction designers: Diana Africano, 
Sara Berg, Staffan Eriksson and Kent Lindbergh. 
Programmer: Peter Lundholm.  
Computer engineer: Fredrik Nilbrink. 
2. Collaborating students at Umeå University 
Sara Mirdal, Jenny Nordh and Anna Persson.  
 
Project dates and duration 
Stage 1: Jan-May 2002; Stage 2: Feb-Dec 2003 
 
Challenge 
We found two main challenges during the development 
of this project. Firstly, the challenge involved in 
designing information technologies for young children, 
in terms of understanding the design requirements of 
interfaces and interaction modalities to suit their limited 
reading abilities and motor skills. Secondly, the 
challenge of the constraints of current technology and 
the cost limitations involved when designing products 
for the school environment. According to our project 
brief, we worked with a two-to-five year technological 
perspective. The technology had to be relatively 
inexpensive so that parts could be easily replaced if 
damaged or missing; it had to be resistant to rough 
manipulation. We found that with the technology 
available, the design of interfaces for concurrent 
interaction would negatively affect the ease of use for 
the individual user. 



  

Background 
Research problem  
Children communicate and learn through play and 
exploration [26]. Through social interaction and 
imitating one another, children acquire new skills and 
learn to collaborate with others. This is also true when 
children work with computers. Research shows that the 
use of computers can foster social support and 
interaction. Observations on the use of computers in 
classrooms and computer labs, and the use of 
computer and console games, show that children prefer 
working in groups around a single station [5,8,9,23,27]. 
Researchers have discussed the benefits of cooperative 
learning [12,13] and the positive effects of children’s 
interacting with computers in small groups [4]. 
Observational experiments on the use of computers in 
rural India [16,17] suggest that children were able to, 
without previous instruction, reach a basic level of 
computer literacy.  It is implied that a computer 
environment with free access and minimal intervention 
can encourage children to experiment and discuss as a 
group, deriving in a self-instructing process.  
 
However, it can be observed at schools that computers 
are mainly used for individual learning [21]. Also, most 
educational media for children do not support social 
aspects of learning such as context and culture 
[16,17,28]. New media offers limited opportunities for 
creative interaction, turning users into passive 
“content” consumers [28]. Furthermore, conventional 
educational media using screen, mouse and keyboard 
do not support concurrent interaction or multi-user 
activities.  Research shows that this setup limits the 
user’s verbal [23] and physical interaction and can be a 
barrier for learning [3]. As a general rule, children’s 

systems are based on adults’ products [7] which are 
not suited to young users’ skills and requirements.  
 
Media, particularly video and computer games, is 
increasingly becoming a resource for knowledge 
acquisition and socialization among children and 
teenagers. Media content plays an important role in the 
development of children’s cultural practices and play 
behavior [27]. Young children’s play is often related to 
media characters and in the form of role-play, which 
derives in media content conversations as children 
grow up. Süss et al. [27] claim that “media use and 
media content can be used in strengthening peer-
relationships and a sense of group identity”. 
Educational media developed for cooperative work can 
encourage cross-cultural play [12]. 
 
Motivation  
In the past years, several research teams have 
approached these themes and explored alternative 
ways of interaction that facilitate computer-supported 
collaboration between children. These studies include 
work within Computer-Supported Collaborative 
Learning (CSCL) [15], Single Display Groupware (SDG) 
[24] and Tangible User Interfaces (TUI) [11]. However, 
not much of this research has been applied in the 
design of products for children. Few examples in the 
market can be found of interactive educational products 
designed for collaboration or that address the 
relationship between form and interactive collaborative 
play. Most examples of collaborative interaction 
techniques come from the game industry and are 
limited to enhancement with traditional input devices 
(e.g. joysticks and game controllers) of on-screen 
single-user applications [14].  
 



