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Abstract. According to the literature, tangible multitouch tabletops provide 
natural and intuitive interaction and afford face-to-face collaboration. 
Storytelling is an effective method for building conceptual skills and using 
reasoning to solve problems. This paper reports the evaluation of a tangible 
multitouch tabletop application (RoboTale) in supporting children’s 
collaborative storytelling. By examining how children use RoboTale to create 
and tell stories, this study showed the positive effects and potential 
improvement in the design of RoboTale.  
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1 Introduction 

Tangible user interfaces (TUIs) augment the real physical world by coupling digital 
information to everyday physical objects and environments [1]. A tangible multitouch 
tabletop allows multiple users to interact with physical and virtual objects 
simultaneously and affords natural and intuitive social interactions.  

Storytelling helps to build conceptual skills such as understanding a narrative and 
using inductive reasoning to solve problems. The creation of digital stories also 
requires the creator to build technology skills through the use of software and other 
tools [2]. Through storytelling, children can develop 21st-century skills such as 
creativity, problem-solving, decision-making, communication, and collaboration. 

Earlier research has shown that TUIs and multitouch tabletop interfaces have great 
potential for supporting collaborative storytelling [3-5]. We argue that the potential 
has not yet been fully explored. The goal of this research is to study how a tangible 
multitouch interface can enable and facilitate children’s storytelling process. To 
achieve this goal, we have developed and evaluated RoboTale—a tangible multitouch 
interface supporting children creating and telling stories that focus on a robot 
protagonist.  
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2 Related Work 

Collaborative storytelling is an important element in children’s lives. Listening to 
stories and sharing their own stories and ideas with others are activities through which 
children make sense of their world and practice their language skills [6]. Previous 
research has recognized storytelling as a learning activity that allows children to 
develop skills such as creative problem-solving, collaborative learning, expressive 
design, development of multiple forms of literacy, and exploration of knowledge [7]. 
Recent years have seen a growing body of research focusing on using computers to 
support children’s collaborative storytelling, for example, KidPad [8], the Klump [9], 
PageCraft [10], and TellTale [11]. 

The use of tangible technologies has also been explored to support storytelling 
among children in systems such as KidsRoom [12], StoryRooms [13], StoryMat [14], 
PuzzleTale [15], StoryTent [16], and KidStory [3]. TellTable [4] is a storytelling 
system for children based on a multitouch table. Children tell stories by drawing 
directly on the tabletop or by taking photos of objects that are uploaded to the table 
and used in the stories.  

Very little research has been conducted with robots in children’s storytelling. Chen 
et al. [17] conducted a survey on storytelling with robots in an educational context. 
They identified a few possibilities of mixing children and a robot among storytelling, 
including the following: giving a robot a storytelling feature to perform before the 
children; children do programming and story designing for the robot to perform; a 
robot is designed to motivate children to do storytelling; children are facilitated to 
assemble a robot character and its environment, and they create a story for the robot 
to act on; and a robot is programmed by a teacher to perform teaching assistantship 
(including storytelling). Sugimoto [18] developed GENTORO to support children’s 
storytelling activities in physical spaces using a handheld projector and a robot. The 
possibility of manipulating a robot increases children’s involvement and participation. 
Studies with school children indicated that GENTORO could effectively support 
children in designing and expressing creative and original stories. 

The RoboTale system presented in this paper differs from the previous works in 
many aspects. First of all, it allows children to combine physical and virtual objects in 
their story creation and storytelling on a tabletop. Secondly, a robot protagonist whose 
movements can be controlled by the children is used as the main figure in the stories. 
Thirdly, the physical objects created by the children can interact with virtual objects 
or other physical objects, including the robot. 

