Integrating Visualization Techniques in Groupware Interfaces:

Implications for collective awareness

First author:

Mohamed Daassi

CERAG Laboratory, CNRS–UMR 5820

University of Grenoble (France)
150, rue de la Chimie, BP 47 – 38400

mohamed.daassi@upmf-grenoble.fr
Phone : +33 (0)6 13 42 04 34

Fax: +33 (0)4 76 54 60 68

Second author:

Chaouki Daassi

CLIPS-IMAG Laboratory, IIHM Team

University of Grenoble (France)

BP 53, 38041 Grenoble Cedex 9 

chaouki.daassi@imag.fr
Phone: +33 (0)4 76 51 44 40

Fax: +33 (0) 4 76 44 66 75
Third author:

Marc Favier

CERAG Laboratory, CNRS–UMR 5820

University of Grenoble (France)

Cidex 518A, 38330 BIVIERS

marc.favier@iut2.upmf-grenoble.fr
Phone: +33 (0)6 84 49 70 56

Fax: +33 (0)4 76 51 35 47 

Integrating Visualization Techniques in Groupware Interfaces:

Implications for collective awareness

Abstract

This paper discusses whether visualization techniques can enhance collective awareness. To do so, we give an overview on the notion of collective awareness. Based on a review of the literature, we distinguish seven dimensions of collective awareness. We propose to decline these awareness dimensions into ergonomic properties which are considered as constraints the visualization technique should respect. Then, we present examples of visualization techniques and show how they did improve collective awareness within a collaborative system.  Finally, we conclude and present our future work.
introduction

Problems attributed to uncertainty and a lack of visibility about others’ activities and behaviors have led designers of multi-users interfaces to develop so called awareness mechanisms (Dourish & Bellotti, 1992). The importance of maintaining awareness in virtual environment has been outlined in many studies in CSCW and HCI research areas. According to Gutwin et al (1996), awareness reduces the effort needed to coordinate tasks and resources by providing a context in which to interpret utterances and to anticipate other’s actions.
For many years, a significant effort was devoted to explore how computer-based technologies might facilitate some kinds of awareness among and between interdependent actors. These studies tried to solve technical problems related to providing awareness through multi-users interfaces. Unfortunately, however, the expected benefits from these technologies never materialized (Schmidt, 2002). This paper focuses on the design of visualization techniques for collective awareness. It proposes a design approach of visualization techniques centered on the semantic of collective awareness and human characteristics (ergonomic design).
This paper is organized as follows. First, we present users’ needs when interacting through multi-users interfaces. Second, we give an overview of the notion of awareness by reviewing its different categories. Third, we present an ergonomic design approach of awareness visualization techniques. We illustrate our approach with examples of techniques from literature and show how these techniques support collective awareness. Finally, we conclude with some future directions.
multi-users INTERFACES: what users need

Interacting through groupware interfaces seems to become a necessity in the networked economy. Yet for all their power and benefits, groupware systems can’t replace the richness of interaction between collocated persons. In fact, groupware users face greater obstacles than traditional workers do. Adequate human behavior requires awareness of the overall situation of the involved persons and work objects. In virtual environment, users may need to actively monitor others’ activities to keep informed about their joint work. According to Wilson (2003), in face-to-face context, co-workers can depend upon voice levels, smiles, and raised eyebrows to determine whether they are being understood. However, computer-mediated environment do not offer these nonverbal cues-which in turn can increase uncertainty about other’s activities and behaviors, and one’s feeling of isolation.

Computer-mediated communication environments are characterized by limitation in time and space for accessing information and a lack of visibility of the work being carried on by the group. Moreover, it is difficult to convey or discern successful comprehension, current focus of attention or concomitant attitudes and affect (Carroll et al., 2003).

