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ABSTRACT Present requirement engineering approaches, on the other
Modern requirement engineering approaches divide the hand, do not provide techniques for modeling human
elicitation process in two different stages: one focused on practices with neither the same level of detail, nor the
analyzing the context where the system-to-be will be used same theoretical basis offered by the Activity Theory.
and another centered on designing software solutions Therefore, there is currently a need for techniques that
appropriated to the context modeled. An adequate frame- could integrate ethnography analysis based on Activity
work for assisting context analysis is offered by the Activ- Theory with present requirement engineering approaches.
ity Theory, a philosophic and interdisciplinary structure to Our problem is focused on a requirement engineering
study different forms of human practice that adopts the methodology which integrates Activity Theory analysis
activity as the basic unit of analysis. However, there are with i* [20] organizational modeling. In this work, we
still no methods for integrating context analysis based on have enhanced the process proposed in [5] that uses eth-
Activity Theory and traditional requirement specifications nographic analysis based on Activity Theory to guide and
techniques. In a previous work, the authors presented a complement the TROPOS [3] early and late requirement
requirement engineering process that integrates ethno- phases. In particular, we describe guidelines that can be
graphic analysis based on Activity Theory with require- used to derive i* organizational models from Activity
ment specification techniques based on organizational Theory diagrams during the early requirement phase. The
modelling. In this work we present an evolution of the guidelines can be easily applied by a systematic analysis of
process proposed by including a set of mapping guidelines the participants dependence relations occurred in and
to systematically transform Activity Theory diagrams into between activities.
i* based organizational models. Moreover, we apply the This paper is structured as follows: section 2 discusses
guidelines in the development of a virtual project based related works. The Activity Theory framework is de-
learning environment. scribed in section 3. In section 4, we present the require-
Keywords: Ethnography, Context Analysis, Organiza- ment engineering methodology that integrates context
tional Modelling and Activity Theory analysis based on Activity Theory with the TROPOS
methodology. The central part of the paper is detailed in
1. INTRODUCTION section 5, which introduces the mapping guidelines used
The analysis of human practices, and its social relations, to systematically transform Activity Theory diagrams into
using techniques such as Ethnography [19], is mentioned i* organizational models. The guidelines are explained by
in the literature as one of the important methods for cap- presenting its application in the context analysis of a
turing software requirements. Activity Theory is a theo- project based learning system. Conclusions and future
retical-based context analysis technique that can anchor works are described in section 6.
the ethnographer descriptive work, calling his attention to
the individual and social elements of human activities [9]. 2. RELATED WORKS
For more than a decade, Activity Theory has been a rec- Viller and Sommerville in [19] integrates ethnographic
ognized framework for enhancing design practices in analysis with requirement engineering techniques. The
Computer Supported Collaborative Work (CSCW) and authors introduce a method that integrates human practices
related fields of Human-Computer Interaction (HCI) [1, analysis based on social viewpoints with the Use Case
12, 13]. However, in most of the applications it has been [15] requirement specification technique.
deployed as an analytical framework, not oriented to- Martins’s thesis [10] is centred on a requirement elicita-
wards requirement engineering specifications [4, 7, 11, 12, tion methodology based on Activity Theory. His focus is
13, 18]. on using activity diagrams based on Activity Theory to
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specify software requirements. He demonstrates that activ-
ity models can describe a scenario using a set of informa-
tion richer than Use Case diagrams. The main differences
between Martins approach and our proposal are described
in sequence.

In our methodology we separate the elicitation process in
context analysis (early requirement) and future system
analysis (late requirement). Dividing the requirement
phases makes it possible the use of Activity Theory for
providing a theoretical framework for context analysis in
early requirements, and for guiding the design of system
alternatives in late requirements that are adapted to the
modeled context. The adoption of these phases can avoid
the existence of a frequent requirement engineer problem
of modeling the system scope and functionality before
having a clear understanding of the user needs. Martins’s
methodology does not have a clear division between the
referred requirement phases, which can bring difficulties
to know if the activities described are related to context
modeling or system specification.

We recognize that Activity Theory diagrams can be used
to specify requirements, as
However, the flexibility richness of Activity Theory makes
it useful for context analysis, but can bring difficulties to
specify more formal aspects such as system requirements.
Moreover, using activity diagrams to describe require-
ments can imply in additional learning efforts by software
developers [17].

Therefore, our approach follows Korpella, Sorivan and
Olufokunbi proposal [7] as in: “The more technical as-
pects of Information system development we approach, the
less activity analysis and development can contribute, and
the more we need methodologies adapted from software
engineering. There is currently a gap between the less
formal, innovative methods like activity analysis, and the
strictly formal methods of Software Engineering”.

described in Martins’s work.