  

Solution 
Method  
Phase 1. Identification of problem areas, initial research, 
process methodology and planning.  
Phase 2. Contextual studies, competitive product and 
market trends survey, target group analysis, user 
studies including educational and safety aspects, 
formulation of the design problem and project goal, 
functionality specification and application scenario.  
Phase 3. Analysis, evaluations and conclusions of the 
research phase.  
Phase 4. Conceptualization, definition of the product’s 
semantic characteristics, ideation, visualization of the 
product concepts with focus on form studies and the 
design of interaction concepts.  
Phase 5. Development of the final design concept, 
preliminary technology assessment, development of 
usage scenarios, low fidelity prototyping evaluation. 
Definition of final form, interaction and graphic aspects, 
product identity, implementation of prototypes. 
Phase 6. Evaluation. Analysis of users’ reactions, 
improvement of the prototype, structured evaluation.  
 
Conclusion from the initial research and user studies 
User studies were carried out at four schools in Sweden 
and the United States. The studies included 
observations in pre-school and first to third grade 
school classrooms and after-school clubs. Children were 
observed while using educational material (both digital 
and non-digital media), playing with different sorts of 
toys, as well as during lessons and group work. The 
studies revealed problems the children experienced 
when interacting with computers and suggested that 
the traditional PC stations used were not suited for 
children’s physical and cognitive ergonomic 
requirements. In the settings observed, the PC was 

placed on top of a traditional working table and a single 
user sat looking at a display that was generally placed 
above their normal line of sight. To be able to 
collaborate, the children would have to take turns to 
use the station; one child would sit by the machine 
controlling the activity while the others stood behind 
watching and trying to get involved in the process. 
Sitting by the station would notably diminish the child’s 
freedom of movement, while standing waiting without 
being able to interact would make participation difficult 
and discourage the use of the system.  
 
These observations lead to a preliminary survey of 
available products and provided data on children’s 
preferences (e.g. appearance, fashion and media). It 
also provided indications on the affordances [18] of a 
variety of children’s artifacts (e.g. a globe, trading 
cards, a hand-puppet, a chair). The observations 
suggested that the affordances of many traditional toys 
provide clear clues about the way they should be 
manipulated. In contrast, generic input tools such as 
mice and keyboards did not provide sufficient clues for 
manipulation. The data collected from the observations 
offered a clear starting point for the project.  
 
Theoretical framework  
Several researchers have explored alternative ways of 
interaction that facilitate computer-supported face-to-
face collaboration. In regard to children, Scott et al. [23] 
have investigated how to support children’s 
collaborative nature by coupling several input devices 
that allow concurrent interactions. Bricker et al. [1] 
have explored the design requirements of co-present 
collaborative educational software. Research on SDG 
has studied how to support co-present collaboration 
around a shared display and by using several input 



  

devices. Our design proposal addresses these issues 
and proposes a new concept for SDG for children.  
 
Content, Interaction and Form 
We explored the concept of tangible interfaces, by 
using the natural affordances of toys and children’s 
artifacts in the creation of digitally augmented objects 
for interaction. We have worked with the creation of 
interaction metaphors that respond to children’s play 
and socialization processes. The physical affordances of 
furniture, such as tables and chairs, have been 
discussed by Streitz et al. [25] leading to the 
development of table-top displays. Our work is inspired 
by these developments and proposes a novel table-top 
display and set of tangible tools for children, designed 
to foster playful exchange and discussion. The design 
process included 2 and 3D visualizations of interaction 
concepts and their application in novel artifacts. 
Through the ideation and prototyping process, we 
explored the relation between interaction and form and 
produced examples of formal expressions of TUI.  
In relation to the design of content, we have been 
influenced by the work of Rode et al. on Curriculum-
Focused Design (CFD) [20], which provides a series of 
recommendations for the successful development of 
technology for classroom use. We have included 
aspects of CFD in our methodology, particularly the 
analysis of the constraints derived from curriculum-
based teaching and the characteristics of the classroom 
environment. 
 
