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Abstract. In remote tabletop collaboration multiple users interact with the sys-
tem and with each other. Thus, two levels of interaction human-computer inter-
action and human-human interaction exist in parallel. In order to improve remote 
tabletop systems for multiple users both levels have to be taken into account. 
This requires an in-depth analysis achieved by qualitative methods. This paper il-
lustrates how a combination of Activity Theory and Grounded Theory can help 
researchers and designers to improve and develop better collaborative interfaces. 
Findings reported here are based on three video recordings that have been col-
lected during a quasi-experiment. 
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1   Introduction 

The increasing use of collaborative technologies, in particular remote tabletop group-
ware, has provided a fertile ground for user interface design research. Most studies of 
user interface design these technologies have so far to date focused only on human-
computer interaction (HCI) [1,2,3], taking only one level into account. However, in 
remote collaboration multiple users can interact with the system as well as with each 
other, understood as human-human interaction (HHI). In order to understand, improve 
and develop existing and new interfaces suitable for multiple users in remote collabo-
ration, both levels should be considered.  

This is a complex process and requires in-depth analysis, which can be time-
consuming and expensive, as more than one researcher will be required to conduct the 
analysis. Mixing different research methods might be a viable solution to overcome 
these problems of complexity and can be beneficial rather than contradictory [4]. We 
believe that the combination of two qualitative approaches, activity theory [5,6,7] and 
Grounded Theory [8,9,10,11,12] is suitable to address these issues. An approach or the 
combination of approaches that enables one researcher to focus on multiple users and 
their collaborative behaviour is needed. Grounded Theory is commonly used to examine 
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group behaviour and drawing from our previous experiences, Grounded Theory will be 
the primary method in our study. In our opinion, no other existing qualitative ap-
proaches have been found to be applicable to easily uncover collaborative aspects of an 
interface and amongst users, except Activity Theory [7]. Furthermore, the three levels 
that constitute Activity Theory, activities, actions and operations [7], have frequently 
occurred during analysis of the data collected from the study conducted in 2007 [13]. 
Therefore, it seems worthwhile to test the combination of Grounded Theory and Activ-
ity Theory to investigate multiple user remote tabletop collaboration.  

The paper is structured as follows: The theoretical background introduces the two 
qualitative approaches, Activity Theory and Grounded Theory and explains the key 
elements of each. After having outlined the theoretical concepts of the approaches, the 
analytical process will be explained step-by-step to illustrate how the combination 
yields useful results. This is followed by a discussion of the findings reflecting the 
insights gained by combining the approaches. Suggestions regarding the improvement 
to the user interface of a collaborative system will be given. Finally, we conclude, 
summarize and discuss future research.  

2   Theoretical Background 

Mixing research methods in HCI to gain a deeper understanding regarding remote 
collaboration and the way technology is used, has been found to yield more in-depth 
and reliable results [14]. Using a single approach to study a complex phenomenon or 
interaction tends to only focus on a certain aspect with the danger that other elements 
not given the same level of focus but nonetheless equally important may easily be 
missed out [15]. In this section we will discuss the ideal use of activity theory and 
Grounded Theory and how they have been combined to study remote tabletop col-
laboration of mixed presence groups1.  

2.1   Activity Theory 

Originally, Activity Theory is a cultural-historical theory founded by a group of revo-
lutionary Russian psychologists Vygotsky, Rubenshtein, Leont’ev and Luria [7] in the 
beginning of the 20th century. It is a theoretical framework rather than an analytical 
technique. Its interest is the explanation of social and cultural work practices by relat-
ing them to the cultural and historic context in which the activity is being performed 
[16]. These two aspects are vaguely explained within the framework. The historical 
context could be understood as the temporal and developmental process of interac-
tion. The collaborative context might refer to the actual interaction, taking place be-
tween the user and the system, as well as between and among users. Activity Theory 
gained popularity as an approach in HCI in the nineties [5, 16, 17]. Designers had 
difficulties identifying the nature of users problems with the system and this approach 
helped them to focus on the end-users’ activities, actions and operations [5, 7, 16, 17]. 
Consequently, designers and researchers were able to study, deduce and interpret 

                                                           
1 The term mixed presence group refers to mixed presence groupware, which indicates that co-

located and remote users working over a shared visual workspace in real time [23].  
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concepts of users’ needs. The user should be considered within a historical and col-
laborative context.  

