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How do interactive tabletop systems influence collaboration? Stéphanie BUISINE a*, Guillaume BESACIER b, Améziane AOUSSAT a, Frédéric VERNIER b a



Arts et Métiers ParisTech, LCPI, 151 bd Hopital 75013 Paris, France {stephanie.buisine; [email protected]} * Corresponding author. Phone: +33.144.246.377 Fax: +33.144.246.359 b



LIMSI-CNRS and University of Paris-11, BP 133, 91403 Orsay Cedex, France {guillaume.besacier; [email protected]} Abstract: This paper examines some aspects of the usefulness of interactive tabletop systems, i.e. if and how these impact collaboration. We chose creativity methods such as brainstorming as an application framework to test several conditions, manipulating the nature of collaborative media: the use of penand-paper tools, the “around-the-table” form factor, the digital tabletop interface, the attractiveness of interaction styles. Eighty subjects in total (20 groups of 4 members) participated in the experiments. The evaluation criteria were task performance, collaboration patterns (especially the balance between each group member’s contributions), and users’ subjective experience. The “aroundthe-table” form factor, which is hypothesized to promote social comparison, increased performance and improved collaboration through a decrease of social loafing. Moreover, the attractiveness of the tabletop device improved subjective experience and increased extrinsic motivation to engage in the task. However, designing attractiveness seems a highly challenging issue, since overly attractive interfaces may distract users from the task. Keywords: Tabletop interfaces, Creativity, Brainstorming, Social loafing, Collaboration, Motivation 1. Introduction: Goal of the research In this paper we aim to explore a question sometimes raised by the market or by the general consumer, for whom the benefits of new fancy technologies are not always self-evident. More specifically, we intend to clarify what the benefits are of using an interactive tabletop device in a collaboration context, whether this changes the way people work together within a group, and if so, to what extent: in short, our study relates to characterizing the usefulness of interactive collaborative tabletop systems. Since scientific literature evaluating such technology provides insufficient answer to this issue, we built our own experimental program. To this end, we also reviewed research on group creativity in order to design the most adequate application framework. By means of two iterative experiments we isolated the influence of several features of tabletop systems and relied on social and cognitive psychology literature to interpret our results, provide avenues for future research as well as some design perspectives. 2. Tabletop devices and their evaluation Our goal is to evaluate interactive tabletop paradigm by measuring the benefits of this innovative device with regard to traditional collaboration situations. Tabletop systems are multi-user horizontal interfaces for interactive shared displays. They implement around-the-table interaction metaphors allowing co-located collaboration and face-to-face conversation in a social setting (Shen et al., 2006). 1
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Tabletop prototypes have been developed for various application fields such as games, photo browsing, map exploration, planning tasks, classification tasks, interactive exhibit medium for museums, drawing, etc. (Scott & Carpendale, 2006; Shen et al., 2006) they are now entering the professional arena, mainly as tools used in showrooms. An abundant literature on tabletop computing has developed in the recent few years, and already contains a large number of user studies addressing several issues related to tabletop interface evaluation. Regarding these evaluation studies, the following classification scheme can be proposed, depending on the goal of each study and on the kind of methods deployed: Ethnographic studies or user needs analyses: The main rationale behind this category lies in the methodological framework adopted, i.e. ecological observations and formalization of what happens when users are involved in tabletop activities. Such methods are characterized by minimal intervention on the part of the experimenter and by the concern of ensuring a realistic context of observation. Results are mainly used to inform the design of future systems: they do not exactly constitute evaluations because they take place either very early in the design process (e.g. task analyses on non-augmented tables or mock-up studies, see Kruger et al., 2004; Scott et al., 2004; Müller-Tomfelde et al., 2008) or very late in the process (after field deployment of systems, see Ryall et al., 2006; Wigdor et al., 2007; Hornecker, 2008; Mansor et al., 2008; Rick et al., 2009). Tabletop interface evaluation: A second category of user studies aims to evaluate design concepts, implementations, or applications. There are two ways of achieving such evaluations: the first one consists of user