Design Solution  
ELY THE EXPLORER 
We present a design concept for a multi-user 
interactive play system to promote collaborative 
learning. The concept was illustrated with Ely the 

Explorer, an accessible and robust multi-user unit, set 
of tangible tools, and software application, designed for 
the school environment. To promote co-present 
collaboration, the system allows for both independent 
exploration and group interaction, enabling children to 
explore and manipulate content in order to achieve a 
joint outcome. The system allows three children to 
interact with a computer simultaneously. The user 
interface features a tabletop touch screen and a set of 
digitally augmented tools including rotary knobs, a 
radio frequency identification (RFID) system with RFID 
tagged cards and RFID readers, personal digital 
assistants (PDAs), and a digital camera (fig. 1).  
 
In this example, children are encouraged to explore 
different cultures through the adventures of a fictional 
character. The play develops around the story of a 
group of characters named Elys. With a teleporter, Elys 
can travel the world, discovering other cultures and 
social practices. Elys send postcards and bring pictures, 
music and video clips to share with the children. The 
journeys of Elys trigger a variety of physical and on-
screen activities through which children gain knowledge 
about different cultures and geography, while practicing 
individual skills such as reading, writing and counting. 
 
System Components  
An Ely is both a soft toy and an onscreen character. On 
screen (fig. 2), Elys are agents that guide the children 
through the play, giving instructions and feedback on 
interaction. The soft toy is proposed as a tangible link 
between the digital content and the hardware. Each Ely 
doll carries a backpack, which features a small display. 
The teleporter is a unit featuring a tabletop touch 
screen, a set of tools, and compartments to host the 
dolls.



  

 

 

Figure 1. System components.

The screen provides individual working areas for the 
users as well as a common display area where the 
outcome of their collaboration is defined. The postcards 
are tagged cards that allow the players to retrieve 
information gained in past play sessions to the 
backpack display. Tagged cards are also used to input 
data into the GUI. The camera allows children to 
explore real-world phenomena by creating digital 
content to be brought into the play. 
  
The interface 
The interface design aimed at encouraging group 
interaction. Research shows that groups working 
together with information devices performed better 

when developing tasks individually, in subgroups and 
as a whole group than when working as a whole at all 
times [25]. By using a table-top display we allow 
children to stand around the unit facilitating face-to-
face interaction. The GUI orientation changes over time, 
allowing different levels and modalities of collaboration. 
Also, when using the tangible tools, children can work 
individually or organize in subgroups as they wish.  
 
The placement of the three control knobs and the round 
shape of the teleporter indicate to the users how to 
place themselves in relation to the system. A split GUI 
presents a common area in the center and three 
personal areas around it (fig. 3). A hexagonal interface 

 
The Ely doll. 

 
The teleporter. 

Touch screen, knobs 
and RFID readers 

RFID tagged cards are used to input information 
into the GUI and retrieve information to the 
backpack display 

Compartments to host the dolls 
and other tools 

A PDA to view content 

A soft toy equipped with a 
PDA (the backpack) 

A Local Area Network allows transfer of information 
between the main computer and the PDA 



 

is used in order to achieve maximum screen area whilst 
clearly defining the three users’ interaction areas. The 
individual areas are used for solving individual tasks 
and the common area for displaying and combining 
material. The areas are not fixed in size (or shape) but 
change over time according to the development of the 
exercise. When solving individual tasks the personal 
areas expand and the common areas shrink, and 
inversely, when the joint outcome is presented the 
common area fills the entire screen. The color scheme 
of each area matches the color of the corresponding 
control knob.  
 

 

Figure 3. Touch screen, knobs and RFID readers. The 
interface presents one shared and three personal areas.  

The exercises (examples) 
We created two exercises to test and evaluate the 
concept and various possible interaction methods. The 
content was developed according to the Swedish 
national curriculum for year 1 (6 to 7 years of age) in 
which practicing reading, writing and mathematical 

skills is fundamental. The exercises involve both 
individual and collaborative tasks; each user completes 
different tasks, then the group combines the results in 
order to achieve a common outcome. The outcome is a 
reward in the form of an animated narrative of 
pedagogical content. The animation is also meant to be 
a prop to encourage discussion. 
 
