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Abstract   A comparative analysis of various models involving multiple users in an interaction is provided in order to identify concepts which are underexplored in today’s multi-user interaction. This comparative analysis is based on three families of criteria: information criteria, conceptual coverage, and expressive​ness. Merging the meta-models of the selected multi-user interaction models enables to come up with a broad meta-model which could be instantiated in most situations involving multi-user interaction.
Keywords: Multiple context of use, multi-user interaction, task models, workflow.

1 Introduction

In Human-Computer Interaction (HCI) and User Interface (UI) design, many roles have been investigated with respect to the multiplicity of the entities playing a role in these models [12,13]: multiple computing platforms, multiple channels, multiple interaction techniques, multiple modalities, multiple environments, and multiple users. In particular, multi-target UIs [2] explore variations of multiple contexts of use where the context of use is understood as a user interacting with a computing platform in a given environment. Therefore, multiple contexts of use necessarily mean multiple variations of these three dimensions. Among these dimensions, the multiplicity of users has been less researched than the others and has been investigated in different domains ranging from HCI, Computer-Supported Collaborative Work (CSCW) to Collaborative Systems and Workflows [9].

Multi-user interaction is hereby referred to as a context of use where multiple users are initiating some interaction and/or receiving the feedback of some previously existing interaction, perhaps in multiple environments. Multi-user interaction is significant in a certain amount of areas such as: any circumstances where multiple users are involved, whether they are located in the same environment or not (e.g., collaboration, cooperation, competition, coopetition), where several users are networked in a workflow, where they have individual or shared tasks, where the tasks are multi-user by nature.
The problem is that these areas all have their respective understanding and definition of multiple users involved in an interaction. This situation leads to a series of important shortcomings, among them are:

· Lack of understanding: the basic concepts of multi-user interaction modeling are not always well mastered and properly understood, such as the rationale behind their method, their entities, their relationships, their vocabularies, and the intellectual operations involved for modeling these aspects.

· Matching concepts across two different models or more is difficult. It is even likely that sometimes no matching across these concepts could be established.

· Communication among designers is reduced: due to the lack of software inter​operability, a designer may experience some trouble in communicating the results of a multi-user interaction model to another stakeholder of the UI development team. In addition, any transition between persons may generate inconsistencies, errors, misunderstandings, or inappropriate modeling.
· Heterogeneousness: these concepts, as they were initiated by various methods issued from various disciplines, are largely heterogeneous.

· Lack of software interoperability: since model-based tools do not necessarily share a common format, they are only restricted to those models which are expressed according to their own, possibly proprietary, format.

· Duplication of research and development efforts: due to the aforementioned differences, different research and development teams may reproduce similar efforts but towards their own format and terminology, thus reducing significantly the ability to raise incremental research. This shortcoming is particularly important for software development efforts which are resource-consuming.

To address the above shortcomings, we assigned ourselves the next goals:

1. To provide an improved conceptual and methodological understanding of the most significant models involving multiple users and their related concepts.

2. To establish semantic mappings between the different models so as to create a transversal understanding of their underlying concepts independently of their peculiarities. This goal involves many activities such as vocabulary translation, expressiveness analysis, identification of degree of details, identification of concepts, and emergence of transversal concepts.

3. To rely on these semantic mappings to develop a multi-user model editor that accommodates any type of input. This editor should help designers and developers to derive UIs for these multiple users independently of the underlying model. The ultimate goal is to capitalize design knowledge into a single tool and to avoid reproducing identical development effort for each individual model.
The remainder of this paper is structured as follows: Section 2 presents the hypotheses, the criteria, and the method for conducting the comparative analysis. Section 3 applies this method to selected models involving multiple users to come up with their corresponding meta-model. Section 4 sums up the results provided by the meta-models of individual models into a global task meta-model gathering the concepts identified in the respective individual meta-models. Section 5 outlines how this global meta-model is exploited in a corresponding model editor. Finally, section 6 presents the conclusions. 
2 A Method for a Comparative Analysis of Models
In this section, we present the steps of the method followed to build a uniformed task model from a number of existing task models. A task model is referred to as any model produced by a specific task analysis method. The uniforming of an individual task model is the process of expressing an individual task model into a uniformed model in such a way that its concepts have always the same form, manner, or degree, and present an unvaried appearance of concepts.

Our method for uniforming task models consists of four major steps: selection of individual task models, identification of the concepts within each model, representation of those concepts into a meta-model, and consolidation of these meta-models into one single meta-model, called multi-user interaction model. Even if these steps are presented sequentially, some feedback is still possible at some points.

It is probably beyond our capabilities to consider all existing task models. Thus, a selection among task models was operated from the list of task models reported in the CHI’98 workshop on task models, which is supposed to be rather extensive and correct [1]. The following criteria were used:

· The task models should be integrated in a development methodology as a core or side component and tool supported.