3. ACTIVITY THEORY (AT)

Activity Theory [8] is a broad theoretical framework for
describing the structure, development, and social context
of human activities. It has roots in the historical-cultural
soviet psychology founded by Lev Vygostsky, A. N. Le-
ont’ev and A. N. Luria [12]. According to this theory, an
activity is the way a subject (either an individual or a
group) moves towards an object with the purpose of at-
taining certain results or certain objectives. Activity ob-
jects can be a concrete thing (such as a program) or some-
thing more abstract (for example, an idea).

Mediation tools, such as a text editor or an e-mail system,
are artifacts used to support the object transformation into
a result. Tools can be used to manipulate and understand
the object, or to improve the communication and motiva-
tion of the activity participants.

Human practices are always included in a social context.
In Activity Theory the systemic relationships between the
subject and its environment are represented by the con-
cepts of community, rules, and labor division. The com-
munity is formed by all subjects interested in activity
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development (usually called by Stakeholders in software
engineering community). Rules are conventions for social
relationships established by the community. Labor divi-
sion refers to the form of community organization for the
process of transformation of an object into a result. Figure
1 illustrates the systemic model proposed by Engestrom
[6] that shows the relationships between the structuring
elements of the activity.

MediationTools
L]

Result or
User (group) . e Object —} Objective
L L]
Social rules. Community Labor division

Figure 1. The Engestrom systemic model.
Activities can be also defined in different levels: activity
consists of actions or chains of actions. Participating in an
activity is performing conscious actions that have an
immediate and defined goal, or objective. Actions are
linked to each other in one activity by the same overall
motivation of transforming the activity object into an
outcome. The activity motivation is the characteristic that
differentiates and relates activities and actions.

Actions can be broken in lower level sub-actions, which,
in turn, have sub-goals. Lower level actions carried auto-
matically are operations. Actions turn into operations
when they become routine and unconscious. Operations
are well-defined habitual routines used as answers to
conditions. The activity levels, and their dynamics, are
showed graphically by Figure 2.

Human practice activities are not isolated. Real life situa-
tions always involve an intertwined and connected web of
activities that are usually specified using an activity dia-
gram. Figure 2 in section 5 presents an example.

Activity - Motivations
Activity . a
v v
* ‘ Action Objective
Sub-action 1 Sub-action 2 & Y
a a - ¥ v
Oper. 01 Oper. 02 Oper. 03 Operation - Condition

Figure 2. Activity levels.

4. INTREGATING AT AND I*

In this work, we present an evolution of the requirement
engineering process proposed in [5] which is centred on
an extension of the context analysis phase (Early Re-
quirement) and the system analysis phase (Late Require-
ment) of the TROPOS [3] methodology. The paper pre-
sents a set of mapping guidelines that systematically trans-
form Activity Theory diagrams into i*-based [20] organ-
izational models.

TROPOS was chosen because it uses i*-based organiza-
tional models, not just for the requirement phases, but also
as a foundation to the entire software development proc-
ess. Besides, there are also guidelines to support the gen-
eration of UML [15] Use Cases and Class diagrams from
i* organizational models [16, 2]. Therefore, we intend to
show that context analysis based on Activity Theory can
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be used as a front-end for nowadays requirement specifi-
cation approaches.

The process is started with an ethnographical context
analysis of the human practices that result in transcribed
interviews, recorded interactions and participant observa-
tion field-notes. In a second stage, there is a qualitative
analysis where the collected information are then sorted
and classified with Nud*ist software [14]. From the classi-
fied information, the activities (with its actions and opera-
tions) are described using the Engstrom model [6].

The context analysis phase (Early Requirement) ends with
the generation of i* organizational models from the activi-
ties modeled. The transformation of activity diagrams into
i* models are based on mapping guidelines that analyses
the dependencies between subjects in and between activi-
ties. These guidelines are the central point of this article
and are demonstrated in the next section.

In Late Requirement, the activity diagrams are used to
guide the design of systems that can support the human
practices modeled. We believe that systems are adapted to
the modeled context if they can really contribute to activ-
ity development.

5. MAPPING AT DIAGRAMS INTO I* MODELS
To model the organizational environment (including their
systems), the TROPOS methodology uses two types of i*
models: the Strategic Dependency Model and the Strategic
Rationale Model. In sequence, we describe the mapping
guidelines used to generate these models by showing its
application in the context analysis phase of a project based
learning system.

