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Abstract— Many task modeling notations, task analysis methods, and supporting tools have been introduced in human-computer interaction communities, often with different goals and strengths. With this comes need to understand their scopes and their differences. This paper extends previous work by conducting a survey on task models along with their supporting tools. The survey was carried out in three dimensions. Descriptive, meta-models were created for each evaluated approach as a common description. Comparative, a protocol is used to compare models.  Generative, resulting from comparison a robust task model is proposed that considers most relevant aspects. This task model has been successfully applied in several real-life case studies. The goal of the present work is to emphasize potential task model’s usages, including: activity analysis, UI generation, evaluation of UI with respect to a task model.
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1.  Introduction

Many task modeling notations, task analysis methods, and supporting tools have been introduced in human-computer interaction (HCI) communities, often with different goals and strengths. Task analysis was introduced for understanding the skills required in developing tasks. Nowadays, task analysis and task models are at the core of most work in human-computer interaction (HCI) including user interface (UI) design. In this sense, a task model is often defined as a description of an interactive task to be performed by the user of an application through the application’s user interface. The purpose of task analysis is to understand the user’s activity in the context of the whole human-machine system. Task models show a great diversity in terms of formalism and depth of analysis. In order to use task models to support the UI design it is very important to have notations that support hierarchical logical structures, a wide variety of temporal relationships among tasks, and the actor performing the task. 
Among the great variety of task models, there is a need to come up to a common agreement on what a task model is composed of. Some attempts to standardize the task model exits, for instance, the ANSI-CEA standard [7]. However, they do not include: knowledge about UI generation from task models [10], interface elicitation models transforming requirements in task models [16], integration of task models as a mean to describe business process details [9]. Being part of a Model-based UI development standardization effort [19][27], a survey on task model is needed that not just compares existing work but also that takes the best of each approach to come up with a robust model. 
In this paper a continuation of a previous survey [17] is presented.  The difference from our previous experience is mainly characterized by the protocol adopted. The protocol [4] is composed of three dimensions: descriptive, comparative, and generative. The remaining of this paper is structured as follows: section 2 introduces the descriptive part of the survey by describing task models using a common notation, meta-models in this case. Section 3 compares task models, a brief summary of an ongoing standardization initiatives [19]
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[27]. Section 4 describes the generated task model and lists potential usages. Finally Section 5 concludes the paper.      

2. Descriptive overview of task models
A number of task modeling notations have been introduced in the literature and are widely used in practice. In this section, the descriptive dimension of the survey is presented that extend, update, improve and consolidate our previous experience in this area [17]. More details on this description can be found in [10] along with it task meta-models [19]
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[27].  
2.1. ANSI/CEA-2018
The ANSI/CEA-2018 is a standard for task model descriptions, which is an XML document whose syntax and semantics is specified by the standard. The primary use of the XML document is to be interpreted by a device at run-time to guide the user in achieving the described tasks [7]. A task model defines task classes. A task instance corresponds to an actual or hypothetical occurrence of a task. The input parameters of a task class should include all data which affects the execution of task instances. The output parameters of a task class should include all data which is modified or created during execution of task instances.  A user intent concept is a case frame, consisting of a verb and a set of semantic roles of specified types. The precondition of a task is a partial boolean function which tests whether or not it is appropriate to perform the task at the moment. The postcondition tests whether a just executed task was successful. A task can be decomposed into subtasks, the temporal order between theses subtasks is by default linear (totally ordered), but ANSI/CEA-2018 also supports the specification of partial orders. The data flow between these steps is specified by the binding elements in the subtasks definition. A binding is an equality between an input slot of a decomposition step or an output slot of a decomposition goal, and the value of a function with arguments corresponding either to the output slots of steps or the input slot of the goal. Grounding is the binding of primitive tasks (those that do not have subtasks) to a script. 
2.2. ConcurTaskTrees
ConcurTaskTrees (CTT) [21] focuses on activities allowing designers to concentrate on the activities that users aim to perform. A task model is built in three phases: 1) a hierarchical logical decomposition of the tasks represented by a tree-like structure; 2) an identification of the temporal relationships among tasks at the same level; 3) an identification of the objects associated with each task and of the actions which allow them to communicate with each other. For each single task it is possible to specify a number of attributes and related information; it includes the identifier and the name of the task, its category and type, frequency of use, the used platform, informal annotation and possible preconditions, and whether it is an iterative or optional task. The objects can be either user interface or domain application objects; it is also possible to indicate the right access of the user to manipulate the objects when performing the considering task. A feature of CTT is its graphical facility providing means to describe different task types (abstract, cooperative, user, interactive, and application). CTT provides us with means to describe cooperative tasks. Tasks are further decomposed up to the level of basic tasks. Application objects are mapped onto perceivable objects in order to be presented to the user. 
2.3. Diane+