tests within an iterative design process, i.e. when one runs the application with potential or end users and collects the bugs, user experience, suggestions for improvement, system and user performance, etc. (for recent example, see Al Mahmud et al., 2007; Hilliges et al., 2007a; Lucero et al., 2007; Mazalek et al., 2007; Cao et al., 2008; Gabrielli et al., 2008; Jiang et al., 2008; Pinelle et al., 2008; Rick & Rogers, 2008; Vandoren et al., 2008; Vlaming et al., 2008; Wang & Maurer, 2008). The other solution for interaction evaluation consists in comparing several design solutions in order to make an informed decision for development. Because of the comparison protocol we term these studies experiments rather than user tests (see e.g. Ringel Morris et al., 2006a; Ringel Morris et al., 2006c; Collins et al., 2007; Koike et al., 2007; Leithinger & Haller, 2007; Block et al., 2008; Jun et al., 2008; Kray et al., 2008; Marshall et al., 2008; Sato et al., 2008; Pinelle et al., 2009). Tabletop paradigm evaluation: In this category we include experimental studies comparing the realization of the same activity on a tabletop system and on a given control condition (e.g. traditional desktop systems, interactive boards, pen-and-paper, etc). Although the two aforementioned categories (ethnographic studies and interface evaluations) enable researchers and practitioners to gain an increasingly detailed picture of user experience in tabletop interface use (e.g. effectiveness, usability, pleasantness, enjoyability of interaction, etc.), evaluating the usefulness of these systems remains a key issue. It can be addressed only via a comparison of a tabletop with alternate traditional tools to identify, and possibly quantify and understand its benefits and drawbacks with respect to other interaction and collaboration media. There are very few studies of this kind. For example, Rogers and Lindley (2004) reported on positive effects of a tabletop interface compared with a wall display or a computer screen in the context of a collaborative task: they observed more interactions and more role changes (visible as circulation of the input device within the group) in the tabletop condition. Such a result is highly 2
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encouraging since the authors were not able to take full advantage of all technological features available in tabletop systems today: for example Rogers and Lindley’s device allowed only a single touchpoint (by means of a stylus shared by group members) and a single viewpoint (participants seated side by side, and not face to face). Concerning another issue, Morris et al. (2007) compared how an active individual reading task (Involving reading, annotating and summarizing) was carried out on 4 different devices: paper, desktop, tabletop and tablet. The tabletop device showed several benefits related to the use of bimanual interaction which was very relevant for the task at hand (e.g. scrolling and writing at the same time) and also several drawbacks, such as the horizontal surface which was not appropriate for this task and caused discomfort to many users. The collaborative nature of the tabletop was not involved in this study since it focused on an individual task. Finally, Rogers et al. (2009) investigated several conditions of interface accessibility and tangibility by experimenting three collaboration devices: a shared laptop with a single mouse, a multi-user tabletop and a physical-digital setup (multiuser tabletop + RFID-enabled tagged objects). The laptop condition gave rise to more verbal participations. Regarding equity of contribution between the three group members, there was no significant difference in equity of verbal contributions between the three conditions; however the laptop condition resulted in larger differences in physical contribution. This can be explained by the fact that in the laptop condition there was only one entry point for all group members (i.e. one mouse to share) whereas in the tabletop and physical-digital conditions all group members could interact directly with the task material. In the present study we wish to compare the realization of the same collaborative task on a tabletop interface and in several control conditions in order to identify and understand the influence of such a device on task performance, on collaborative behavior of participants, and on their subjective experience. Since existing literature has already demonstrated the positive role of multiple entry points for collaboration (Marshall et al., 2008; Rogers et al., 2009), we did not find it relevant to consider a control condition with a single entry point for the group. We chose to compare the use of a digitally-augmented tabletop with a traditional pen-and-paper condition (which is multi-user and still constitutes a reference situation for group meetings) and explore the effects of two other important features of interactive tabletops: the form factor, which enables people to sit around the table and notably face-to-face, and the attractiveness of the device, which we believe is likely to increase users’ involvement in the task. A collaborative creativity task seemed particularly relevant to provide a context for these experiments, as explained below. 