3 RoboTale 

RoboTale is an application for story creation and storytelling based on the 
RobotTable framework for tangible interaction with robots in a mixed reality [19]. 
Using RoboTale, children can collaboratively create a story revolving around a robot 
protagonist. The story unfolds on a multitouch table, with the robot travelling on the 
touch surface between objects placed and moved by the children, thus forming the 
physical backdrop on which the children may expose the details of their story. 
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Children can interact with the robot and the touch surface by manipulating physical 
objects and touching virtual objects on the surface. The fiducial symbols (see Table 1) 
tagged underneath the physical objects allow them to be uniquely identified (Fig. 1). 
The table tracks the symbols and touch inputs, and the robot reacts accordingly. 
Children can tag the different objects they want to use in their story, such as Lego 
creations and stuffed animal toys. These objects can represent characters, locations, 
and sceneries. The robot can carry and transport virtual and physical items. It can also 
follow and avoid tracked objects, and the children can also create bridges or gates to 
influence the paths chosen by the robot.  

Table 1. Fiducial symbols used in the evaluation 

id Use in storytelling Symbol 

0 Sun 

1 Rain 

2 Thunder 

3-6 Background 

7-10 Push marker 

11 Robot 

12-17 Drag marker 
 

 
The design goal of RoboTale is to facilitate children’s storytelling by providing 

necessary plot elements in the context of the story. It is up to the children to use the 
context elements to explain what the actions of the robot signify and the intentions, 
motivations, and causality of the actions. Thus, in the story creation mode, the 
children define the relationships between the robot protagonist and other characters or 
locations in the story by using the tools and objects provided by RoboTale. In the 
story presentation mode, the robot reacts to the objects placed on the table surface by 
the children based on the predefined relationship. The children are free to choose 
which objects to put on the table, and when, to tell their story; thus, the story can 
become something completely different from what the children originally imagined 
when defining these relationships. 
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Fig. 1. Red push marker and green drag marker 

4 Evaluation 

In the evaluation, we focused on three research questions: 

• How easy or difficult is it for the children to use RoboTale? 
This question covers whether the children can understand and make use of the 
different elements in the interface.  

• How do children use the different tangible objects in their storytelling? 
This question covers what roles the tangible objects have and how the children use 
and relate to the robot. 

• How do the children collaborate in storytelling, and how does RoboTale facilitate 
the process? 
This question covers the collaboration patterns among children and what elements 
in RoboTale affect and facilitate the collaboration. 

The evaluation of RoboTale includes two pilot studies and one formative 
evaluation. All of the evaluations were conducted in a university lab in which the 
table was positioned in one end of the room. One side of the table was along the wall 
while there were chairs along the other three sides. Because the table was rather high 
for the children, the chairs were positioned with the back to the table so that the 
children could kneel on the chairs and interact with the table. The long conference 
table in the room was used for children to draw backgrounds and figures. The 
backgrounds were loaded to the table as the background for storytelling, while the 
figures were stuck to different physical objects.  

Two cameras were used to record the activities during the evaluations (see Fig. 2). 
One was a web camera positioned directly above the table focusing on the interactions 
on the table. The other was a video camera positioned in the other end of the room, 
capturing the activities inside the room. Both cameras recorded audio. The interviews 
with participants and the teacher were also recorded with a video camera. 

Each session was planned to last 40 minutes in order to fit into an ordinary class 
(45 minutes) and included the following steps: 

 



146 A.H. Leversund, A. Krzywinski, and W. Chen 

 

 

Fig. 2. Views from the two cameras 

1. Introduction. The researchers presented themselves to the children and asked their 
names and ages and what they expected. Then the researchers told the children 
about RoboTale and the evaluation. 

2. Exploration/Tutorial. The children explored the table, checking out the robot and 
trying out the drag and push gestures, so that they learned how to control the robot. 
Explanation and help was provided when necessary. 

3. Brainstorming about the characters in the story and/or backgrounds. The children 
were presented with the task of telling a story about the robot’s first day in a new 
school, along with the number of characters and backgrounds that should be 
included. The researchers also helped them to determine which characters and 
backgrounds they would include in their history. 