Diane+ [24] is used during the user requirement analysis phase and can guide the design of the user interface. It uses a graphical notation to represent task decomposition as well as temporal and logical relationships among tasks. A Diane+ diagram explicitly indicates whether a task is to be accomplished by the end user (manual), the system (automatic), or a combination of both (interactive). The main characteristics of Diane+ method are: the various representations of an interactive application; the abstraction level; the aims and the user´s logics; the dialogue control sharing between man and machine; the adaptation of dialogue to users; the OPAC data model. There are two important points to be made about the way in which Diane+ models a task: 1) the procedures describe only the characteristics specific to an application and do include the standard actions common to most applications, such as quit, cancel, and so on. This assumes that the supposed standard actions, previously defined, really apply to the application of interest. (If a standard action does not apply, this would be indicated.), 2) the described procedures are not mandatory; what is not forbidden is allowed.

2.4. Goals, Operators, Methods, and Selection rules 
Goals, Operators, Methods, and Selection rules (GOMS) model, developed by [6], consists of descriptions of the Methods needed to accomplish specified Goals. Methods are view as a series of steps consisting of Operators that the user performs. A Method may call for subgoals to be accomplished; if there is more than one Method to accomplish a Goal, the Selection rules choose the appropriate Method depending on the context [14]. Today, there are several variants of the GOMS analysis technique, and many applications of the technique in real-world design situations [11].  
2.5. Groupware Task Analysis

Groupware Task Analysis (GTA) [26] was developed as a means to model the complexity of tasks in a co-operative environment. GTA describes the task world focusing on:  agents, roles, work, and situation.
Agents often indicates people, either individual or in groups. In situations where information technology is applied, actors will be non-human agents, or systems that comprise collaboration between human agents and machine agents. Roles indicate classes of actors to whom certain subsets of tasks are allocated. GTA focus on the structural as well as dynamic aspect of the work, it take task as the basic concept and goal as an attribute. Tasks can be identified at various levels of complexity; complex tasks may be split up between actors or roles, unit tasks and basic tasks may be decomposed further into (user) actions and (system) events. Analyzing a task world from the viewpoint of the situations means detecting and describing the environment (physical, conceptual, and social) and the objects in the environment. Objects may be physical things, or conceptual things like messages, password or signatures. Its framework describes a task world ontology that specifies the relationships between the concepts on which the task world is modeled. 
2.6. Hierarchical Task Analysis

Hierarchical Task Analysis (HTA) was developed by [3] as a general method for examining complex tasks.  The HTA method employs natural language to express operations and task conditions plans. By adopting an operation as the main unit of description, HTA maintains neutrality in task descriptions. The stopping rule means that the values of the system and not simple those of human factors are taken into account in the human factors contribution to the design process [19]. Principal steps in conducting HTA are [1]: 1) decide the purpose(s) of the analysis, 2) get agreement between stakeholders on the definition of task goals and criterion measures, 3) identify sources of task information and select means of data acquisition, 4) acquire data and draft decomposition table/diagram, 5) recheck validity of decomposition with stakeholders, 6) identify significant operations in light of purpose of analysis, 7) generate and test hypotheses concerning factors affecting learning and performance.
HTA has been shown to aid human factor and resource decision-making, including the design of teams and jobs, operating procedures, selection methods, interface design, and training, as well as reliability assessment and quantification. It also supports task analysis for teamwork, as described in [2].

