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Abstract: In this paper we will investigate and document some of the practices that a group of 

children use to form an activity of creating a screen-based interactive play world using a tangible 

programming system. A specific focus is on the resources that the children use to create and 

maintain a sense of shared understanding of what they are building. We emphasise the embodied 

aspects of interaction in the activity and how physical resources and bodily action must be viewed 

as intrinsically intertwined with the children’s process of argumentation and articulation. 

 

Introduction 
A trend in the design of tools for children’s programming is to specifically address co-located and 

collaborative activity through the use of tangible artefacts. New technologies of this kind also requires renewed 

studies of the interaction that users of these tools engage in. However, studies of children’s activities with new 

programming tools have usually not had the explicit purposes of analysing properties of the social interaction 

involved in the activity, but have instead aimed at exploring how computer programming may or may not support 

the development of abstract “thinking skills” and learning of scientific and mathematical concepts (e.g. Resnick, 

2003, Noss and Hoyles, 1996, diSessa, 2000).  In CSCL (Ivarsson, 2001, Stahl, 2002, Roschelle, 1992) and CSCW 

(Heath and Luff, 2000, Button and Dourish, 1996) there are lines of research that focus on discourse and social 

interaction in the use of technology. The results of such studies are used for understanding collaborative activities 

with new technologies, while also providing input to new and refined designs. Moreover, recent studies of classroom 

interactions have emphasised the complexity of the social interaction that young students engage in (Wortham, 

2001, Ford, 1999). Ford for instance, emphasised the sophisticated communicative competence involved in such 

activity, which must be taken into account when analysing collaborative activity.  

We take an analytical perspective grounded in the tradition of interaction and conversation analysis (Jordan 

and Henderson, 1995, Pomeranz and Fehr, 1997), with a focus on how social interaction is practically achieved in 

relation to an overall activity. An important starting point from this perspective as proposed for instance by 

Koschmann, T., Zemel, A., & Stahl, G. (in press) is that making a priori assumptions of the purpose of an 

educational, or any other activity becomes problematic. Instead, an analytical commitment is that the objective of an 

activity should be considered a participants’ concern that must be investigated through close analysis of what the 

participants are actually doing. This includes investigating the role played by talk and all other social action, such as 

bodily conduct and use of physical artefacts that may carry meaning for the participants (Koschmann and LeBaron, 

2002). A vivid example is provided in Goodwin’s (2000) study of girls’ social interaction when playing hopscotch, 

where the grid drawn on the ground provides a structure to the activity, allowing the girls to use gesture and phrases 

like ‘this’ and ‘that’ to refer to different squares in the grid.  

This perspective has been introduced in some studies of children’s programming activities, showing how 

the activity of programming must be understood through the embeddedness of external resources and context 

(Fernaeus and Tholander, 2005; Ivarsson, 2001). To conceptualise the character of children’s programming with 

visual and tangible representations the notion of embodied programming has been proposed (Tholander and 

Fernaeus, 2004). This emphasises how visual and tangible representational artefacts turns programming into a 

bodily and social activity rather than something that is primarily characterised through individual and internal 

“thinking”. In this paper these notions are further explored through closely investigating how a group of 10-year-old 

children interact in and through a tangible programming space, designed specifically to let children create their own 

dynamic systems in collaborative settings (Fernaeus & Tholander, 2005). 

 

Setup of study 
The activity accounted for here consisted of three two-hour sessions, resulting in the children building an interactive 

play-world that they named Desert City. The materials that the children used were physical resources for decorating 

the space on the floor, as well as tangible objects for programming a virtual space displayed on a large screen 

display (see Figure 1 and 2). The activity included discussing and deciding what to construct, as well as to create a 
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physical world on the floor and to implement it as a system to run on the screen. All the sessions were recorded on 

video.  