Activities, actions and operations are the three levels of activity theory [18]. These 
levels imply four basic principles [6]. Firstly, a hierarchical structure: activities in-
clude actions and actions require operations. Activities have motives and can be un-
derstood as series of actions. Actions are goal-oriented and part of activities. The goal 
is to finish the activity. Thirdly, operations are executing actions. When users start to 
work with a system they have to get used to the system. So, actions are carried out 
consciously, over time these become unconscious actions, so called operations.  

The second basic principle refers to object-orientedness. Living in an object-
oriented world indicates that we interact with objects and these have certain natural 
properties as well as cultural and social ones. Assuming that a remote tabletop also 
has such properties gives reason to conclude that social interaction in either co-
located or remote collaboration might be influenced by these properties. The third 
basic principle is internalization and externalization of activities. However, it is diffi-
cult to determine and distinguish between internal and external activities, because 
activities constantly transform from internal to external [7]. The last basic principle 
[6] refers to the activity as mediated by tools and these tools are transformed during 
the development of the activity. Activity theory is based on these principles and un-
derstood as a conceptual framework that helps to identify actions and interaction with 
artifacts within a historic, cultural and social context. Bødker [19] points out that the 
interface can only be understood through its use in a real context and users should be 
analysed within the context of development. Further, the interface only becomes visi-
ble and evident when problems with the interface occur. We claim that the interface 
also becomes evident and visible when social interaction takes place among users 
interacting with the system and each other, as activities are part of social interaction.  

2.2   Grounded Theory 

The use of Grounded Theory in HCI is not uncommon, however, its use and validity 
has been criticized [20, 12]. Traditional research relies on literature, theoretical back-
ground and formulated hypothesis [21]. We believe that preconceived hypothesis 
and/or theories might hinder us from finding key concepts and hidden structures of 
interaction which may inadvertently be revealed if approached without preconcep-
tions. Grounded Theory is an inductive approach that investigates cases as a whole 
and a theory emerges from the case data by analyzing it thoroughly using three coding 
steps as considered below. Variables, as referred to in quantitative studies are classi-
fied and labeled as codes, categories and concepts in Grounded Theory. Exploring 
and understanding the interrelationship between categories and concepts (theoretical 
sensitivity) is one of the main analytical processes of this approach [8, 10, 22].  

Analysing data can be complex and time-consuming. Using Grounded Theory 
means that data has to be reduced and fragmented by means of three coding proc-
esses: open coding, axial coding and selective coding. The researcher starts to reduce 
and fragment data by identifying, naming, describing and categorizing the data.  
Having established codes and categories helps the researcher to relate codes, and 
categories. This process is called axial coding and is a combination of inductive and 
deductive thinking [9, 10, 21, 22]. From the reduced data a central concept will 
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emerge. Choosing, finding or identifying this one core concept and relating all the 
other categories to this specific one, is understood as selective coding [22]. These 
insights emerge from analyzing case data which can be found in memos, or short 
documents by the researcher, his/her field notes or code notes (theoretical notes) made 
additionally to the coding processes.  

In the next section we will describe how we combined and applied these two ap-
proaches and gained useful results.  

3   Methodology 

3.1   Data Source and Collection 

The data analyzed in this study was collected from three video recordings of three 
mixed presence groups. In June 2008 we conducted a formative experiment of mixed 
presence groups performing a collaborative writing task over a remote collaboration 
tabletop. A mixed presence group existed of four participants, with two co-located 
users at each location A and B (see Figure 1).  

 

Fig. 1. Snapshot from Video 2 (Group 2): Remote tabletop collaboration of mixed presence 
groups 

The co-located group A had to collaborate with the other co-located group B over 
the shared visual workspace using an audio/video link. A digital pen and a keyboard 
for direct interaction have been provided at each desk location. Participants of this 
study were researcher from the University of Surrey (UniS) and engineers from 
Thales Research & Technology UK (TRT UK). 

Before the two groups met virtually, each co-located group had to write a story co-
located using the same tabletop groupware. The audio/video link was turned off and 
the same interaction tools had been provided. Both co-located groups had to write a 
story based on the same pictures within 30 minutes.  

The task of the remote session was to merge these two stories together and produce 
one new story within the same time frame. The pictures provided in the co-located 
sessions have been displayed, as well as the two documents with the stories. In order 



316 C. Rivers, J. Calic, and A. Tan 

to write the story using the keyboard and or digital pen the users had to share a word 
processing application. The commands cut and paste were not allowed.  

All sessions have been recorded and field notes have been taken during the ex-
periment referring to the social interaction of the users and their interaction with the 
system. We were interested in how the remote tabletop system hindered or facilitated 
collaboration of mixed presence groupware in order to deduce design criteria. Our 
analysis is based on the three video recordings and the field notes that formed the 
main case data.  