2.7. Task Knowledge Structure

The theoretical keystone of Task Knowledge Structure (TKS) method [12] relies on the possession and utilization of knowledge and its structure in human memory. A TKS has two main structures: 1) the goal structure representing knowledge about how to undertake the task, 2) the taxonomic structure that represents declarative knowledge about the task elements. The elements of a TKS are: actions & objects, object representativeness, procedures, plans, goals & subtasks.
Goal structure identifies the goal and sub-goals contained within the TKS. The goal structure also includes the enabling and conditional states that must prevail if a goal of sub-goal is to be achieved. In this way the goal structure represents the plan for carrying out the task; the plan is carried out through a procedural structure. A procedure is a particular element of behaviour, at the lowest level it can be an action or an object. Strategies are particular sequences of procedures. Taxonomic structure involves action(s) and object(s) knowledge. This includes the representativeness of the object or action, the class membership, and other attributes such as the procedures in which it is commonly used; its relation to other objects and actions, and its features.  TKS was not developed on supporting more than one task at a time, but Johnson and Hyde [13] adapted the basic model and extended it to analyze the collaboration work structure. In order to accommodate collaborative tasks, they considered the mechanics proposed by Pinelle and Gutwing [22]. Their approach is called Fundamental Knowledge Structures (FKSs). Metaknowledge and mental models constitute the keystone to an FKS for collaboration. It is postulated that there are three different kinds of knowledge that collaborators possess: 1) general knowledge about what makes for an effective collaboration, 2) individual collaborator’s specific knowledge of how they will collaborate to complete the task and an understanding of each collaborator’s contribution to the task, and 3) collaborator’s knowledge of another collaborator’s knowledge. 
2.8. Task Object-Oriented Description
The purpose of Task Object-Oriented Description (TOOD) [17]
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[23] is to formalize the user task by jointly using the object-oriented approach and Object Petri Nets. The concepts borrowed from the object approach make it possible to describe the static aspect (Static task model) of tasks and Petri Nets enable the description of dynamics and behaviour (Dynamic task model). The method consists of four steps: 1) hierarchical decomposition of tasks, 2) identification of descriptor objects and world objects, 3) definition of elementary and control tasks, and 4) integration of concurrency. Each task is treated as an instance of a task class identified by a name and an identifier and characterized by a goal, a type (i.e., human, automatic, interactive, and cooperative), the level in the hierarchy, and the total amount of task components. The task body represents a task hierarchy organized using logical constructors (i.e., AND, OR, and XOR). Each task is then associated with a task control structure (TCS) made up of six classes of descriptor objects that are consumed when the task is carried out and they are aggregated. The triggering class has four types of events: formal and informal events, events occurring outside and inside the system. The condition class contains contextual conditions governing the performance of the task. The resource class describes resources (human or system) required for the task to be performed. The input data class specifies information items required for performance of the task. To initialize a task, an input transition expresses logical conditions on these data by sending rules and benefits from various checking functions to ensure that all conditions required performing the task are fulfilled. For instance, the completeness function checks that all input data are available and satisfy related constraints. The output data class specifies information items produced by the task performance. 
2.9. AMBOSS