To become aware of other’s activities, the right type of information has to be available. According to Sohlenkamp (1998), the multi-users interfaces have to support different mechanisms to adequately present events to other users. In this way, information that answer the “who, when, why, where, and what” questions, regarding state changes, are basic requirements that enable users to work together more effectively.
collective Awareness: definition and taxonomy

Collective awareness has been defined in numerous ways, although many definitions don’t share a common foundation. Schmidt (2002) argues that awareness is “being used in increasingly contradictory ways… In fact, it is hardly a concept any longer”. In this paper we adopt the definition of Daassi and Favier (2005): “collective awareness refers to a common and shared vision of the whole team’s context which allows members to coordinate implicitly their activities and behaviors through communication”. This definition takes a heed of the previous definitions and recognizes both the automated and the human aspects of building collective awareness in virtual environment.

As a consequence of the multitude of definitions, there were several types of awareness that groupware systems addressed. Some of the presented types of awareness means the same requirements and can be coupled. The table below presents the different types of awareness information defined in the literature.

	Type of awareness
	Description

	Activity awareness
	Knowledge about the project-related activities of other group members (Steinfield et al., 1999). 

	Process awareness
	A sense of where members’ tasks fit into the stages of the project, what the next step is, and what needs to be done to move the process along (Steinfield et al., 1999).

	Availability awareness
	Knowledge about whether others are available to meet or participate in an activity (Steinfield et al., 1999). 

	Informal Awareness
	Basic knowledge about who is around in general (but perhaps out of site), who is physically in a room with you, and where people are located relative to you (Gutwin et al., 1996).

	Workspace awareness
	The collection of up-to-the minute knowledge a person uses to capture another’s interaction with the shared workspace (Gutwin & Greenberg, 2004).

	Social awareness
	Knowledge about the members, and especially about their social situation: what they are doing outside their context of work (Tollmar et al., 1996) & (Gutwin et al., 1996). 

	Group-structural awareness
	Knowledge about such things as people’s roles and responsibilities, their positions on an issue, their status, and group processes (Gutwin et al., 1996).


Table1. The different types of awareness

Some authors tried to classify the different types of awareness presented above (see Table 1). In the next table, we describe two taxonomies of awareness.

	Taxonomy of awareness elements
	Description

	Macro Vs. Micro

(Vertegaal et al., 1997)
	Macro-level awareness are forms of awareness which convey background information about the activities of others prior to or outside of a meeting.

Micro-level awareness are forms of awareness which give online information about the activities of others during the meeting itself.

	Task-oriented Vs. Social

(Prinz, 1999)
	Task-oriented awareness is awareness information that is focused on activities performed to achieve a specific shared task.

Social awareness includes information about the presence and activities of people in a shared environment.


Table2. Awareness taxonomy

Having presented an overview of collective awareness, now we focus on technical solutions proposed in literature to guarantee the awareness in collaborative systems. Many efforts explored the use of audio and video to keep users aware of each others. These techniques need appropriate hardware and software. New minimalist and low-cost techniques are proposed. In the remainder of this paper, we outline the contributions of visualization techniques in the establishment of collective awareness.
visualization techniques

Data visualization refers to the process of transforming data values into visual representations (e.g., maps, graphs, 3D scenes, etc.). A review of literature shows the diversity of the designed visualization techniques. In this context, several taxonomies have been proposed to gain understanding of the designed techniques.
These works are useful because implementers can identify visualization techniques by examining the classes of these taxonomies. However, they do not help designers understand how to apply and implement these techniques in the context of collective awareness. Addressing this problem, we propose to focus on visualization techniques for collective awareness and structure them according to the semantic of collective awareness.
In the context of collective awareness, we distinguish two goals for which visualization techniques could be designed. First, they could be used during the interaction process between the user and the collaborative system. The goal is then to enhance collective awareness. As a consequence, the designed techniques should take into account the cognitive and perceptual characteristics of the user. Second, visualization techniques could be used to visually analyze data logs captured during the interaction session of the user with the system. The goal is then to observe how does the user interact with the system and try to describe awareness from the collected data. These techniques are helpful for collaborative system administrators to improve the quality of the system (for example to augment the system with new artifacts). Studying these techniques is out of the scope of this paper. We focus only on visualization techniques that enhance collective awareness.
In the following paragraphs, we present design principles, in terms of ergonomic properties, related to collective awareness visualization techniques. Then, we present a review of visualization techniques from literature.