3. Group creativity as an application framework In this section we will show that tabletop systems – which are expected to support collaboration by providing sharing and visualization facilities while emphasizing the social nature of collaboration – appears to meet the requirements of creativity process. Creativity is the ability to produce work that is both novel and appropriate (Sternberg, 1998). It is a high-level cognitive process which has given rise to researches in various scientific fields: Psychology tries to understand its mechanisms (Csikszentmihalyi, 1996; Sternberg, 1998; Runco, 2004), Industrial Engineering intends to operationalize this knowledge and transfer it to professional problem solving activities (Osborn, 1953; Isaksen et al., 2000; VanGundy, 2005), and Human-Computer Interaction designs computer tools to support this process (Shneiderman, 2000; Candy & Hori, 2003; Farooq, 2005; Shneiderman et
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al., 2006). Creativity has a societal and economic importance since is leads to scientific and industrial innovation. One of the most popular ways of stimulating creativity is group brainstorming: although creativity fundamentally remains an individual capacity, many collective creativity phenomena have been demonstrated in such settings. For example, cognitive stimulation (i.e. exposure to other participants’ ideas) has proven to enhance idea generation in individuals (Dugosh et al., 2000; Nijstad et al., 2002; Dugosh & Paulus, 2005). Moreover, social comparison (i.e. the possibility to compare one’s own performance to the others’) was shown to be a source of motivation for brainstorming participants and to improve idea generation (Harkins & Jackson, 1985; Bartis et al., 1988; Paulus & Dzindolet, 1993; Dugosh & Paulus, 2005; Michinov & Primois, 2005). A major shortcoming of classical “oral” brainstorming sessions is the necessity of managing speech turns: each participant has to wait for his turn to give an idea, and only one idea can be given within a turn. However, it was demonstrated that ideas do not come one by one but rather by “trains of thought”, i.e. by automatic and rapid accumulations of semantically related ideas (Nijstad et al., 2003). Oral brainstorming therefore interferes with the cognitive process of idea generation in several ways: due to coordination needs and time constraints, participants have to rehearse some of their ideas, which stops further idea generation and prevents them from listening to the ideas of others; alternately, participants may select the ideas they will give to the group, which implies a selfcensorship that should be ruled out (Osborn, 1953). These phenomena observed in verbal brainstorming sessions are referred to as “production blocking” (Diehl & Stroebe, 1987; Nijstad et al., 2003; Michinov & Primois, 2005). One simple way of counteracting production blocking is to prompt participants to write or sketch their ideas between two speech turns. Such procedures, with minor variants, can be referred to as brainwriting (Isaksen et al., 2000; VanGundy, 2005) , brainpurge (VanGundy, 2005), the KJ method (Ohiwa et al., 1997; Scupin, 1997), etc. The field of computer-supported creativity has been subject to growing interest. Existing software solutions can be categorized into three approaches (Shneiderman, 2000): inspirational tools (e.g. favoring visualization, free association, or sources of inspiration), structural tools (e.g. databases, simulations, methodical techniques of reasoning), and situational tools (e.g. based on the social context, enabling peer-consultation, or dissemination). Lubart (2005) adopted a classification based on the role played by the computer in the creative process: systems assisting the user in the management of creative projects (computer as a nanny), systems supporting communication and collaboration within a team (computer as a pen-pal), systems implementing creativity enhancement techniques (computer as a coach) and systems contributing to idea production (computer as a colleague). It appears that tabletop shareable interfaces are likely to support cognitive stimulation and social comparison in the context of creativity sessions. Creativity-supporting tabletop applications would fall within the scope of both inspirational and situational tools (Shneiderman, 2000) and play the part of both pen-pals and coaches (Lubart, 2005) in the creative process. Such applications have been developed previously (Streitz et al., 1999; Warr & O’Neill, 2006; Hilliges et al., 2007b) but their actual benefits have not been measured experimentally. The study by Hilliges et al. (2007b) is noteworthy since it compared a digital brainstorming application composed of an interactive table and a wallmounted display to their pen-and-paper counterparts. The results showed no difference in task 4