4. Distribution of tasks. After the characters and backgrounds were determined, the 
children discussed among themselves and agreed on who was going to draw what. 
The teacher assisted in this process. 

5. Drawing story elements and/or backgrounds. The children sat at the conference 
table in the room and drew the backgrounds and characters to be used in the story 
(Fig. 3). The physical objects were attached with fiducial markers. The 
backgrounds were photographed with a smartphone and loaded to the system.  

6. Storytelling. The children gathered around the table with the robot and story 
elements. One of the children began to tell a story, and other children joined in.  

 

Fig. 3. Story elements drawn by children (figures with the drag effect) 
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7. Introduction of weather objects (Fig. 4). At a stage during the storytelling, weather 
objects were introduced, and children could use these objects in their stories. By 
introducing the weather objects in the middle of the storytelling, the researchers 
could observe the effects of these objects on the storytelling. 

 

Fig. 4. Weather objects: sun, thunder, and rain 

8. Continuation with the story. After all of the story elements were introduced, the 
children continued telling their story. 

9. Debriefing. After the storytelling, the children, their teacher, and the researchers sat 
at the conference table and had a short interview session. The children also had 
opportunities to comment and ask questions. 

In addition to video- and audio recording, notes were taken during the sessions. An 
interview with the teacher was conducted after the session and at the end of the 
evaluation after all sessions were finished. 

The following sections give more details about these evaluations. 

4.1 Pilot Studies  

The two pilot studies were conducted with one adult and with a group of three 
children, aiming at identifying possible technical problems of RoboTale and 
validating the design for the formative evaluation.  

One master student in information science participated in the first pilot study. The 
participant had never seen or used RoboTale before. Some technical problems were 
identified during this study. For example, the movement of the robot was not very 
accurate. When using the green drag marker, the robot did not stop at the exact place of 
the drag marker but a little bit farther away from it. Some functions in RoboTale were 
not very visible to the user. For example, RoboTale allows multiple character markers 
on the table at the same time, and it is the last placed marker that triggers the movement 
of the robot. The participant was not aware of this, and he put one at a time on the table. 
The thunderstorm was programmed so that the sound and graphics were first activated 
when the user shook the thunder object, not when the user put the object on the table, 
which was also found to be somewhat confusing to the participant. For the evaluation 
procedure, the planning and drawing stage was found to take most of the time, thus the 
thought process was predetermined with little left for improvising.  
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After the first pilot study, some technical improvements were made. The 
movement of the robot was made more accurate, the planning and drawing time was 
reduced, and more opportunities for improvising were provided. 

Three children (8–9 years old) participated in the second pilot study, and their 
teacher was present during the evaluation. Technically, the drag marker (round shape) 
and the push marker (square shape) were not self-explanatory, and the children had to 
ask which one did what. The children were found to make many story elements and 
figures beforehand and put them on the table, and many of them were not used in the 
storytelling. With so many elements on the table, the movements of the robot were 
affected. In addition, the use of RoboTale and the storytelling was very unstructured 
at first, largely depending on individual activities. The teacher had to intervene to tell 
the children about turn-taking and provide them with some structure. With more 
structure and interventions from the teacher and the researchers, the children 
proceeded with the story. For the evaluation procedure, we found that we should not 
ask children questions that were not relevant to the story during their activities. The 
presence of the cameras was largely ignored and did not interfere with the children’s 
activities. The debriefing was useful and worked well. 

After the second pilot study, more technical improvements were made. We added 
colour to the drag markers and push markers, so they became more easily 
recognizable and memorable. Because it is difficult for children to manage the 
process themselves, the structure of the storytelling process was made clearer. Story 
elements and figures were introduced gradually to avoid cluttering the table and the 
cognitive load for children to handle all of the elements at the same time. 

4.2 Formative Evaluation 

The formative evaluation was conducted with 18 children (8–9 years old) divided into 
six groups and their teachers. We were conscious that all groups should include both 
girls and boys.  