In both exercises, up to three children can play at a 
time. At the beginning of a play session (fig. 4), the 
players introduce their dolls into the teleporter to log in. 
When the compartment doors are closed, the dolls are 
represented on screen in the corresponding personal 
areas. The Ely agents are present in every step of the 
exercises introducing the users to the tasks through 
interactive narratives. During group activities all three 
Elys appear together in the common area and one of 
them talks to all children. When appearing in the 
personal areas, the corresponding agent helps each 
child while solving the tasks, one at a time. Since the 
ability to read varies in the target group, the dialogues 
are always displayed on screen so that the children can 
both read and hear the information.   
 
In exercise 1 (fig. 9), children practice language skills 
through problem solving. The agents are “teleported” to 
Holland and guide the children through the process of 
growing a tulip. Firstly, children solve a rebus. They 
browse the alphabet and select letters by turning the 
knob and confirming their selection on the touch screen 
(fig. 5). Then, using the camera, they capture real-
world images related to the words they have 
constructed.  

Figure 2. The on-screen 
agent Ely the Explorer. 

 

  

   

 



 

Figure 4. Usage scenario of a play session. 

They connect the camera to the teleporter to input the 
photos into the GUI. Each child then chooses their own 
image by dragging it to their individual area. Later they 
are asked to collaboratively create a sequence by 
dragging the corresponding pictures into the common 
area. The sequence then turns into an animated 
narrative describing the growth of a tulip. 
 

        

        Figure 5. Exercise 1: selecting letters with the knob. 

Different ways of inputting letters were discussed and 
the final result was built using the touch screen. A 
touch screen can only recognize one input at a time; 
therefore we avoided using the touch screen when 
concurrent interactions where desired. Instead the 
knobs were used to choose letters from the alphabet. 
 
For the second exercise we implemented the use of 
RFID-tagged cards (fig. 6). In this example, children 
follow the agents to Sweden to help them build a 

 
A group of children takes 
photos that later will be 
input to the interface.  

 
Placing the Ely doll in the 
Teleporter. 

 



 

traditional house. Each child is given three arithmetical 
sums to solve. They use the physical cards to input 
numbers into the GUI. When a card is placed on a 
reader, the number on the card appears in a predefined 
area on-screen. For each solved sum the children 
receive an image.  
 

 

Figure 6. Exercise 2: RFID tagged cards. 

Each child then drags the images to the common area 
to create a sequence. The result is an animated 
narrative showing the construction of a house. 
 
Implementation of the prototype 
The final solution is a system with a circuit-board that 
handles the communication with the main application. 
The system features four input methods: a 17” touch 
screen, a set of three rotary knobs, a set of ten RFID 
tagged cards (labeled 0 to 9) and three RFID readers, 
and a digital camera.  
 

THE SOFTWARE 
The main application was developed in the Windows 
environment using Macromedia Flash MX and 
Macromedia Director MX. The GUI was implemented 
with a combination of pixel graphics and animated, 
interactive vector graphics. We used Flash because of 
its qualities in combining animation of vector graphics 
with sound. In addition, SWF files (executable Flash 
files) can be made small and are easily imported into 
the main application. We also used the built-in 
animation capabilities and the “object oriented” 
methods Director provides. The application receives 
input from the rotary knobs (encoders), the RFID 
readers and the camera. Two serial ports were used: 
one to interpret the input from the knobs and another 
to read the input from the RFID readers. The camera 
connects via USB to the host computer. 
 
THE HARDWARE 
The encoders. The rotary knobs are encoders with 
distinctive positions. The knobs are used to browse 
through objects in the GUI. We used encoders with 
many distinctive steps to give children tactile feedback 
when browsing through the different choices of the 
interface.  
 
The RFID tagged cards. We gathered input from three 
different RFID-readers located around the touch screen 
and converted the tag-ID into user-specific data before 
passing it on to the main application. The tag-ID is sent 
serially with an additional byte to identify the reader 
that read the tag. We used credit-card sized RFID tags 
that can be read at a distance of approximately 5-10 
cm.  
 