· The task models should be widespread and accepted within the Human-Computer Interaction (HCI) community.

· The selected models should be supported by theoretical studies to assess their soundness and experimental studies for effective case studies.
After selecting the individual task models, the foundation references of each chosen task model were analyzed. Each model was then decomposed into constituent concepts using an entity-relationship method and UML representation. The terminology used in original references to refer to concepts was preserved. A definition of each concept is then given. For the sake of concision, only relevant definitions of concepts were retained.

These concepts are then represented into a task meta-model, which is made up of entities and relationships expressed according to an entity-relationship-attribute methodology. Finally, a multi-user task meta-model is obtained from the task meta-models. To build this final meta-model, different intellectual operations have been performed. Firstly, a syntactical uniforming has been conducted to provide a single way of referring to different concepts where possible. This step implies that concepts having the same definition but different names were uniformed under a same label. For concepts having different definitions, even if they refer to a similar fundamental concept, a semantic uniforming is needed. This step implies the identification of semantic mappings between concepts having different aims and scopes. To maximize the semantic scope of the uniformed task meta-model, the union of the concepts present in each particular task meta-models was preferred rather than the intersection. Indeed, choosing the intersection would produce an “emergent kernel of concepts” common to all methods, but this set may be rather limited. Conversely, the union while keeping commonalities preserves specific contributions of individual models.  

To avoid the problem of an all embracing model, some concepts (i.e., entities, relationships, or attributes) were withdrawn from this union for several reasons: the concept is semantically redundant with an already existing concept, the concept is not practically used by the methodology in which the particular task model is defined, the concept does not basically belong to the task model but rather to other models like user model, organization model, domain model, or presentation model [6]. This reason is motivated by the Separation of concern principle which assumes that only concepts relevant to a similar domain of discourse should be kept in a particular model, thus avoiding mixing different concepts into a single model.

3 Analysis of the Task Models

In previous section, we describe the criteria used to select the task models; in this section, we discuss some well-known and widely used notations, examining which characteristics they exhibit and which attributes they cover. It is important to realize that the way we mark a notation is subjective and it is based on our experience. In each of the subsections below, we present the task model reviewed.
3.1 The Groupware Task Analysis  Model

Groupware Task Analysis (GTA) [10] was developed as a means to model the complexity of tasks in a co-operative environment. GTA takes its roots both from ethnography, as applied for the design of cooperative systems and from activity theory adopting a clear distinction between tasks and actions. An ontology describing the concepts and relations between them was developed in [11]. Fig. 1 graphically depicts five GTA fundamental concepts: task, role, object, agent, and event.

In GTA complex tasks are decomposed in unit tasks [3] and basic tasks [8].  However there is no indication about how this relates to UI design. More recent developments of GTA [11] also include additional techniques like ETAG [8] for decomposition of basic tasks. An attractive feature of GTA relies in its capability of representing cooperative tasks (groupware) by integrating the role concept in the task world, thus enabling representations of task sets for which a role is responsible of and also of organizational aspects like how a role is assigned to different agents.
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Fig. 1 GTA task meta-model 
A remark concerning the GTA ontology is that constructors are not represented; however, the Euterpe tool used for a GTA task specification allows for specification of constructors.

3.2 The ConcurTaskTrees Model 
In ConcurTaskTrees (CTT) [6] there are five concepts: tasks, objects, actions, operators, and roles (Fig. 2). CTT constructors, termed operators, are used to link sibling tasks, on the same level of decomposition. 

CTT uses a tool (CTTE) for editing the task model used to specify tasks, roles, and objects as well as the task hierarchy with temporal operators. Another feature of CTT is its graphical facility providing means to describe different task types like abstract, cooperative, user, interactive, and application.

CTT provides us with means to describe cooperative tasks: a task model will be composed of different task trees: one for the cooperative part and one for each role that is involved in the task. Tasks are further decomposed up to the level of basic tasks defined as tasks that could not be further decomposed. Actions and objects are specified for each basic task. Application objects are mapped onto perceivable objects in order to be presented to the user.
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Fig. 2 CTT task meta-model.
Another interesting feature of CTT is the specification of both input and output actions that are associated to an object. Object specification is mainly intended for the specification of UI interaction objects (interactors). CTT modeling tool also provides useful support for task modeling like a model checker and a function to extract enabled task sets. Enabled task sets are consisting of tasks that are enabled in the same time and are produced on the basis of temporal dependencies. This feature is intended as a support for analysis of relationship between the task model and the presentation design.
3.3 The Task Knowledge Structure Model

In the model known as the Task Knowledge Structure (TKS) method [4], the analysts manipulate a TKS, which is a conceptual representation of the knowledge a person has stored in her memory about a particular task.