 

   

Figure 1 Programming cards: Picture (left) and behaviour (right) are 

placed on creator bocks on top of the mat 
Figure 2: The children working in the  

programming space 

Shared 

screen 

Shared floor 

programming 

surface

Programming 

blocks and cards 

 

When initially looking at the data, it appears to present a rather disorderly activity of a group of children 

interacting and playing with the resources without any obvious common goal or specific ways of coordinating their 

work. However, the way that the children presented their work to friends and family at a public event after the 

workshop suggests that there was a strong feeling of common ownership within the group around what they had 

achieved together. This was also reflected in the actual product that the children produced. Figure 3 shows the 

screen display of the final system as it looked like when being programmed. All the characters and objects in the 

system have been assigned a colour by the children (displayed as a surrounding square). This assignment of colours 

follows an elaborate system of rules that the children developed collectively, and which they also appear to have 

maintained throughout the activity. “Good” characters and objects have been assigned the colour “green”, evil ones 

have been given the colour “red”, and “blue” was used for things considered as “food” in their fantasy world. Black 

was the colour used for walls. The coloured squares on top of the characters represent different behaviours for 

movements and collisions. 

 

 

Figure 3. Screen-shot of the “desert city” when in programming mode. 

 

This suggests that one cannot understand this situation as a group of children playing in a disorderly fashion. 

Instead, we must assume that the children do have ways of coordinating their work even if these are not immediately 

available to us on a surface level of observation. Our analytical goal is therefore to develop an understanding of how 

the children go about organising themselves and how the participants in the group create, sustain and shift focus as 

the activity develops. This includes identifying the role that the designed resources play in the process of 

collaboratively conducting the activity.  

 

Analysis 
The data presented here consists of three short subsequent fragments of an episode where the children are 

programming one of the characters in their computer play world. Prior to this activity the children have spent one 

hour playing with the system to learn how it works, and another hour deciding what to build with the system. In 

these earlier sessions the children had decided to build a “desert city” and created a number of clay figures to 

populate this city. At the beginning of the current session, the children have been given new programming cards 
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with pictures of their own clay figures, and also some fabric and other materials used for building a background 

world for their desert city. The children have just started to actually program their world, and much of the 

negotiations concerns how to use the available resources for actually implementing the ideas discussed in earlier 

sessions. We found this episode interesting since it involves a substantial amount of negotiations that became of 

importance in the activities that followed, and also since it illustrates several important aspects of how the tangible 

resources are used to create, maintain, and shift focus of attention in these interactions.   

 

The interlinking of verbal and physical action 
In the first excerpt, the children are in the process of programming the first object that they have added to 

the screen, a picture of a baby Bedouin. When the excerpt starts Sebbe is holding one of the readers, and moves it 

upon the surface of the mat while his gaze is directed towards the projection on the wall (see illustration). The other 

children in the group also have their attention directed towards the screen surface, where a green square indicates the 

position of the reader on the mat. It should be noted that there are more readers available on the mat surface, but at 

this point all the children are focusing on the one currently controlled by Sebbe. 

 

1. Sebbe: 
 
 
2. Ivan: 
3. Ivan: 
4. Sebbe: 
 
 
5. Niki: 

(positions reader on mat, looks at 
the screen. The focus point on the 
screen is at the baby Bedouin) 
so  
and move it also 
(takes “jump around”-card, drops it 
on reader) like that  
(feedback from system)  
It can be blue 

 

Sebbe 

Niki Ivan 

Excerpt 1 

 

The excerpt starts with Sebbe positioning the reader on the mat, while looking at the wall projection.  

Immediately after the screen indicates that the reader is positioned on the picture of the baby character, Ivan 

concludes by saying “so” and also proposes a next action “and move it also”. Sebbe continues by placing a 

card on the reader, with the effect that the “move” behaviour becomes added to the picture on the screen. Sebbe 

completes this action and concurrently says “like that” presumably to indicate that the programming action is 

completed. The completion of the sequence through “like that” is taken up by Niki saying that “it can be 

blue” which works to suggest a new course of action, to add a colour property to the object. 

The formulation of Ivan’s utterance “so and move it also” is interesting considering that a literal 

construal of its meaning in this particular situation does not immediately correspond to the meaning that the 

participating children seem to ascribe to it. It could be taken as that Ivan is suggesting that an object, either on the 

screen or on the floor, should be moved to another position. The utterance “So and move it also” is also typical 

example of how children often produce verbal responses to physical actions and manipulations of tools. However, 

based on Sebbe’s subsequent action it seems that he is not interpreting Ivan’s utterance as a suggestion to move an 

object on the floor. But by viewing Ivan’s utterance in the light of Sebbe’s subsequent action, i.e. placing a 

behaviour card on top of the reader, Sebbe seems to be taking the utterance as a suggestion or an instruction for 

placing the “jump around” card on the reader, thereby adding the behaviour to the screen object on which the reader 

is placed. Ivan’s utterance “so and move it also” is thereby a response to Sebbe’s action of positioning the 

reader on the mat at the location of the object that they are about to program. Hence, making sense of what Ivan is 

saying in this situation requires that we interpret it in relation to Sebbe’s gaze towards the projection while 

simultaneously physically positioning the reader on the mat. It then appears to be the object on the screen that 

should be made to move (through adding a behaviour), not the artefact that Sebbe holds in his hand. 