First, is presented the Activity Diagram obtained as a
result of an ethnographical analysis of the teaching-
learning activity. This diagram is used as a starting point
for the application of the mapping guidelines. The empha-
sis of the ethnographical observations was on a group of 4
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students, together with the lecturer, in a software engi-
neering course that employs the project based learning
educational methodology. The analysis was based on in-
loco observations and tape-recorded student interactions
during 5 classes of one and a half hour each.

The Activity Diagram

The activity diagram of Figure 2 specifies four activities
identified in the ethnographical analysis: Construction of
Project Proposals, Project Formation, Project Develop-
ment and Project Evaluation. In the first activity the lec-
turer works individually in the propositions of projects.
The proposed projects are used in the Project Formation
activity, where the students and the lecturer together de-
fine the projects to be developed. The Project Develop-
ment activity in turn uses the defined projects as object. At
end, in the Project Evaluation activity, the lecturer evalu-
ates the projects. Each activity in figure 2 is described
using the Engestrom [6] systemic model. For example,
observing the Project Formation activity, is possible to
infer the activity is motivated by the transformation of
Project Proposals into real projects using a Whiteboard, a
Text-Editor and an E-mail system as mediation tools. The
participants of this activity adopt a social rule that each
project must have a manager. Besides that, the diagram
illustrates the community interested in this activity, which
includes the course coordinator. The activity description
ends with the division of work where the lecturer is re-
sponsible for presenting the project proposals.

Next, each activity is detailed by specifying their actions
and operations. The level of detail used depends on the
particularities of each system. At least, it should provide
sufficient information to show how each system require-
ment would support the activities modeled. Table 1 illus-
trates the actions present in the Project Formation and
Project Development activities

Whiteboard
Text Editor Teacher Evaluation System
E-mail .
L]
Projects Projects
Project Teacher % ® Developed Evaluated
Teacher )
Students ® T ®  Proposals Frcjects L
.
Individual . . » Nong
Groups must be 1 participations Teacher
batanced L . . in the Projects Course Coordinator
Each project must Teacher Teacher presents the project ds o
have a Manager All the students proposals 60% of the Project Evaluation | *
Course Coordinalor Teacher advises the group formation total score.
and does conflict management s Lot ) T
) Students define the groups and D it ¥
Project Formation choose projects and its Toos
| 1
Text Editor a
Students Projects
. jec
Teacher  ® e Project —  peyeloped
Responsibilities must be
Project equaly distributed by the group.

Teacher ® e ldeas } Proposals Conflicts must be avoided. ¥ Siudents elaborale a plan
The duration of the project Students develop the project
cannot overtake the Students according to its plan,
total time of the Teacher The teacher advises the project

. ] ® Mone discipling Course Coordinator  activities
Projects must Teacher The software

turn feasible the  Course Coordinator

practical use of the
given in

the course.

Size of Projecis must

be propertional to the

time given to the course.

Construction of Project Proposals

development methodology
must be adopted

Project Development

Figure 2: Project Based Learning Activities
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Table 1: Decomposing Activities into

Actions

Activity Actions
Project Lecturer presents project proposals
Formation T

Students indicate preferences for spe-

cific proposals.

Lecturer does conflict management
Project Students define project plan.
Develop- - - -

P Students interview clients.

ment

Students document system requirement.

Students develop system prototype

Students present projects developed

Lecturer motivates students

Lecturer advises students

Depending on the system being designed, some actions
can be decomposed into sub-actions and operations. Table
2 shows an example of how the action of “Students define
project plan” can be divided in sub-actions.
Table 2: Decomposing Actions into
Sub-Actions

Action Sub-Actions

Students Definition of project activities and

define pro- phases

ject plan Definition of project timetable
Division of responsibilities in each
project activity.

Generating the Strategic Dependence Model

The Strategic Dependency Model is a graph composed by
the environment actors and their dependence relations.
The dependence relations modeled can be of various
types, including Goal Dependence, Soft-Goal Dependence
(goal whose achievement evaluation is subjective), Task
Dependence e Resource Dependence.

This section explains the guidelines that can be used to
generate, in a systematic way, Strategic Dependence Mod-
els from Activity Theory Diagrams. The guidelines used to
generate Strategic Rationale Models are presented in the
next section.

Figure 3 shows the Strategic Dependence Model generated
from the Activity Diagram of Figure 2, as well as the
guidelines used to generate each element of the model. In
sequence, each of these guidelines is explained in detail by
showing how they can be used to generate the elements of
this Strategic Dependence Model.

Guideline 1 - Actors: every subject is modeled as an
actor in the organizational model, provided that one of the
above conditions is satisfied:

e The subject depends on another person to work

in a given activity.