A TKS is associated with each task that an agent (i.e. a person, a user) performs (Fig. 3). Tasks which an agent is in charge of are determined by the role this person is presumed to assume. A role is defined as the particular set of tasks an individual is responsible for performing as part of her duty in a particular social context. An agent can take on several roles. A role can be taken on by several persons. 

Even if tasks or TKSs may seem similar across different roles (e.g., typing a letter for a secretary and a manager), they will be considered as different. The "similarity" relationship is aimed to represent this situation.
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Fig. 3 TKS task meta-model.
TKS holds information about the goal, which is the state of affairs a particular task can produce. A particular goal is accomplished by a particular task. A goal is decomposed into a goal substructure, which contains all intermediate sub-goals to achieve it. 

Goal is decomposed into sub-goals and task is decomposed into subtasks. Constructors operate on tasks and by association on goals.  

A same goal associated can be reached by different sub-goals sequencing. This leads to the concepts of plan. A plan is a particular setting of a set of sub-goals and procedure to achieve a particular goal. Actions and objects are found at the lowest level of the task analysis. They are the constituents of procedures which operationalize subtasks. One or several procedures can be linked to a same subtask. TKS proposes a production rule system to choose the appropriate procedures depending on the context of use. 

Actions are directly related to task tree as they form its leaf level. Actions and objects hold properties of interest. They can be central to the execution of a task, they have typical instances: centrality and typicality of an object or action is always expressed with respect to a task or a procedure that operationalizes it. 
4 Towards a Multi-User Interaction Meta-Model

In previous section, we discuss some task model notations, examining which characteristics they exhibit and which attributes they cover. In this section, we summarize in a table the main features of these task models and present a multi-user interaction meta-model.

4.1 Results of the Analysis 

The task models presented in previous section exhibit a variety of concepts and relationships. The differences between concepts include differences of vocabulary used for the same concept across models. They have, also, different bases of formalization, and scopes.

The table below provides the variations between task models and present their supporting tool. The comparison is based on formalization (this dimension specifies whether a model is based on a formal system or not), role (in order to know if the model uses a role concept. Roles are played by agents and are assigned according to organizational rules.), goal (some models make a differentiation between tasks and goals), cooperative aspect (how it supports cooperative work), scope of constructors (expresses the scope of the task elements on which the temporal operators work. The scope can be the parent or the sibling when any temporal operator constraint affects the ordering, respectively, between a father node in the task decomposition and its children or between siblings of the same father), decomposition (show the level of decomposition allowed in the model), operational level (the task decomposition level where actions take place), tools (tools that have as basis the task model).

Table 1. Main features of task models
	       Task  notation

Criteria
	GTA
	CTT
	TKS

	Formalization
	× 
	√
	×

	Role
	√
	√
	√

	Goal
	√ 

(attribute of the task)
	×
	√

	Cooperative aspect
	Roles/agents
	Roles cooperative task trees
	Roles/agents

	Scope of constructors
	Parent
	Sibling
	Multiple levels

	Decomposition
	Tasks, sub-tasks / role, sub-role / object, sub-object
	Tasks, sub-tasks
	Tasks, sub-tasks / goals, sub-goals / object, sub-object

	Operational level
	Actions/system operations
	Actions
	

	Tools
	Euterpe
	CTTE
	Adept (partially based on model)


Note. √ = supported, × = unsupported.
4.2 A Multi-User Interaction Model
In order to access representations that are provided by different task models, a uniforming of concepts is needed. Fig. 4 illustrates the concepts that are used to build a multi-user interaction model.
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Fig. 4 Multi-User Interaction Model 
In this model, tasks are organized into processes. A task is decomposed into subtasks and operators are used to link them on the same level of decomposition. A task may manipulate objects through actions. We introduce the concept of Job instead of role. Jobs are the total collection of tasks, duties, and responsibilities assigned to one or more positions which require work of the same nature and level.

The job concept allows assembling tasks under a same umbrella in a way that is independent of individual resources in the organization unit. 

In this way, several individuals could play a particular job, and jobs could be interchanged dynamically. An organizational unit is a formal group of people working together with one or more shared goals or objectives. It could be composed of other organizational units. Resources are characterized thanks to the notion of user stereotype. But a same task could require other types of resources such as material resources (e.g., hardware, network) or immaterial resources (e.g., electricity, power). The agenda is a list of tasks that are assigned to user stereotype. A user stereotype has one and only one agenda and an agenda belongs to one and only one user stereotype.
The concept of agenda is useful to cope with the cooperative aspects. We can allocate or offer tasks to user stereotypes through the agenda.
5 A Model Editor Based on Multi-User Interaction Model
Based on the model proposed in previous section, a model editor was developed to represent graphically those concepts. 