What we would like to point out is how Ivan’s statement does not make much sense if only considered 

through its relation to the surrounding talk. Instead, physical action and manipulation of artefacts of different kinds 

must also be considered as conversational turns of equal relevance as verbal action for the meaning making activity. 

This means that the meaning of verbal actions in this setting must be understood as constructed through its relation 

to talk and physical actions produced by the other participants, the configurations of the physical resources, the 

feedback provided by the software on the computer, and how these different forms of representations are made 

available to all the participants taking part in the activity. 
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Programming together 
In the next excerpt, which begins immediately after the end of the transcript above, the children discuss what 

”colour”-property that they should assign to the picture that they are programming. The logical property of colour 

could be added to any picture on the screen, as a way of being able to specify interaction between specific objects.  

 

 5  Niki:
  
 
 6  Sebbe: 
       
 7  Niki:
  
 8  Sebbe:
  
 9  Carl: 
  
 10 Sebbe:
   
 11 Sebbe:
  
 12 Carl:
  
 13 Niki: 
 
 14 Sebbe: 
  
  
16 All:
  
 17 Sebbe:
  
 18 Ivan:   

it can be blue (puts hand on the “blue” card 
on the floor)         
 
(puts hand on the same card as Niki) 
 
no no it can be= 
 
=green (looks at Niki’s face) 
 
green is the oth- other 
 
yeah  green (picks up “green” card, next to 
the “blue” card) 
[(moves card towards reader, looks at Carl) 
 
[and the green are friendly 
 
[yeah it can (.) it is green 
 
e- the red are the evil  
(points,and holds card in other hand) 
 
yeah 
 
(places card on the reader) 
 
Yeah 

 
 

 
 

 

Excerpt 2 

 

In this excerpt, we would like to emphasise how programming in this setting is largely a collaborative 

activity to which all five children are contributing. We will also draw attention to the embodied nature of the 

negotiations and discussion. The excerpt starts with a short negotiation regarding what colour-property that they 

should assign to the baby Bedouin. This results in the agreement to give it the colour “green” (turn 5-12). 

Note for instance how the group of children has arranged themselves to participate in the activity. The 

physical resources being spread on the floor surface allows the children to physically position themselves to face one 

another and at the same time keep their focus directed towards the set of physical resources collected on the surface 

between them. Consider for instance how Sebbe, who in this sequence is most active in the actual manipulation of 

the programming the tools, is facing away from the screen display (see Figures in Excerpts 1 and 2). To check what 

is happening on the screen requires that he turns away from the rest of the group. Such an action thereby becomes an 

embodied way of signalling a temporary shift of attention: away from the group and towards the screen display. 

Thereby the physical distribution of the tools and the physical positioning of the children in the group provide 

additional options for indicating to others what one is doing at a particular moment, through bodily as well as verbal 

action. In a more conventional PC-setting such shifts of attention becomes more subtle, requiring more work e.g. 

through pointing and verbal explanations, in order to create a shared focus throughout the activity. 

The role of bodily action for the joint construction of meaning is particularly evident in Niki’s utterance in 

turn 5, ”it can be blue”, while she simultaneously puts her hand on a card. In other instances throughout the 

activity the names of colours were a cause of confusion in the group, since having a colour can refer to an object’s 

natural colour as well as a programmed property of an object. However, through Niki’s pointing towards a 

programming card she provides a contextual framing that indicates that it is the programming property “blue” that 

she is referring to here, which also appears to be how this is interpreted by the other children. The physical action 

thereby serves to demarcate the range of potential meanings that the spoken utterance could otherwise have.  
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Another example of the social character of the negotiation is how Niki at line 7, and without any prior 

spoken conversation appears to change her mind regarding the colours. Just as Sebbe is about to pick up the “blue”-

card, which she initially had suggested to use, she suddenly appears to hesitate, saying: “no no it can be”, 

holding her hand on the card and through this action obstructing Sebbe from actually taking the card. Since the 

children are still in the process of programming the first object to be added on the screen, it would at this point in the 

programming process not matter which colour property to be added to the baby-character. However, for the process 

of jointly creating a fantasy world, it could be important that everyone agrees with the decisions made at this 

moment. Through saying “no no it can be” – leaving her statement open instead of suggesting another colour, 

Niki opens up for further negotiation in the group, making it possible for everyone to become part in making this 

important decision (turns 8-17). After this point it appears as Sebbe, and also the other children in the group, starts 

addressing Niki’s hesitation by proposing alternative colours to add to the object on the screen.  