Ergonomic properties for awareness visualization techniques
An ergonomic property is a feature of a human-computer interface which is chosen to be the subject of analysis and evaluation. Ergonomic properties are neither necessarily good nor bad features; they simply serve to define an absolute design space by pruning off several design possibilities. In this paragraph, we present ergonomic properties we consider useful for designing collective awareness visualization techniques. By respecting these properties, we guarantee the usability of the designed techniques. These properties are common to all dimensions of awareness. Specific criteria will be presented for each dimension when necessary. We use ergonomic criteria from Bastien and Scapin (1993) and Gram and Cockton (1996).
To increase the dialogue efficiency between the user and the collaborative system, it is necessary to present awareness information to the users without requiring the focus of their attention. Ideally, the visualization technique is within a separate window from the main activity window. This will reduce information density, and thus the users’ perceptual and cognitive load: the workload ergonomic property. The visualization technique, should allow the user to inspect all awareness information relevant to his/her tasks: the observability property should be respected.
Within the visualization space, awareness information items should be grouped in relation to one another. This organization takes into account the topology and graphical characteristics in order to indicate the relationships between the various items displayed. This corresponds to the ergonomic property grouping/distinction of items.
In order to guarantee a real-time awareness, the visualization techniques should respond immediately to user actions, with appropriate and consistent timing for different types of transactions. Thus, the visualization techniques should respect the ergonomic property immediate feedback.
visualization techniques to enhance collective awareness
In this paragraph, we present examples of visualization techniques for collective awareness. As pointed out by Casner (1991): (Graphics appear to succeed in practice when they have been designed to directly support a specific task, the success arising out of a judicious combination of tasks to be performed and particular graphic used.(. In the context of collective awareness, the utility of any visualization technique is a function of the kind of awareness the technique is being used to support.
Availability awareness and informal Awareness

The availability awareness describes respectively temporal and spatial aspects of awareness. Typically, systems use techniques to visualize information about the team members as their locations and their movements. These information can be gathered explicitly such as asking the user to provide them, or implicitly, such as automatically logging users’ actions. For example, user location could be deduced from physical presence information such as last login, keyboard, mouse activity or when the user’s badge is detected. Other information could not be identified automatically, for example when a team member will be available. Such information should be specified explicitly by each team member, using shared calendar.
ActiveMap (McCarthy & Meidel, 1999) is one example of tool that enables users to visualize the locations and the movements of all people within a workplace environment. It provides a large-scale, real-time awareness of that environment with minimal need for explicit interaction: awareness at-a-glance (the immediate feedback property is respected). ActiveMap superimposes an image of each person over the location in which that person was last seen (the observability property is respected).

Informal awareness deal with basic knowledge about who is around in general: who is physically in the room with you and where people are located relative to you. As we can conclude from the ActiveMap system, by associating each person to the location where s/he is present, for a given person we can identify who is with him/her in that location and where people are located relative to that person. To reach this goal, the visualization technique should guarantee that the user correctly interprets the graphical objects and symbols (each person is associated to its exact location): the honesty ergonomic property. As a result, visualization techniques for availability awareness are relevant to help for informal awareness.
With TeamPortal (Handel & Wills, 2000) the user chooses a team to visualize, only the locations at which any member of that team is present are visualized. In addition, as teams could be dispersed in several countries, the TeamPortal system provides a calendar view to visualize contextual temporal information, as the holidays of the specified country.





By opposition to the previous two examples where the visualization technique is associated to each team member desktop, the Instant Messaging system (Huang et al., 2004) is associated to a public display.

Activity awareness and process awareness

The activity awareness concerns knowledge about the project-related activities of other group members. Thus, visualization techniques should let each team member to maintain awareness of another’s intentions, actions and results. 