Buisine, S., Beascier, G., Aoussat, A., Vernier, F. (submitted). How do interactive tabletop systems influence collaboration? International Journal of Human-Computer Studies.



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65



performance between the two conditions but subjective evaluations were globally favorable to the digital condition. However, since the application involved both a tabletop and a wall-mounted display in all conditions, it was not possible to distinguish the respective benefits of each device within the results. 4. Overview of the experiments Our aim is to understand if and how interactive tabletop systems improve collaboration. We chose to experiment this issue in the framework of group creativity activities (brainstorming on sticky notes and mindmapping) since they require information sharing and a designated social setting. The variables examined were related to three evaluation criteria: task performance, collaborative behavior, and subjective experience. Our research program included two steps: for the first experiment we found it important to compare the use of an augmented multi-user tabletop system to the reference situation of creativity sessions which relies on pen-and-paper tools and takes place in front of a paperboard (see also Hilliges et al., 2007b). The results led us to formulate hypotheses related to tabletops’ form factor (“the social nature of the setup is likely to improve collaboration”) and to attractiveness of the device (which we have chosen to implement through innovative interaction styles). Accordingly we designed the second experiment to complete the picture with a new control condition consisting of a pen-andpaper session around a non-augmented table and a digital tabletop condition enriched with more targeted and more attractive interaction styles. 5. EXPERIMENT 1 5.1. Participants 12 groups of 4 participants, i.e. 48 users in total, were involved in this first experiment. Every group included students, teachers and/or staff members from our university. Groups composed of students only were excluded in order to avoid excessive familiarity among participants and to simulate the conditions of creativity sessions in a more realistic fashion. Overall, our users were 33 students, 6 teachers and 9 staff members, 27 men and 21 women, aged 20 to 53 years (mean=27.9, SD=7.7). 5.2. Materials For the interactive tabletop condition, we used a 88-cm MERL DiamondTouch device (Dietz & Leigh, 2001): participants were seated around the table and interacted with finger-input on the display. The experimenter, who also played the role of session facilitator (delivering the instructions, managing speech turns, ensuring that sessions remained focused, etc.), sat aside on a highchair. In the control condition participants were seated in front of a paperboard with the experimenter standing beside it (i.e. the reference situation for creativity sessions) and were all equipped with sticky notes and marker pens. We tested two creativity tools in those conditions: a Brainpurge on sticky notes (VanGundy, 2005) and a Mindmap (Buzan, 1991). These two methods are based on associative logics and belong to the divergent thinking paradigm (Runco, 2004). In both cases participants were asked a general question: during the Brainpurge ideas are written down by each participant on sticky notes, then shared and collectively sorted in order to bring out categories of ideas. In the Mindmap, ideas are 5
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generated orally by the participants, written down and organized by the facilitator in the form of a tree: the initial question in the center, first-level associations as branches, second-level associations as leaves, etc. (see Buisine et al., 2007 for more details). Figure 1 illustrates these tools in our two experimental conditions. 5.3. Implementation The digital tabletop creativity applications were implemented using the DiamondSpin toolkit (Shen et al., 2004). In the tabletop Brainpurge, each user created his notes using a personal menu located on the edge of the table closest to him. The user can edit his notes (using handwriting, drawing, or typing in on a virtual keyboard), move, rotate, delete, resize, or miniaturize them. Miniaturization consists in pressing a button to instantly shrink a note down to minimal size. It also represents a (reversible) validation operation, since the note is no longer editable when shrunk down (this enables users to manipulate notes without writing on them). The default spatial orientation of notes is different in the generation and categorization stages (see Figure 1): in the generation stage, virtual notes cannot be moved out of each participant’s personal area and their default orientation is centered on their author (i.e. on a virtual point located outside of the table); in the categorization stage, notes are movable on the whole display area and default orientation always faces the tabletop’s nearest edge. The categorization stage is then launched by the experimenter. Users can write directly on the table background, e.g. to define the boundaries of zones located on the table surface, and label idea categories.