The task models developed with AMBOSS [8] describe the hierarchical tree structure of the tasks including the temporal relation between the tasks and their description. The task model is composed of tasks, rooms, roles and task relationships. Tasks are, notably, described with attributes such as name and type. The type attribute identifies one of the three basic task types: interactive, system, and abstract.
The task also has attributes to determine its duration, the precondition, the severity, the occurrence, the detection, the riskfactor; and additionally it is possible to make a riskfactor write protected (isWriteProtected). The decomposition refers to relationships where a parent task is decomposed in subtasks. A message represents the communication between two tasks. A barrier determines the protective mechanism of a certain task. It provides the correct execution of the task, which it is assigned to. An objectAMBOSS is a unity, which is physically available and operating in a running system. An objectAMBOSS contains information, which is represented by attributes. Also, the objects could be fixInRoom, being allowedinRoom, being forbiddeninRoom, or has a series of assignedTask. A room denotes the spatial position of the role involved in the execution of the task. Finally, a role describes the different actors within the task model. Roles execute tasks and they perform their task in a room.
3. Comparison of task models 
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. In [17] a comparison of task models for UI design is presented. Following with this survey, we adopt a protocol composed of three dimensions: descriptive, comparative, and generative. This section presents the analysis and results obtained after the comparison of the task models. This survey provides a reference framework against which task models can be understood with respect to each other; and knowing the various attributes of different notations and what they can cover can help ensure an appropriate choice of notation or determine what types of new notations (or attributes) might be needed to compose a robust task model. It is important to realize that the way we mark a notation is subjective and it is based on our experience.
Task models are used to assess task workload, to plan and allocate tasks to users in a particular organization; after the designers translate this information into an abstract level in order to generate UIs. This comparative study is focused in developing formalisms to represent how tasks are assigned to different roles, broadening the scope of task analysis with organizational concepts, the supporting tool to model tasks, the cooperative aspect, the decomposition of the tasks, and the relationships allowed among tasks. As first step to develop a broader meta-model to generate UIs, we extract the meta-models of each task model, for instance,  Figure 1 shows the meta-model of AMBOSS. The meta-model of each task model is expressed as a UML class diagram. For space reason, we present just one meta-model, further information can be founded in [10]
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[27] which is a base for standardization process of User Interface Description Language (UIDL). 
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 Figure 1 AMBOSS meta-model

As a second step, we compare main features of task models (Table 1) to know which of them are similar and outstanding of taking into account for the construction of a broader task model. Organizational concepts describe the environment in which the task is developed (for instance a laboratory). Cooperative aspect, since a UI is designed for a given role; this distinction is useful both for UI design and for coordinating the computer-supported cooperative work.   Role concept indicates classes of actors to whom certain subsets of tasks are allocated. Users may have internal representations of their own roles and others’ roles. A user can and will take on more than one role and more than one user can and will take on a given role. Type of task specifies the nature of the task. Formalization specifies whether a model is based on a formal system or not. Graphical representation determines if the task model has a graphical notation or not. Scope of constructors express the scope of the task elements on which the temporal relationships 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. Tool determines if the task model is supported with a software environment. After, we compare the temporal relationships that each task model manages (Table 2) and present our proposal to cover all the relationships required.
Table 1 Main task model features

	
	AMBOSS
	ANSI/CEA
	CTT
	Diane +
	GOMS
	GTA
	HTA
	TKS
	TOOD
	Our proposal

	Organizational concepts
	+-
	X
	X
	X
	X
	X
	X
	X
	X
	√


	Cooperative aspect
	√ 

	X
	√ 

	X
	X
	√ 

	√ 

	√ (FKS extension)
	√

	√


	Role concept
	√ 

	√ 

	√ 

	+-
	X
	√ 

	+-
	√ 

	√ 

	√


	User concept
	+-
	+-
	X
	 +-
	√ 

	√ 

	X
	√ 

	√ 

	√


	Type of task
	Human, system, abstract (based on the role )
	General task
	Abstract, user, system, interactive
	Manual, automatic, interactive
	General task
	Complex, unit, basic
	General task
	General task
	Manual, automatic, interactive, cooperative
	Abstract, user, system, interactive

	Formalization
	X
	X
	√ 

	√ 

	X
	X
	X
	X
	√ 

	√ 


	Graphical representation
	√
	X
	√
	√
	X
	√
	X
	X
	√ 

	√ 


	Scope of constructors
	Parent
	Multiple levels
	Sibling
	Sibling
	Multiple levels
	Parent
	Parent
	Multiple levels
	Sibling
	Multiple levels