In this evaluation, there had been variations in the use of tangible objects, as 
summarized in Table 2.  

Table 2. Variations in the use of tangible objects 

 Group1 Group2 Group3 Group4 Group5 Group6 
Robot X X X X X X 
Background X X X X X X 
Sun X X X X X X 
Rain X X X X X X 

Thunder X X     
Figure marker X X   X  
Control markers 
(red and green) 

  X X  X 

Figures without 
functions 

     X 
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Interface. Most of the children seemed to understand how the different objects 
worked after a short time. However, some usability problems with the tangible objects 
were also identified. The red and green control markers were not found to be self-
explanatory. The children had to learn and remember the differences. Although the 
children could learn and remember them rather quickly, we could see that when the 
number of such objects increases, the level of difficulty would increase as well. This 
confirms that it is important to design tangible objects so that the functionality and the 
scope of their usage are clear [20]. The lack of convention within TUI makes this 
particularly challenging.  

The children assumed that red and green control markers would affect the 
movements of the robot in a similar way. However, the trigger distance for the drag 
marker (red and round) is much longer than the push marker (green and square). This 
resulted in the children adopting a trial-and-error method to learn the distance 
between the marker and the robot. The same happened with the weather markers. The 
children expected that all of the weather markers would work in similar ways. They 
found out that the thunder marker did not give continuous feedback like the other two 
markers (sun and rain). The conflict between the design model and the children’s 
mental model caused some frustration and confusion. 

Although the number of tangible objects in the evaluation was not very high, we 
had already observed that the table was full of objects. This kind of physical clutter of 
objects [21] affected the movement of the robot. If we make the objects smaller, it 
would be difficult for the camera inside the table to identify the objects. If we make 
the table bigger, it would take more space and would be difficult to get hold of the 
objects across the table. This scalability problem is considered to be one of the biggest 
challenges with TUI [21]. 

Children’s Relation to the Tangible Objects. All of the children seemed to like the 
robot. They personalized it, although the robot could not move without the children 
using the push markers and drag markers. A girl said, “Hello you” (“Hei du” in 
Norwegian) to the robot while stroking its head gently. After a child picked up the 
robot and placed it on the table, the robot went towards the figure standing on the 
table. The child giggled and moved the figure away. The robot continued to follow 
the figure. One of the children exclaimed, “He was crazy about it (the figure) there” 
(“Han var helt vill etter den der” in Norwegian). When children wanted the robot to 
come to them, they used expressions such as the following: “Now you are mine” and 
“Come to me” (“Nå er du min” and “Kom til meg” in Norwegian). The interview also 
confirmed the children’s positive attitude towards the robot. They used sweet, tough, 
kind, and other words describing personal qualities to describe the robot. The teacher 
thought that the children saw the robot as a kind of hero and therefore it appealed to 
them.  

The children showed great interest in the weather objects. They thought these 
objects were “cool”. These objects became the centre of their attention and were used 
very frequently. We observed that the weather objects with the combination of sound 
and visual effect had positive effects on the children’s imaginations. The following 
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conversation and activities show how the children used the weather objects in the 
storytelling. 

E11: Out in the playground, they are playing (E12 put on the sun marker). It was 
good weather. But suddenly, it started – Take that off (pointing at the sun marker), 
suddenly it started to rain – Can you give me that? (putting down the green marker 
and pointing at the red push marker). (E12 passed the red marker to her) …rain 
(putting the rain marker and the red push marker). Then he (the robot) went away. 
Now he had nobody to be with. 