®  The subject depends on a resource provided by

another activity.

e  The goal of the subject is to produce something

to be used by actors of other activities.
Observing the activities modeled in
Figure 2, we identify as subjects: the
students and the lecturer. Applying the
guideline 1 we have the adoption of
these subjects as actors in the model of
Figure 3.
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LEGEND

Depender Dependee

Goal Dependence

Task Dependence

Resource Dependence

biain
oject
Proposals

G2

Project
Formation

Figure 3: Strategic Dependence Model

Guideline 2 — Dependencies Between Subjects in
a Single Activity: when one activity is carried out by two
subjects, a dependence relation is generated between them
whose name is the same given to the activity. The subject
more responsible for the activity achievement is the De-
pender, while the one who has only a support role is clas-
sified as Dependee. The dependence type is obtained by
Guideline 3, which analyses the characteristics of the task
and the autonomy of the Dependee.

Guideline 3 — Dependence Type: if the Dependee
has autonomy to achieve his tasks a Goal Dependence
Relation is generated. In case of the Dependee does not
have autonomy, the dependence type is of Task Depend-
ence Relation. But if the Dependee is responsible for
making an existing resource available, then Resource
Dependence Relation is generated. Finally, if the De-
pendee has autonomy to obtain a goal whose achievement
evaluation is subjective then the dependence relation is of
type Soft-Goal. This classification is according to [20]
which defines the inherent characteristics of the Goal,
Soft-Goal, Task and Resource dependence relations.

Applying Guidelines 2 and 3 to the ac-

tivity diagram of Figure 2, we have the

generation of the Project Formation

and Project Development goal depend-

ence relations in Figure 3. Observing

the labour division of Project Forma-

tion, we can realize that the lecturer is

the main responsible for this activity.

Therefore, we have the generation of

goal dependence relation from the lec-

turer to the students (Teacher — Pro-

ject Formation — Students). The Pro-

Jject Development activity, on the other

hand, has the students as the main re-

sponsible for its success. In this situa-

tion, the students are the Dependers of

the lecturer (the Dependeee).
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Guideline 4 — Dependencies Between Subjects
Across Activities: when a subject X of activity A uses
something (object, social rule or mediation tool) provided
by another subject Y of activity B, then a dependence
relation is drawn in the organizational model between the
subject X and Y. The subject X (the Depender) depends
on something produced by subject Y (Dependee) to
achieve the success in his activity. The dependence rela-
tion created receives the name given to the element being
transferred preceded by the word “Obtain ...”. The de-
pendence type is deduced using Guideline 3.

The goal dependence relations of Ob-

tain Project Proposals, Obtain Projects

and Obtain Projects Developed present

in Figure 3 were created according to

Guideline 4. In the activity diagram it

is possible to establish a dependence

relation between the students of the

Project Formation activity and the lec-

turer, subject of the Construction of

Project Proposal (the students depend

on the Projects proposals produced by

lecturer). In Project Development, the

students depend on the lecturer to ob-

tain the projects, since the lecturer par-

ticipates in the Project Formation ac-

tivity. On the other hand, the lectures

depend on the students of the Project

Development activity to evaluate the

projects in the Project Evaluation ac-

tivity.

Generating The Strategic Rationale Model
The Strategic Rationale Model allows one to model the
reasons for the dependence relations presented in the
Strategic Dependence Model. In another words, this model
describes how the subjects internally act to satisfy their
external dependence relations. This section explains the
guidelines used to derive the Strategic Rationale Model.
Figure 4 shows the Strategic Rationale Model generated
by the application of these guidelines on the activity dia-
gram of Figure 2. In sequence, these guidelines are pre-
sented by demonstrating how they can be used to generate
the elements of Figure 4.
According to Activity Theory, each subject of a collabora-
tive activity participates in the work of transforming an
object into a result. In this case, the first step to model the
actor rationale is creating a task, inside each actor area, to
represent their participation in each activity.
Guideline 5 — Tasks representing Activities: For
each subject X of activity A, a task is generated in X area
with the same name given to the activity preceded by the
word “Participation in ... ”. If the activity has two or
more subjects, we generate a Task in each subject limited
area. The Tasks are created to satisfy a dependence rela-
tion defined in the Strategic Dependence Model (see
Guidelines 5.1 and 5.2.).
®  Guideline 5.1 - Dependencies between Sub-
jects in a Single Activity: the task representing
the activity of two subjects X and Y is associ-
ated to the dependence relation generated by the
guideline 2.

e Guideline 5.2 — Dependencies between Sub-
jects Across Activities: In case there is a sub-
ject X in activity A which depends on something

61

August 2005

(tool, social rule or object) provided by subject
Y in activity B, the tasks that represent activities
A and B are associated to the dependence rela-
tion generated by the guideline 4.