 
 

 
 

 
 

GUI examples from exercise 2 



 

Results 
To evaluate our concept, we carried out a series of 
tests, including several iterations of low-fidelity and 
working prototypes (fig. 7, 8). 
 

 
Figure 7. Low-fidelity prototype. 

 
Focus group discussion and low-fidelity tests  
In focus groups, we explored different metaphors for 
presenting information in the common and personal 
areas. We discussed how common information should 
be presented in order to allow all three users to view it 
simultaneously. In order to optimize the screen area, 
we avoided tripling the common graphical information. 
We explored different kinds of circular perspective 
representations, which appeared to be too complex. 
Instead, we used images in movement that slowly 
circulate in the common area and appear readable for 
each user at certain positions. 
 
Visualizations of GUI examples were made into paper 
prototypes. We simulated interactivity by replacing GUI 
elements according to the behavior of the users. The 
tests provided important cues for improvement of both 

the content and the graphics of the exercises. We found 
that users developed expectations of system responses 
based on the first input method they tested. These 
expectations then affected the result of the test. 
 
Through observation, we identified usability problems. 
The exercises needed a clearer introduction to set the 
users in the context of the story. The tasks and 
behavior of the agents had to be more clearly defined. 
Users posed questions such as: “Is this my Ely?”, “Are I 
and my Ely competing with the others?” and “Whose 
turn is it now?”. We discussed how transitions between 
tasks could be made more understandable. Several 
tasks that were unclear to the users (e.g. selecting an 
empty box in the rebus, turning the knobs to reach a 
specific letter) led to changes in the graphic layout. The 
variety of input tools caused confusion as users did not 
understand which tool to use for specific tasks.  
 

 
Figure 9. GUI example from exercise 1. 

 

 
Figure 8. Building the  
functional prototype. 



 

Pilot test 
To get insights on children’s reactions, we carried out a 
pilot test with groups aged 6 to 12. Our goal was to 
observe children’s interaction with the system and their 
response to the concept. Using experience prototyping 
methods [2], we gained understanding of the user’s 
experience when interacting with the system. We 
observed how children navigated through the GUI, 
which difficulties they encountered and if they enjoyed 
working together. The data collected in this test 
informed our design process and provided important 
cues for improvement. It made evident, for example, 
that when using a touch screen, the design of 
interfaces for concurrent interaction can imply a trade-
off with ease of use for the individual user. It also 
revealed the challenges of maintaining consistency 
throughout an interface designed for multiple users 
carrying out simultaneous tasks. 
 
FINAL TEST AT A LOCAL SCHOOL 
Through a structured study1 (fig. 10-13), it was 
investigated whether the system does support 
collaboration, and interactivity and whether children 
enjoy, and are engaged in their use of the system. 
Although it would also be interesting to investigate 
whether the system actually promotes interaction and 
collaboration, it was beyond the scope of this study to 
establish a baseline of the amounts of interaction and 
collaboration which occur when children are interacting 
naturally. It was, therefore, difficult to determine 
whether the Ely system does in fact promote either 
interaction or collaboration. Yet, on the basis of 
previous research it was hypothesized that:  

                                                 
1 For a complete report on the test, see [19] 

1. The system would support interaction and 
collaboration; 2. Children would enjoy and be engaged 
in their interaction with the system. 
 

 

Figure 10. Final test at a local school. 

Students in two classes at a local elementary school 
participated in the study: nine pre-school (5 girls, 4 
boys, M = 5 years 9 months) and 14 first grade 
children (7 girls, 7 boys, M = 7 years). Although the 
majority of children were of Swedish descent, children 
of several different ethnicities participated in the study. 
The system was presented neither as a toy nor as a 
learning tool, instead the introduction focused on the 
Elys and on how to use the teleporter and other 
tangibles to help the Elys learn more about our world. 
The children completed the two implemented exercises 
and their interaction with each other and the system 
was video taped. Video segments were analyzed in 5-
second intervals, and behaviours were checked as 
either present or absent during each interval. Since the 
system was designed for the classroom, teachers’ 
participation was an important feature of the test. The 



 

children rated their enjoyment of the system. Students 
were randomly assigned to mixed-sex triads by their 
teachers. All triads consisted of children who were in 
the same class and, thus, knew each other. One triad 
at a time used the system.  
 