3.2   Combining Activity Theory and Grounded Theory 

Initial observations of the data showed that the collaborative writing task prompted 
users to structure the task. All three mixed presence groups proceeded in the same 
way; starting with planning, moving on to brainstorming and then producing. These 
steps have been identified as activities. Altogether, 46 video sequences have been 
extracted from the main data, which referred to these activities.  

As stated earlier in this chapter, activity theory is based on three levels: activities, 
actions and operations. Approaching the data in an open manner, which is one of the 
fundamental ideas of Grounded Theory allowed for recognizing the emergence of 
activities instead of forcing activities to exist. Emergence rather than constrain is a 
very important feature of Grounded Theory. Having identified activities at the highest 
level, the next step is to investigate each activity separately and in-depth as illustrated 
here. During the activity Planning users carried out verbal and nonverbal individual 
actions and verbal and nonverbal collaborative actions as previously found in the 
dyadic remote groups analysed by means of Grounded Theory and qualitative content 
analysis [13]. The actions found during this activity have been categorized as seeking, 
viewing and preselecting. The goal of each action was to finish the activity of Plan-
ning. Executing these actions to achieve the goal has been defined as operations, 
which revealed the codes; see Table 1. 

The activity brainstorming included two actions reviewing and selecting. In order to 
accomplish these, different operations have been carried out, as presented in Table 1. 
The same actions have been found to be applicable for the last activity producing. The 
processes of open and axial coding showed that additionally to operations, which are 
executing actions, cognitive processes take place. So, carrying out operations requires 
users’ cognitive abilities. Based on these insights and memos used during the process 
of selective coding a central concept has been deduced: the existence of cognitive 
group abilities. Group cognition is understood as a process and is an outcome of group 
interaction. As groups are informative-processing units [26], group cognition can be 
described as the transmission of group-relevant knowledge and understood as a shared 
mental model. Unfolding group cognition can help the researcher to understand multi-
ple users’ interaction in a remote tabletop environment better, hence improving exist-
ing systems as a response to the users cognitive needs.  

In this study, cognitive group abilities in remote tabletop collaboration has been found 
to be important in all of the video recordings analysed. Furthermore, we were able to 
establish the links between cognitive group abilities and pertinent actions and activities. 
Five cognitive group abilities have been identified as fundamental during remote tabletop 
collaboration: acquiring knowledge, categorizing information, associating information, 
creating meaning of information and drawing conclusions of information.  
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Table 1. Activities, Actions and Operations emerged from Group Interaction Tables 

Activities  Actions (Categories) Operations (Codes) 
Planning 
 

Seeking 
Viewing 

Opening documents from file list, using digital 
pen 

 Preselecting Moving documents using digital pen 
  Arranging documents in high resolution area to 

read them both at the same time, using digital 
pen 

  Reading documents 
  Sharing document with word application 
  Asking if other group has read document 

Asking if they had the same information to write 
the story 

  Assigning roles: negotiating writer  
Brainstorming 
 

Reviewing 
Selecting 

Suggesting ideas  
Scribbling notes with pen on notepad 

  Repeating content 
  Opening documents 
  Pointing at information in documents with hand 
  Pointing at information in document using the 

pen  
  Using hand to express ideas 
Producing 
 

Reviewing 
Reselecting 
Editing 

Pointing at information in document using whole 
hands  
Discussion about keeping content and changing 
content by pointing at information in documents  

  Searching document for information using finger 
or pen 

  Using index finger to point at information in 
document 
Partner uses cursor of pen to translate action 

  Taking pen from co-located partner to edit 
document 
Giving pen to co-located partner to edit docu-
ment 
Writer using keyboard to edit document 
Co-located partner takes keyboard to edit docu-
ment  

  Underlining part of information to show changes 
or important information 

  Moving documents to find information 
Moving documents to be involved (using pen) 

  Giving writing control function to other team  

 
Developing a theory. Further examination of the data and in particular,  focusing on 
the core concept revealed that cognitive group abilities were not always supported by 
the remote collaboration system, thus affecting the collaborative behaviour of both 
co-located and remote groups. Affects to co-located and remote collaborative behav-
iour has been found to occur either as an act of including the other remote group or 
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excluding the other remote group. We also wanted to understand to what extent the 
collaborative behaviour of mixed presence groups has been influenced if the system 
does not support cognitive group abilities.  