Similarly Sebbe, who during this sequence seems to hold the responsibility of adding cards on the reader, 

repeatedly acts to make the rest of the group involved in this aspect of the activity. Just as Sebbe is about to place 

the “green”-card on the reader (line 14), he moves back, rises slightly and points with his index finger saying “and 

the red are the evil”. In doing this, he signals to the group a possible consequence of this action: if the baby 

should be “green”, then a feasible effect could be that the “evil” ones (e.g. the “Dracula”-character) should have the 

colour property “red”. Note how Sebbe’s talk is expressed along with very specific bodily action: lifting his gaze 

from the reader and the cards to instead face the group, and temporarily moving the card away from the reader. 

Through these actions, Sebbe provides a space for anyone who would like to object to his idea to do so, while also 

indicating that there should be joint understanding of the suggested programming action. 

 

Talking trough the cards 
The next excerpt illustrates how the talk is becoming closely intertwined with bodily actions conducted 

with the programming cards. When the transcript begins, Sebbe is just about to place the “green”-card on the reader 

(turn 15). In parallel to this, Niki turns around to locate a behaviour card lying behind her on the floor. In the 

following turns, the children discuss whether they should add a behaviour to the baby Bedouin, one that would make 

it “eat” other pictures in the world that they build.  

 

                      
15. Sebbe:(places card on the reader) 
16. Niki: (turns around, locates and    
           picks up the “eat blue” card 
           on the floor) 

                     
17. Niki: Yeah it eats blue  
          (shows a card)  
 

                       
18. Ivan:  No it should not eat anything  
           (takes card from Niki)  
19. Sebbe: No it doesn’t eat anything  
           (looks at Niki) 

                     
20. Ivan: The baby shouldn’t eat 
          anything  
          (holds card towards Niki) 
21. Niki: It bites:: grr: 

Excerpt 3 

 

At turn 17, Niki holds forward a card (the card reading “eat blue”) and says “Yeah and it eats blue”. 

As a direct response to this proposal, Ivan takes the card from Niki’s hand saying “No, it shouldn’t eat 

anything” (turn 18 and picture). At this very moment, Sebbe has turned his focus back from the screen display, 
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and immediately agrees with Ivan “No it doesn’t eat anything”. Ivan holds the card towards Niki, and says 

once again “the baby shouldn’t eat anything”. As a response to this, Niki suggests “it bites”, upon 

which she and some of the other children bursts into a short laughter. 

What we would like to point out in this excerpt is how even though the children are quite explicit in their 

talk, physical action with the cards is a very significant part of the negotiation. The talk being closely intertwined 

with bodily actions conducted with the programming cards shapes the relevant meaning of words like ”eating” and 

“blue” to referring to being about eating and having a colour as properties one can ascribe to objects being 

programmed. Note for instance how the card that Niki initially puts forward is moved between the children, and 

thereby becomes a means of representing arguments in the negotiation and also “transporting” these between one 

another. Ivan saying “no it shouldn’t eat anything” could here be interpreted as a way of updating Sebbe 

of an aspect of the negotiation by giving account for an action that Sebbe was not able to be a part of (as he was 

facing away from the group when Niki was holding up a card). Thus the ability to physically act with the resources 

does not only make the meaning of the spoken words more explicit by offloading some of the argumentation, that 

would otherwise have to be articulated verbally, into the physical resources themselves. This means that the card 

may function as external “memories” of the current status of the discussion, while also being the means used for 

actually completing what gets agreed upon. The spoken conversation has the function of explaining the actions 

performed with the physical resources, so that these can be understood and shared in the group. An important aspect 

of this is that the card is not just any physical object, it is also the actual resource that the children use to actually 

completing the result of the negotiation. Acting with the cards therefore became closely interweaved with children’s 

talk, negotiation and decision-making throughout the whole programming process. To talk in this situation is a way 

of “doing” programming just as much as placing the cards on the readers is. And also the other way around, the 

programming cards are resources for “negotiation” and discussion, just as much as spoken language.  