Six dependent variables were analyzed: interactivity, 
collaboration, verbal discussion, engagement, 
motivation and enjoyment. A definition of interactivity 
previously used by Scott et al. [22,23] was used in this 
study. Interactivity was operationally defined as: the 
amount of time users interact concurrently, i.e. two 
users active at the same time (here also the amount of 
time three users were active at the same time), the 
amount of time users interact sequentially, i.e. only one 
user active, and the amount of time when no user was 
active [22,23]. Activity was defined as touching the 
touch screen, rotating the knobs, and handling and 
placing the RFID tagged cards on the readers.  
 

 

Figure 12. A group of seven year-olds using RFID tags. 

Collaboration was defined as a set of collaborative 
actions and verbal statements. When accompanied by 

relevant verbal discussion pointing at or touching the 
touch screen, rotating the knobs, reaching for and 
handing another user an RFID tagged card was 
considered to be collaborative activity. Also included 
was Ely-related discourse such as posing, discussing 
and answering questions, giving instructions and 
discussing the interface. Verbal discussion was 
operationally defined as the amount of on-task 
discussion as measured by the number of times the 
users engaged in on-task discussion [23] and the 
percentage of time that users were making verbal 
statements. Data was gathered through video analysis. 
Engagement was operationally defined as the amount 
of off-task behavior exhibited by the children, i.e. 
actions and discourse not related to the task at hand 
[10,22,23]. Enjoyment was operationally defined as 
children’s ratings of enjoyment on a vertical scale used 
in usability testing with children [6]. Motivation was 
operationally defined as whether or not the children 
interacted with Ely for the full period of time allowed 
[8], i.e. in this case until the children had completed 
both tasks. 
  

Results from the final test 
1. The children collaborated 31,60% of the time.  
2. The children made verbal statements 40,13% 

of the time.  
3. Triads2 were inactive 31,59% of the time. A 

single user was active 37,03% of the time. Two 
concurrently active users were seen 21.25% of 
the time. Three users interacted with the 
system concurrently 10,13% of the time. 

                                                 
2 The data on interactivity was collected for triads which 
served as the unit of analysis.  

 

 
Figure 11. Six year-

olds explore the Ely doll. 



 

Finally, two or more users interacted with the 
system concurrently 31,38% of the time.  

4. On average, the children exhibited off-task 
behavior 2,14% of the time.  

5. The scale used was divided into 10 sections, 
with 1 corresponding to the least and 10 to the 
greatest enjoyment. All but one of the children 
rated their enjoyment of the system as 10, 
with one child rating the system an 8,5 for 
enjoyment.  

6. All children completed their gaming sessions, 
and thus, motivation was 100%. 

 
The high ratings of enjoyment, high levels of 
engagement, and the high motivation of the 
participating children may be due to novelty effects and 
children getting to play a computer game at school. 
 

 
Figure 13. A group of seven year-olds explores the teleporter. 

 
The teachers and experts on education evaluated the 
system during and after the test. They found the 

system innovative and exciting, and were positive to 
the introduction of new technology into the classroom. 
However, for some teachers, the likely price level of the 
final product was a concern for schools with limited 
budget. A general conclusion was that the form 
language of the teleporter encouraged communication 
by inviting children to gather around a common activity 
and negotiate to achieve a common goal. The fact that 
children were provided with a single set of tagged cards 
was considered a good way to encourage sharing. The 
split interface was seen as a novel way for children to 
learn from each other and compare their work 
constructively.  
 
Teachers and experts were positive about the design of 
the exercises; however, they found some tasks too 
complex for 6-7 year olds. They believed the 
combination of interactive visuals, sound and text could 
be a powerful resource to support the curriculum, 
especially for the learning of foreign languages. The 
animated narratives were seen as an effective and 
appealing way to convey pedagogical content and the 
graphical elements to be humorous and friendly. The 
doll with its backpack was seen as a channel to involve 
parents in the learning, as the children could take the 
soft-toy home and recall play sessions together with 
others.  
 