Paperboard Brainpurge



Tabletop Brainpurge: Idea generation (left) and idea sorting (right)



Paperboard Mindmap



Tabletop Mindmap



Figure 1. The creativity tools (Brainpurge and Mindmap) in the two experimental conditions (paperboard and digital tabletop).



The tabletop Mindmaps are built top-down from the root label (this label is duplicated and the copy is rotated upside-down to be readable by all four users) by using double-tap-and-drop actions 6
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to create new nodes. All users can create or move nodes but edition of these nodes must be consensual. Therefore, text input is only allowed from a single source (a physical wireless keyboard) which is managed by the facilitator (see Buisine et al., 2007). Nodes of the hierarchy can be freely relocated on the table, and sub-hierarchies follow their parent nodes. Node orientation is constrained: first-level nodes always face the closest outside edge of the table and second-level nodes always have their back facing their parent node. Users can also rotate the whole display to change the view without changing the arrangement of the hierarchy. 5.4. Procedure Each group carried out two short creativity exercises successively: one in the pen-and-paper control condition and one in the digital tabletop condition. Counterbalancing of conditions and topic assignment (what the creativity exercises were directed toward) is shown in Table 1. The topics addressed (Packaging, Television programs, Leisure, Mass media) simulated situations of new business creation, market search for a new technology, etc. These topics were intentionally general, so as to allow for broadly equivalent exploration in terms of both level of abstraction and of width of scope. The typical question for starting the Brainpurge was “What kinds of packaging (resp. television programs) do you know?” and the one question in the Mindmap was “What does the field of leisure (resp. mass media) make you think of?” All exercises had to be achieved within a limited timeframe (8 min. for idea generation in the Brainpurge, 10 min. for idea categorization in the Brainpurge, and 10 min. for the Mindmap). Group ID 1 2 3 4 5 6 7 8 9 10 11 12



Tabletop condition Paperboard condition Creativity tool used: the Brainpurge Television [#1] Packaging [#2] Packaging [#1] Television [#2] Television [#1] Packaging [#2] Packaging [#2] Television [#1] Television [#2] Packaging [#1] Packaging [#2] Television [#1] Creativity tool used: the Mindmap Media [#1] Leisure [#2] Leisure [#1] Media [#2] Media [#1] Leisure [#2] Leisure [#2] Media [#1] Media [#2] Leisure [#1] Leisure [#2] Media [#1]



Table 1. Definition, for each the 12 participant groups, of the creativity tool used (Brainpurge or Mindmap), the topics addressed (industrial sectors of Packaging, Television programs, Media, and Leisure) in each condition (digital Tabletop and control Paperboard) and their order (in square brackets: half of the groups performed the Tabletop condition first, and half performed the Paperboard condition first).