Four types of collaborative behaviour have been determined within our theoretical 
scheme: excluding co-located collaborative behaviour, excluding remote collaborative 
behaviour, including co-located collaborative behaviour, including remote collabora-
tive behaviour. At this point it seemed to be interesting to know how often each type 
occurred during remote tabletop collaboration. For this purpose the findings qualita-
tive results have been quantified by means of analysis of frequency, see Table 2. 

Table 2. Analysis of Frequency of four types of collaborative behaviour 

Collaborative Behaviour Abbrev. Type Frequency 
Including remote collaborative behaviour Ic re 1 22 
Including co-located collaborative behaviour Ic co 2 1 
Excluding remote collaborative behaviour Ex re 3 28 
Excluding co-located collaborative behaviour Ex co 4 1 

 
The two types, including and excluding co-located collaborative behaviour did not 

occur frequently during remote collaboration and have therefore been not included in 
further analysis. Interestingly, type 3 occurred more often than type 1, which indi-
cated that the remote group has been excluded more often than included.  

Focusing on the two most frequently occurring types showed that these two types 
took place one after another. We posit the theory that the collaborative behaviour of 
mixed presence groups in remote tabletop collaboration continuously transits from 
excluding remote collaborative behaviour to including remote collaborative behaviour 
and from including remote collaborative behaviour to excluding remote collaborative 
behaviour depending on the cognitive support a system has been designed to assist. In 
order to validate this theory comparative analysis has been applied for all three cases 
(video recordings) focusing on the structure of transition, which revealed that all 
video recordings reflected the same phenomenon. Moreover, post ante personal inter-
action showed that some of the participants constantly felt excluded and included at 
the same time during remote collaboration. These answers confirm the developed 
theory regarding the existence of excluding and including collaborative behaviour and 
also show that combining Grounded Theory and Activity Theory can help to under-
stand the both levels of interaction human-human interaction and human-computer 
interaction. Furthermore, it helps to unfold different levels of the collaborative proc-
ess: activities, actions, operations and the requirement of cognitive abilities. 

4   Discussion of Findings 

Our findings showed that users’ cognitive abilities needed to be supported during 
remote tabletop collaboration. This can be achieved by incorporating an information 
management tool. Such an information management tool should enhance individual 
users’ during the activities of brainstorming and producing as well as supporting the 
actions needed to accomplish the activities, individually and collaboratively at the 
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same time. More importantly, an information management tool should support the 
cognitive group abilities of acquiring knowledge, categorizing information, associat-
ing information, creating meaning of information and drawing conclusions of infor-
mation. If these cognitive group abilities are not supported by the system the  
co-located group A excludes the remote group B even if the intention of the co-
located group A is to include the other remote group B. A theoretical framework of 
such an intelligent information management tool has been introduced by [13], called 
the InfoManager. Although, this idea of an intelligent information management tool 
has been mooted based on Activity Theory, the concept of object-orientedness has to 
be taken into account. Other findings of this study showed that users used different 
tools during certain activities. During the activity planning users interacted with the 
interface using the digital pen and the video link, whereas during brainstorming only 
the video link seemed to be important. The provided keyboard has mainly been used 
in conjunction with the digital pen during the activity production. This implies that a 
collaborative information management tool should allow users to use multiple and 
different kinds of direct and indirect interaction devices during remote tabletop col-
laboration. Moreover, this indicates that a remote tabletop groupware that facilitates 
multiple users input is highly eligible.  

5   Conclusions 

The presented study revealed that combining two qualitative approaches, Activity 
Theory and Grounded Theory, yield interesting results regarding the improvement 
and development of collaborative user interface design. We introduced the analytical 
thinking processes involved by the individual and combined approaches, presented 
the findings that emerged as result of the new combined method of analysis, and gave 
suggestions how to use findings, and lastly, how to improve the interface. The main 
finding was that mixed presence groups in remote tabletop collaboration transit be-
tween including and excluding remote collaborative behaviour due to the fact that 
their cognitive group abilities are not supported by the system. We suggest imple-
menting an information management tool that facilitates cognitive group abilities of 
mixed presence groups in remote tabletop collaboration and explained how cognitive 
group abilities should be supported during remote tabletop collaboration. 

Although, combining these two approaches has proven to be useful, further re-
search is required to test the viability of this method specifically, using a larger sam-
ple of mixed presence groups. Additionally, implementing the proposed information 
management tool in an existing remote tabletop groupware would validate the out-
comes and further contribute to collaborative interface design research for remote 
tabletop groupware.  
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