Our own observation, supported by the video analysis 
and expert opinions, suggest that the children 
considered the input tools to be fun to use and that the 
cards seemed to offer clearer affordances than the 
knobs. The level of collaboration varied with age. In 
general, older children were more verbal and exhibited 
more collaborative behaviour than younger children.  



 

Conclusions  
This paper presents the development of a concept for a 
multi-user interactive platform for children’s 
collaboration. The concept was illustrated with Ely the 
Explorer, an accessible and robust multi-user unit, set 
of tangible tools, and software application, designed for 
the school environment. This paper also presents 
results from the concept evaluation in a realistic setting. 
The results showed that the system supported both 
sequential and concurrent interaction and collaboration, 
and that the children enjoyed and were highly engaged 
in the play. This result indicates to us that the concept 
can make a positive contribution to the existing array of 
learning tools. However, as it was beyond the scope of 
this study to investigate children’s collaboration in 
various settings it seems premature to draw any further 
conclusions of the data presented here.  
 
During the development of this project, we found that 
prototyping for children puts great demands on the 
implementation of prototypes. Conveying realistic 
experiences required a high level of detail in the 
implementation of the content, hardware and user 
interface, as we could not expect children to 
understand descriptions of operations or to mentally 
complete missing steps in the interaction. This 
represented a challenge for the team and the 
implementation of the prototype became a creative 
process in itself. 
 
When prototyping and testing our concept, we faced 
several challenges that can be summarized as follows: 
1. The lack of generally accepted definitions of 
interactivity and collaboration and the non-existence of 
baselines for these variables. Our tests investigated 
only if the system supported interactivity and 

collaboration. The definitions of these variables were 
partially based on previous work in related areas [22, 
23] and modified to apply to the system. 
2. Differences in cognitive level. Children's varying 
reading, writing and mathematical abilities would affect 
the results. However, we saw differences as a trigger 
for collaboration.  
3. Content design. Designing the content of the 
exercises was a difficult task. Teachers and other 
experts were consulted during the design process but 
we believe that better tasks, which would encourage 
collaboration to a higher extent, could have been 
developed had the team included a member with 
pedagogical skills. 
4. The language gap. All tests were to be performed in 
Sweden, however, not all members of the design team 
were fluent in Swedish. To overcome this limitation, a 
local collaborator conducted the tests and worked as an 
interpreter. Some of the children's comments were 
translated on site and all sessions were videotaped 
which allowed for later translation.  
5. Instructing children before testing. Children received 
verbal instructions prior to the test, but due to time 
constraints there was no scribble phase allowing the 
children to get acquainted with the system before 
testing. We acknowledged that this would affect the 
results.  
 
Suggestions for future research 
We are currently further analyzing the data collected 
during the evaluation together with experts in 
education. In future evaluations, it would be interesting 
to compare the system to other teaching methods, in 
terms of children’s collaboration, interaction, verbal 
discussion, engagement, enjoyment and motivation. It 
would also be interesting to research interactivity, 



 

engagement, enjoyment, and motivation to such an 
extent that baselines for these variables could also be 
produced.  It would be interesting to investigate the 
effects of prolonged use of the system on enjoyment 
and engagement but also on collaboration and 
interactivity, as well as on verbal discussion. Yet 
another angle of research is that of the effects of same-
sex vs. mixed-sex groups on interaction.  
 
Future research includes experimentation with other 
input and output modalities inspired by the affordances 
provided by the material world of children. Examples 
are a tangible toolbox with digitally enhanced tools; 
enhanced furniture featuring physical information 
containers and flexible screens; and image editing tools 
for creating interactive narratives. Lessons learned 
during the development of this project will be used for 
further investigation on collaborative interfaces, 
expanding our research to other target groups. 
Examples are tangible interfaces for therapeutic play, 
meeting environments and museum exhibits. 
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