With this editor, we try to answer the questions: what to do, how to do that, who will do it, where it will be doing, and how to allocate task it. 
As a first step we can identify the components that are involved in the case study (Fig. 5) as the tasks, the jobs, and the organizational units.
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Fig. 5 Classification of concepts
The next step consists in specifying the location in which the work must be done. From our conceptual model we extract the organizational unit model, which can be part of any other organizational unit or be composed of some other organizational units, supporting the hierarchy structure in organizations. Organizational units are represented by rectangles (see gray rectangle Fig. 6), which will contain a set of ordered tasks and the available resources. It is the way to locate those elements inside the organization. The following organizational units are the structural decomposition of the hospital: (i) reception: patients coming to this unit will be dispatched through the medical units of the hospital; (ii) general medicine: diagnostic and simple medical acts are realized in this unit; (iii) surgery: patients will be operated in this organizational unit; (iv) dermatology: unit involved in every dermatological resource and the performance of the related medical acts; (v) payment service. 
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Fig. 6 Organizational units’ specification
The next step consists in the description of all the jobs involved in the performance of tasks. Jobs are ways to structure the crew of people inside the organization. Job attributes are: specification, family, grade and privileges. We develop a job editor for job’s configuration (Fig. 7). The jobs specified in the definition of the current case study are the following: Receptionist, Generalist, Surgeon, Anesthetist, Nurse, Dermatologist and Cashier.
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Fig. 7 Job handler editor
Once jobs are defined it is possible to incorporate user stereotypes able to carry out tasks of a particular job. The user stereotype editor (Fig. 8) is used for this purpose. For instance, we define a user stereotype called Robert Wink, having a 4 years experience and the third hierarchy level. He is able to carry out tasks as a generalist and surgeon. So far, we just have users but we need to assign a place into the organizational scheme. This is actually the first resource filter. A user stereotype may be assigned to several organizational units. Hierarchically, a worker being in an organizational unit also belongs to every unit included in the main one. The graphical representation used for the workflow editor is based on a first resource container inside the organizational unit. It allows the workflow designer to group resources. Job boxes are put inside of the main resource box. Each job box is instantiated by user stereotypes able to perform the job of the box.
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Fig. 8 User stereotype editor
This leads to the kind of representation given by Fig. 6. The organizational unit contains a resource box made of three job boxes. Every job box instantiates user stereotypes of a certain job (there are two surgeons, one anesthetist and one in the given example). This allows knowing the resources that are available for an organizational unit.

For each process a task model (Fig. 9) is specified to describe in detail how the task is performed.
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Fig. 9 Task  editor
This part of the editor is devoted to task decomposition and defining temporal relations between subtasks. It is based on CTT [6] and IdealXML [5].  The hierarchical decomposition allows the user to know which tasks need to be carried out in order to realize it is parent task. Temporal operators specify a temporal ordering of tasks. Those tasks being exclusively those defined as children of the main root task, no other task is involved here. 
Once the tasks and user stereotypes were describes, there is need to specify who will be in charge of what. For that purpose, we use workflow resource patterns [7] to specify who will perform tasks realization inside organizational units. As, we have already defined jobs and user stereotypes, and put them available in organizational units. On the basis of this information we have applied a first resource filter, which determines the range of resources available in the different organizational units. Now we go further in the filtering and add rules defining the way work will be undertaken. The resource pattern editor (Fig. 10) allows the allocation of tasks considering different features as the resource’s capabilities.
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 Fig. 10 Resource patterns editor
By the agenda (Fig. 11) a user stereotype is notifying about the possible tasks that are allocated or offered to him. Following the resource patterns they will be able to accept a task that is offered or indicating the beginning of the performance of a task. At the end of their work, the users communicate to the system by clicking on the “finish” button.
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Fig. 11 Agenda
6 Conclusions

Task models analyzed in previous sections show a variety of concepts and relationships. Differences between concepts are both syntactic and semantic. Syntactic differences cover differences of vocabulary used for a same concept across models. Semantic differences are related to the conceptual variations across models. Semantic differences can be of major or of minor importance. A major difference consists in the variation of entities or relationships definitions and coverage; for instance, a same concept does not preserve a consistent definition across models. A minor difference consists in the variation of expressing an entity or a relationship. For example, constructors in GTA or TKS express temporal relationship between a task and its subtasks, although the set of constructors is not identical in all models, while operators in CTT are used between sibling tasks.
After the analysis of those task models, a multi-user interaction model was generated in order to cover the principal characteristics required to work with multiplicity entities playing a role. Moreover, an editor was developed to put in practice the aforementioned model.   
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