Several visualization techniques have been proposed in literature to deal with activity awareness. The Classroom Bridge (Ganoe et al., 2003) is one example of systems that supports activity awareness. Its interface is a timeline visualization technique that presents the project state along with its history and upcoming events. The timeline can be scrolled horizontally left toward the start date of the project, or right toward the estimated end date of the project. The timeline presents time values according to the week granularity (this is guided by the fact that groups typically meet weekly). The visualized data are documents with different contents (vocabulary, materials information, research questions, etc.). By holding a mouse over a document icon, the visualization technique tells when the version was last modified and who modified it.
The sharing palette (Voida et al., 2004) is a second example of techniques that enhance activity awareness. The goal of this technique is to help users to be aware of all files they are sharing and with whom they are sharing them. This technique uses two panes. The first pane is dedicated to local files and services. It is divided into three parts, public, shared, and private. Files and services in the public part are available for anyone else on the network to use; those in the shared part can be shared with one or more individuals whereas those in the private part could not be shared with other individuals. The second pane presents users on the network and the files and services that they are currently sharing.
A process is a sequence of activities which are themselves sequences of tasks and actions. Designing a visualization technique for activity awareness could help for process awareness. Dedicated visualization techniques for process awareness should visualize the stages of the project, what the next step is, and what needs to be done to move along the process. They should be time centered visualizations.  
Social awareness and group-structural awareness

Social awareness concerns knowledge about team members, and especially about their social situations: what they are doing outside their context of work. Visualization techniques dealing with social awareness are called social visualizations. The eTree technique (Lee et al., 2004) belongs to this category. The eTree visualization uses an ecosystem metaphor. Team members are visualized as small circles around the tree. By selecting a circle (one team member), the correspondent information items are visualized on the right in a new frame. Such information could concern personal data as her/his interests, how did s/he spend her/his free time, etc. Information about team activities are mapped into different parts of the tree such as the trunk, branches and leaves. For example, threads in a forum are mapped into leaves. This technique gives an overview first and details-on-demand.

Group-structural awareness concerns member’s responsibilities within a team, their roles and positions. Usually, social awareness and group-structural awareness information are visualized within the same presentation. As in the eTree example, the profile of one team member includes information of both types of awareness.
Conclusion

In this paper, we demonstrated the usefulness of visualization techniques for multi-users interfaces in term of collective awareness. We distinguished seven dimensions of awareness: activity awareness, process awareness, availability awareness, informal awareness, workspace awareness, social awareness and group-structural awareness. We declined these dimensions into ergonomic properties that the visualization technique should respect. Then, we showed how each awareness dimension is guaranteed through appropriate visualization techniques.
We are planning to define a taxonomical space of visualization techniques for collective awareness. Our goal is to characterize user interface artifacts with regards to awareness dimensions. For example, how should artifacts be associated in the visualization space in order to support a given dimension of awareness? In this way, we are planning to identify interaction patterns with the visualization techniques which will help implementers for the design of new visualization techniques.
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Terms and Definitions

Data visualization: Visualization is the transformation and analysis to aid in formation of mental picture of symbolic data. Such a picture is simple, persistent, and complete.
Usability: A set of attributes that bear on the effort needed for use, and on the individual assessment of such use, by a stated or implied set of users. ISO 9126 from (Bevan, 1999).
Collective Awareness: A common and shared vision of the whole team’s context which allows members to coordinate implicitly their activities and behaviors through communication (Daassi & Favier, 2005).
Groupware: A generic term for specialized computer aids that are designed for the user of collaborative work groups. Typically, these groups are small project-oriented teams that have important tasks and tight deadlines. Groupware can involve software, hardware, services and/or group process support.

Human Computer Interaction (HCI): A discipline concerned with the design, evaluation and implementation of interactive computing systems for human use and with the study of major phenomena surrounding them.

Ergonomy - The science of the interface between people and products. It is based on human factors considerations as cognition, reasoning, memory and language. In the context of a software product, it guides the design and constitutes a support for testing and evaluating user interfaces to facilitate the ease of use of the software system.