The weather objects had great influence on the content of the stories. Some of the 
children almost forgot all of the other elements. Many were inspired by these objects, 
and their stories turned to a new path. Some children were so engaged in playing with 
the weather objects that they later realised they had forgotten about school, which was 
the main theme set up in the beginning of the story. The weather objects were used 
not only to describe the weather but also to describe feelings and emotions: When the 
sun was shining, everything was good, but when the rain marker was on, the robot 
suddenly felt lonely and abandoned. The thunder marker often gave the story a darker 
twist. Such use of the weather objects was observed in most of the group stories 
where the sun marker represented positive events and feelings while the rain and 
thunder markers represented dark and negative feelings. Some boys had special 
interest in the thunder marker and liked to play a high thunder sound. In some cases, 
this caused disruption in the storytelling. Therefore, after two sessions, the thunder 
object was removed from the elements. Nonetheless, some groups still used thunder 
in their story even when the thunder object was not available. Some groups also used 
the sun marker as a disco light. When spinning the marker around quickly, it could 
look like the rotating light in a disco. During the interview, the children also 
expressed their wishes for other weather objects such as rainbow, day and night, and 
so on. 

The robot and the weather objects differed from the rest of the system because they 
were dynamic and gave feedback in the form of sound and movement, which made 
them more popular among the children. 

Collaboration among the Children. Face-to-face collaboration is one of the most 
important affordances of a multitouch table. The children were found to be mostly 
good at sharing the tangible objects and taking turns to tell stories. The interaction 
level was high among the children. The table was rather large, which made it difficult 
for the children to reach to the other side. They often helped each other to move 
tangible objects when the others had difficulties reaching them. During the sessions, 
there were not enough objects so that each child could have his or her own object. 
They were “forced” to work together, share, and take turns. Providing different 
numbers of objects on the table was found to promote collaboration, as also shown by 
Stanton et al. [3] in KidStory. Some children felt ownership towards the background 
and figures they themselves created, which resulted in some children having to ask 
the others to “borrow” their figures. The children not only took turns to tell the story  
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but also intervened in each other’s stories and collaborated in the content of the story 
by giving suggestions. In some groups, the children expressed that the next person 
should continue with the story. It also happened that the children did not agree on 
what was going to happen in the story and how the characters in the story should react 
to different events. Sometimes, they overruled each other by determining what was 
allowed or not allowed. In some cases, when the group did not come to an agreement, 
one of the children kidnapped the story and continued as she or he wanted because the 
tangible objects were accessible to everyone [21]. This often resulted in several small 
stories with different themes and various degree of coherence. Some children were 
found to be better collaborators than others. The interview with the teachers revealed 
that the class was working more with collaboration methods, and individual 
differences in maturity had an impact on their collaboration skills. Harris et al. [22] 
found clear gender- and age-related tendencies in a study of children and their use of 
multitouch tables versus single-touch tables. The study showed that there could be 
significant differences between the ability to use an interface and the ability to 
collaborate on a task. When using RoboTale, although the children individually had 
no problems interacting with the system, it did not mean that children could work 
together to make and tell a story. During the evaluation, some children showed 
leadership and organized the group work, which was considered very positive by the 
teachers. 

5 Conclusion and Future Work 

The evaluation results show that the RoboTale interface is easy to learn, and children 
were able to understand how to use the system in a very short time. The design of the 
tangible objects was essential for the children. Dynamic objects that gave feedback in 
the form of sound or movement were important sources of inspiration and creativity. 
The robot was given human traits such as being kind, evil, and so on. The results also 
indicate that although the tangible tabletop affords collaboration, intervention and 
facilitation were still necessary to ensure productive collaboration. The evaluations 
have also provided recommendations for further development of RoboTale. 

In addition to technical improvements based on the feedback from the evaluations, 
we have identified many directions to pursue in future research. For example, we can 
conduct research focusing on the role of the robot in children’s story creation and 
storytelling. Comparative studies can be conducted to investigate whether there are 
differences in children’s interactions with and without the multitouch table or with 
and without the tangible objects. We can also investigate whether RoboTale can help 
children with special needs. Through collaboration with teachers, we plan to integrate 
the RoboTale into classroom activities so that children can use RoboTale over longer 
period in school activities. A longitudinal study in schools will provide more insight 
into the effects of RoboTale. 
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