The tabletop condition was preceded by a familiarization stage where the interface’s functionalities were demonstrated to the participants. Both tabletop and paperboard conditions were video-recorded. At the end of the experiment, users had to fill in a questionnaire to assess the following variables on 7-point Likert scales: ease of use, effectiveness and pleasantness of use of each device (paperboard and tabletop system); ease of use, effectiveness and pleasantness of communication in each condition; ease of use, effectiveness and pleasantness of group work in each 7
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condition. Furthermore, users were particularly prompted to make qualitative comments at their leisure. The whole experiment lasted about 1 hour for each group. 5.5. Data collection Three kinds of variables were collected: Performance criteria: all groups’ ideas on the same topic were aggregated; each group’s production was expressed as a percentage of this reference production. This index accounts for quantity of ideas generated by each group, considered in creativity research, to be correlated to idea quality (Parnes & Meadow, 1959). This was the only performance index for the Mindmap exercise. For the Brainpurge, two independent judges also carried out a meta-categorization of the aggregate in order to analyze each group’s performance in the categorization stage. We built a dual index (partly inspired by Nijstad et al., 2002) accounting for both the width (number of meta-categories addressed) and depth (number of categories in each meta-category) of each group’s categorization. Each group’s final categorization performance was expressed as a percentage of the aggregate’s meta-categorization. Collaborative behaviors: Contrary to the performance criterion (considered at the level of the group in creativity sessions), collaboration was analyzed for each participant (individual contributions to the task). We manually annotated the following behaviors from the videorecordings of the sessions: assertions (e.g. giving an idea), information requests (e.g. requesting a clarification about an idea), action requests (e.g. asking a participant to “send a note over”), answers to questions, expression of opinions, communicative gestures related to the task, and off-task talk. The “communicative gestures” variable includes for example pointing to an item, moving a note, interrupting someone or requesting a speech turn by a gesture, which can be observed in both conditions (control paperboard and digital tabletop conditions). In the tabletop condition, it also includes gesture-inputs on the table, with the exclusion of note creation / edition / suppression actions, which were not considered as communicative gestures. We analyzed the raw behavioral data for each participant, then converted them into percentages in order to assess his contribution to the group task. Finally we calculated the difference between each participant’s actual contribution and a theoretical perfectly-balanced pattern (25% contribution from each one of the 4 participants). Subjective data: Likert scale results of the questionnaire were analyzed quantitatively and free comments were analyzed qualitatively. 5.6. Results Statistical analyses were performed by means of ANOVAs using SPSS. No significant effect of the condition (control paperboard and digital tabletop) appeared on any of our performance indices: production index for the Brainpurge (F(1/5)=0.76, NS), categorization index for the Brainpurge (F(1/5)=2.13, NS), production index for the Mindmap (F(1/5)=0.92, NS). With regard to collaborative behaviors, the variables “expression of opinion” and “off-task talk” comprised too many missing values to be analyzed. Other raw behavioral data showed no significant difference in the absolute number of any of the variables, except for the communicative gestures category: tabletop led to more communicative gestures than the control paperboard condition (Brainpurge: F(1/23)=3.87, p=0.062; Mindmap: F(1/23)=3.59, p=0.071). Analysis of collaboration 8
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patterns showed that participants’ verbal contributions (sum of all behaviors but communicative gestures) were significantly better balanced in tabletop than in paperboard condition (Brainpurge: F(1/23)=7.93, p=0.01; Mindmap: F(1/23)=7.35, p=0.013) – i.e. they were significantly closer to the theoretical perfectly-balanced pattern. This result is also found on certain sub-variables: in the Brainpurge for information requests (F(1/23)=6.25, p=0.02) and answers to questions (F(1/23)=3.16, p=0.089). Finally, the same result arose for communicative gestures: they were significantly betterbalanced in the tabletop condition than in the paperboard condition (Brainpurge: F(1/23)=12.29, p=0.002; Mindmap F(1/23)=8.94, p=0.007). The results of subjective data are contradictory between the Brainpurge and Mindmap exercises. For the Brainpurge, the use of pen and paper was evaluated as easier (F(1/23)=8.41, p=0.01) and more efficient (F(1/23)=6.27, p=0.023) than use of the digital tabletop. According to the comments added by users this result can be mainly attributed to the size of the table, which proved too small for four users manipulating more than a hundred notes at the same time. The other variables examined (pleasantness of use; ease of use, effectiveness and pleasantness of communication; ease of use, effectiveness and pleasantness of group work) showed no significant difference between tabletop and paperboard conditions. For the Mindmap exercise, the tabletop was rated as significantly more pleasant to use (F(1/23)=10.43, p=0.004), allowing a more pleasant communication between participants (F(1/23)=5.01, p=0.037), more efficient group work (F(1/23)=3.56, p=0.074) and more pleasant group work (F(1/23)=4.23, p=0.053). There was no significant effect of the condition (control paperboard or digital tabletop) on ease of use (F(1/23) 
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