That it was Niki who suggested the baby to have the behaviour ”eat blue”, was possibly also an effect of 

that the card was located right beside her. It had for instance been less likely for Carl, who was sitting at the other 

side of the mat and much further away for that specific card, to come up with the same suggestion. The cards 

therefore work as structuring resources for suggesting new ideas, not only as resources for making existing ideas 

more explicit. Hence, we see how bodily action and use of artefacts plays a key role for the children in creating a 

shared focus around the programming actions that they need to agree upon to build their system. 

 

Discussion 
The notion of embodied programming have previously been used to emphasise how programming with 

physical and tangible representations becomes an activity where bodily actions play a significant role in the 

meaning-making processes of building systems. This analysis has intended to further elaborate this idea.  

The interaction between the children did to a large extent concern deciding upon and defining the 

“conceptual content” of the objects and the relations between objects to be programmed. One could expect that 

deciding upon a conceptual content of assigning properties and defining relations within a group of five children 

would require substantial verbal elaborations in order to be settled. This was partly the case also for this group, but 

just as importantly, the children extensively relied upon and made use of bodily action and manipulations of 

interface elements in achieving their communicative and collaborative objectives. Actions like glancing at the wall 

projection, holding up a card, handing over a card to someone, all significantly shaped the interaction around and 

coordinated their work with the programming space.  

What would appear at first to be resources primarily for implementing a system on the screen, turned out to 

play a central role in coordinating and sharing the activity in the social context where the ideas are developed and 

negotiated. The artefacts were used not only as tools for creating the system but also for developing a shared 

understanding of what to build. These results are in line with work in CSCW (e.g. Heath and Luff, 2000) and studies 

of social interaction (e.g. Goodwin, 2000), but have rarely been introduced in studies of children’s programming. By 

closely considering participants’ non-verbal actions we could see how these actively shaped and contributed to the 

ongoing conversation, and not just as complimentary to verbal action. Therefore the meaning that the children create 

cannot be understood from their talk only, but requires that we include bodily actions and use of physical resources 

as conversational turns in the interaction.  

We have seen how the relation between negotiating ideas and to actually implement them on the computer 

becomes more interweaved in settings like these than would be possible in a more conventional programming 

setting where all resources are located on the computer screen. When children collaborate in PC-settings, they do not 

have the ability to make use of the programming resources in their social interaction to the same extent as we have 

seen here. A possible effect of this is that negations regarding the actual manipulations of programming resources 
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become less prominent if the resources take physical form, and also changing the nature and the role of the verbal 

actions in argumentation and negotiation. 

In traditional PC-settings controlling the mouse and keyboard often becomes a source of negotiation and 

control of power. In the setting studied here, the technology is distributed over a fairly large number of tangible 

artefacts. Thereby, it becomes difficult to take individual control of the technology since this would require one 

person to hold on to all the available cards and the readers at the same time. This potentially requires more effort to 

be put into coordinating the actions performed with these different resources in the group. Note how the children 

throughout the sequence never fall into discussions of whom to control a specific device or how actually a command 

should be practically realised, aspects which are normally under constant negotiation when children collaborate in 

PC-settings. Programming in this setting seems to become more of an issue of agreeing in the group about what to 

build rather than working out how to actually implement it.  

An extensive part of the interaction in this sequence is expressed in the form of physical action with 

external resources and an analytical understanding of the activity of programming in this setting has required careful 

consideration these actions. By looking at the product that the children finally end up with, only a limited portion of 

the meaning that they have ascribed to it in the process of building it is manifested. Therefore we find it problematic 

to attempt to separate social interaction from the practical implementation of the system. Neither is more important 

than the other, instead both involve equally necessary and important aspects of the situation. This means that in 

order to meaningfully analyse collaborative programming activities it could be a mistake to degrade the role of 

social interaction, since it is such a central part what the activity is about for the participant. Therefore we find it 

limiting to see only the representation of a particular idea as the core of the activity. The final product must instead 

be understood within a larger context of the children’s creative work, and by investigating these issues we hope to 

contribute to further understanding of the educational value of programming activities like these. 
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