	Tool
	AMBOSS
	X
	CTTE
	TAMOT
	GLEAN3, GOMSED, QGOMS
	EUTERPE
	HTAWin, PITAS/Task Architect (potentially availables)
	ADEPT (partially based on model)
	TOOD-IDE
	FlowiXML


√ Supported, +- Partially supported, X Unsupported

Table 2 Comparison of task relationships
	
	AMBOSS
	ANSI/CEA
	CTT
	Diane +
	GOMS
	GTA
	HTA
	TKS
	TOOD
	Our proposal

	Decomposition
	√     
Hierarchy
	√     
Hierarchy
	√  
Hierarchy
	√ 
Hierarchy 
	√
Hierarchy
	√ 
Hierarchy
	√ 
Hierarchy
	√ 
Hierarchy
	√  
Hierarchy
	√ 
Hierarchy

	Sequence
	√ 
SEQ
	+-
Ordered = true, information passing (Postcondition) 
	√  
Enabling, enabling with information passing
	√
Ordered sequence 
	√ 
Sequence
	√ 
Seq
	√ 
Fixed sequence
	√ 
Sequence
	√ 
Sequence
	√ 
Enabling,  enabling with information passing

	Iteration
	X
	+-
MinOccurs+ MaxOccurs
	√ 
Iteration, finite iteration
	√
Loop
	+-
Loop (If, then, else)
	X
	+-
Stop rules
	X 

	X
	√
Iteration, finite iteration

	Choice
	√ 
ALT
	+-
Precodition
	√
Choice
	√ 
Required choice, free choice
	+-
Or (If, then, else)
	√
Or
	√
Selective rule
	√ 
Or
	√ 
Choice
	√ Deterministic choice, undeterministic choice, inclusive choice

	Optionality
	+-
Barrier
	+-
MinOccurs+ MaxOccurs
	√ 
Optional
	√ 
Optional
	+-
Optional (If, then, else)
	+-
Start condition
	X
	X
	X
	√ 
Optional

	Interruption
	X
	X
	√ 
Suspend- resume, disabling
	X
	+- 
Interruption (If, then, else)
	+-
Stop condition
	√ 
Stop rules
	X
	√ Interruption
	√ 
Suspend- resume, disabling, disabling with information passing

	Concurrency
	√ 
SER
	+-
Ordered = false
	√ 
Concurrent, concurrent communicating tasks, independence
	√
unordered sequence
	+-
Concurrency (If, then, else)
	X
	+-
Selective rule
	X
	√
Concurrency
	√
 Independent concurrency, concurrency with information passing, order independence

	Cooperation
	+-
Precondition
	X
	√ 
Cooperative 
	X
	X
	√ 
Cooperation
	+- 
Teamwork
	√
Collaboration(FKS extension)
	√
Collaboration
	√
Cooperation

	Parallel
	√
PAR, SIM
	X
	X
	√
Parallel
	X
	√ 
And
	√
Dual task (time sharing)
	√ 
And
	√
Simultaneity
	√
parallelSplit (process model)


√ Explicit supported, +- Implicit supported, X Not specified
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Figure 2 Generated task model

4. towards a broad task model 

Individual task models analyzed in the previous section show a variety of concepts and relationships between these concepts. We take into account those concepts to improve the understanding of how a user may interact with a UI to accomplish a given interactive task, incorporating details of what needs to be done, how it could be done, who is responsible of it and how to assign the task to him/her, and where the task is executed.

4.1. The Task Model
Our proposal describes a task model [9] where tasks are organized in a high-level of abstraction called processes. A process consists of a number of tasks and a set of relationships among them. The definition of a process indicate which tasks must be performed and in what order. A 
task can be: user, abstract, interaction or application task. It is decomposed into subtasks to consider hierarchical structure of a task tree; operators are used to link them on the same level of decomposition.  A task may manipulate objects through actions.