Following guideline 5, the subjects of

figure 2 receive in their bounded area a

task representing their participation in

each activity they are engaged. The lec-

turer, for example, receives the tasks of

Participation in Construction of Pro-

Jject Proposals, Participation in Project

Formation, Participation in Project

Development and Participation in Pro-

ject Evaluation. The lecturer and the

students act together in the activity of

Project Formation, therefore, following

guideline 5.1, the task of Participation

in Project Formation presented in both

subject areas are connected to the goal

dependence relation of Project Forma-

tion. On the other hand, the Project

Formation, which has the students as

one of their subjects, depends on the

project proposals produced by the

teacher in the activity of Construction

of Project Proposals. Consequently,

according to guideline 5.2, the students

tasks of Participation in Project For-

mation is associated to the goal rela-

tion of Obtain Project Proposals
The Activity Theory provides the concepts of actions, sub-
actions and operations to describe the internal behavior of
the subjects in order to achieve activity success. The
guidelines bellow explain how to represent the Activity
Theory actions, sub-actions and operations in the Strategic
Rationale Model.

Guideline 6 — Representing Actions: the actions
of subject X in activity A are transformed into sub-tasks
(decomposition link) of the task representing the activity
A in the bounded area of X. But, if the activity has two or
more subjects, then each subject receives in his limited
area only the tasks representing the actions of its respon-
sibility. Therefore, it is necessary to observe the labor
division and the actions descriptions to analyze the subject
responsibility in each actions.

Analyzing the labor division and the

action descriptions of the Project De-

velopment activity in figure 2, for an

example, it is possible to infer the lec-

turer actions are Student Motivations

and Advise Student; and the student ac-

tions are Plan Definition, Interviews,

Requirement Documentation, System

Prototype and Project Presentations.

To generate the organizational model

of figure 4, these lecturer actions are

transformed into the sub-tasks of the

Participation in Project Development

task in the lecturer area. On the other

hand, the students actions are repre-

sented by the sub-tasks of the Partici-

pation in Project Formation task pre-

sented in the students bounded area.
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Figure 4: Strategic Rationale Model

Guideline 7 — Representing Sub-Actions and
Operations: the sub-actions and operations of a given
action (or sub-action) A are transformed into sub-tasks of
the task representing the action (or sub-action) A by way
of a decomposition link.

The sub-actions of the “Students define

project plan” action (see table 2) in the

Project Development activity are trans-

formed into the sub-tasks Define Activ-

ity and Phases, Define Timetable and

Responsibility Division of the task Plan

Definition presented in the  students

area of figure 4.

6. CONCLUSIONS AND FUTURE WORKS
Present requirement engineering approaches usually start
with an empirical analysis of contextual factors in order to
gradually develop requirement specifications. From our
point of view, Activity Theory can provide a complemen-
tary approach starting with an abstract theoretical repre-
sentation of context (obtained from ethnographical stud-
ies), and then using it to complement and guide the re-
quirement specification using current modeling methods.
This work defines a set of guidelines to derive i* organ-
izational models from Activity Theory diagrams. The
guidelines described can be easily applied during the
TROPOS [3] Early Requirement phase using a systematic
analysis of the dependence relations between activity
subjects, as we could verify in the context modeling of a
project based learning system.

Observing the results of the case study, we can conclude
that Activity Theory diagrams can be used not just as a
starting point to guide the generation of the i* organiza-
tional models presented in TROPOS methodology, but
also as a complementary document for a better under-
standing of the context being modeled. In this case, the
guidelines, presented in section 5, can be used as the
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association links between the i* organizational elements
and the detailed (context-based) Activity Theory elements.
As future work, we intend to pursue the following research
topics:

e Elaborate a method that uses Activity Theory
tension analysis [4, 6, 11, 18] to guide the de-
sign of new systems in TROPOS Late Require-
ment phase. Tension analyses are the traditional
way Activity Theory researchers study and con-
tribute to human practices development.

e In the i* organizational framework [20], a task
can be decomposed in alternative sub-tasks. This

sub-tasks (specified by way of
means-end links) indicate the task can be
achieved by the conclusion of one of its sub-
tasks. However, the Activity Theory does not al-
low the specification of alternative actions and
operations. We intend, as a future research work,
to introduce alternative actions and operations in
the Activity Theory framework in order to im-
prove its descriptive power.

alternative
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