Modeling tasks means modeling the people that are part of it and modeling its structure, which is often part of the organizational structure.  Specifying roles in the organization and actors’ characteristics gives relevant information that can be used in the design. Also, task responsibilities frequently need to be handled more flexibly resulting in responsibilities being shifted by delegation or by mandate. Therefore, it introduces 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. Typically, only resources and their roles within organizations are modeled in most task models, we consider that the place where the tasks are executed is an important aspect in the environment where the collaboration is developed. Thus, the concept of organizational unit is considered, it is a formal group of people working together with one or more shared goals or objectives. It could be composed of other organizational units. Users 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. The concept of agenda is useful to cope with the cooperative aspects. It is also possible to allocate or offer tasks to user stereotypes through the agendas.
4.2. Applicability of the task model 
Model-based user interface design processes often start with a task related model that is evolved through an incremental approach to the final UI. Our proposal is supported with a software tool (FlowiXML) [15]. During the stage of system requirements gathering, a model elicitation is used [16]. The model elicitation is aimed at identifying in textual scenarios elements that are relevant for building a first version of task model. With this elicitation is possible to identify the tasks and their nature (user, system, interactive, abstract), the resources, jobs, and organizational units. The next step is modeling the tasks starting with process which are in turn decomposed into tasks models. Finally, we have to deal with UIs generation; this step is achieved by relying on the UsiXML method [25]. The UsiXML method is based on the Cameleon Reference Framework [4], which defines UI development steps for multi-context interactive applications.
The Tasks & Concepts level describes the interactive system specifications in terms of the user tasks to be carried out and the domain objects of these tasks. An Abstract User Interface (AUI) abstracts a Concrete User Interface (CUI) into a definition that is independent of any interaction modality (such as graphical, vocal or tactile). A CUI abstracts a Final User Interface (FUI) into a description independent of any programming or markup language in terms of Concrete Interaction Objects, layout, navigation, and behavior. A FUI refers to an actual UI rendered either by interpretation (e.g., HTML) or by code compilation (e.g., Java). UsiXML describes at a high level of abstraction the constituting elements of the UI of an application: widgets, controls, containers, modalities, interaction techniques, etc. It supports device independence: a UI can be described in a way that remains autonomous with respect to the devices used in the interactions such as mouse, screen, keyboard, voice recognition system, etc.  We introduced the abstract syntax with “enriched” directed graph. That is to say an identified, labelled, typed, constrained graph. Finally we presented the stylistics in a graphical representation for the model which relies on icons. Reusing this mechanics the UIs of a task model, can be generated. Figure 3 shows how to pass from the process to the task model, and then the AUI is generated given place to the CUI and FUI.
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Figure 3 Steps to generate UIs

Some other potential usages are enabled with the meta- model, including: activity analysis, detection of deviations with respect to the task model, evaluation of user interface with respect to a task model, knowledge about UI generation from task models [10], interface elicitation models transforming requirements in task models [16], integration of task models as a mean to describe business process details [9].

5. CONCLUSION

This paper has presented a comparison of well-known task models. Although specific task models differ, they have many things in common (e.g. task decomposition and relationships). Almost all task modeling methods also use graphical representation to show the information of the model and are supported by a tool. After this comparison we have identified some critical concepts for a task-based design of a UI: 1) Goal and task hierarchies are essential. 2) Operators must express temporal constraints between tasks. 3) Role specification in terms of tasks is a minimal requirement for dealing with cooperative aspects. 4) Objects and actions that are performed on them make possible the detailed modeling of presentation and dialog of the UI. Taking those concepts into account, we have proposed a broad task model to identify how tasks are structured, who perform them, what their relative order is, how they are offered or assigned, and how tasks are being tracked. This task model is combined with UsiXML to generate UI.  Moreover, an editor was developed to put in practice the aforementioned model. Real-world case studies have been reported and summarized to demonstrate the feasibility of this approach in an industrial context (http://www.usixml.org/index.php?mod=pages&id=40). 
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