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Abstract

Goals are a logical mechanism for identifying, orga-
nizing and justifying software requirements. Strategies
are needed for the initial identification and construc-
tion of goals. In this paper we discuss goals from the
perspective of two themes: goal analysis and goal evo-
lution. We begin with an overview of the goal-based
method we have developed and summarize our ezpe-
riences in applying our method to a relatively large
ezample. We illustrate some of the issues that practi-
tioners face when using a goal-based approach to spec-
ify the requirements for a system and close the paper
with a discussion of needed future research on goal-
based requirements analysis and evolution.

1 Introduction

Goal-based methods stress the need to characterize,
categorize, decompose and structure goals as require-
ments, but usually fail to offer strategies to identify
goals, taking it for granted that the goals have already
been documented [1] [4] [12]. If goals have not been
previously documented, how do we first identify them
and know when they are all completely specified? This
is the question that our on-going research addresses.

This paper discusses some aspects of the Goal-
Based Requirements Analysis Method (GBRAM) that
we have developed in the context of its use in a real
study. The method is useful to identify, elaborate, re-
fine and organize goals for requirements specification.
We also highlight some of the issues that practitioners
would need to consider based on our observations and
experience.

In the remainder of this section we elaborate the
issues that we will address later. Section 2 provides
an overview of the concepts and process elements of
our goal-based approach. In Section 3 we illustrate
some of the choices that practitioners may face when
using a goal-based approach. Finally, in Section 4 we
discuss lessons learned and suggest some practical rec-
ommendations.

1.1 Evolution of This Research
This research was initially motivated by our study
of scenario analysis [8]. Our experiences demonstrated

0-8186-7252-8/96 $5.00 © 1996 IEEE
Proceedings of ICRE '96

136

that scenarios are useful for uncovering and elaborat-
ing requirements, and for answering questions that are
not easily answered using other techniques [8]. We also
identified the need to investigate goal-based heuristics
that suggest what scenarios to construct, analyze and
elaborate further. This led us to apply the goal decom-
position and scenario analysis model in the context
of Business Process Reengineering [1] demonstrating
that both scenario and goal analysis are valuable for
an effective analysis effort.

Subsequently, we used the goal refinement method
of [4] to specify the requirements for a software re-
quirements validation environment. Our aim was to
sketch the structure of such a specification in terms
of the goals to be automated and their operationaliza-
tion into high-level actions to be performed by soft-
ware, hardware and users. Using the goal refinement
method of [4] to establish the requirements for a re-
quirements validation system that uses the Inquiry
Cycle [7] [8] as the fundamental methodology, we de-
termined the main goals of the system only with diffi-
culty and not as straightforwardly or methodically as
the literature suggests (see Section 1.2). The refining
of high level goals, without a description of the system
to be built, is not obviously systematic and appears
to require guess work and inventiveness.

The research discussed in this paper stems from the
need for better heuristics and procedural guidance for
initially identifying and constructing goals, especially
those involving the relationship between goals and sce-
narios. Based on our experiences, we have identified
a set of issues that practitioners should consider, and
we present them here. Our ultimate goal is to pro-
vide prescriptive advice to the practitioner in the form
of goal-identification heuristics and a set of recurring
questions to guide the process. Further studies will
enable us to develop this catalog.

1.2 Related Work

Although there has been relatively little attention
paid to the process of acquiring goals for system de-
velopment, we certainly are not the first to address
the issue. To position our work, we will briefly survey
some of the more relevant previous work.



Traditional systems analysis focuses on what fea-
tures (i.e. activities and entities) a system will sup-
port. Goal-based approaches focus on why systems are
constructed providing the motivation and rationale to
justify software requirements. The notion of focusing
on the why is not new, although organizing require-
ments around goals is (e.g. “Context analysis,” intro-
duced in [9], determines the reasons why a system is
to be created and the purpose of the system according
to different viewpoints). A viewpoint captures a par-
ticular responsibility performed by a participant at a
particular stage in the development process. The abil-
ity to represent viewpoints and distinguish between
them is especially useful during requirements analy-
sis. Viewpoints allow conflicts to be surfaced early in
the requirements process, rather than burying them,
so that they may be resolved. Finkelstein et. al. [6]
propose the use of viewpoints as both an organizing
and a structuring principle in software development.

Yu’s strategic dependency model [12] provides the
rationale for networks of actors in which agents depend
on each other to achieve goals, perform tasks and fur-
nish resources. The strategic dependency model sup-
ports the process of suggesting, exploring and evalu-
ating alternative solutions and helps identify what is
at stake, for whom, and what impacts are likely if a
dependency fails. In this paper we discuss two types
of dependencies: goal- and agent-dependency.

1.3 Practical Issues

Goals are useful for organizing and justifying soft-
ware requirements, but two practical questions need
to be addressed: How are goals identified? and What
happens to the requirements when goals change? In
this paper we discuss goals from the perspective of
these two themes: goal analysis and goal evolution.

Goal Analysis

Goal analysis is the process of exploring gathered
documentation, ranging from information about the
organization (i.e. enterprise goals) to system specific
information (i.e. requirements), for the purpose of
identifying, organizing and classifying goals. It is often
assumed that software systems are constructed with
some goal(s) or purpose in mind [3]. However, what
happens when the goal or purpose is not clear? Goals
are often not given, so where do they originate? Enter-
prise goals do not always reflect what actually takes
place [1]. Thus, it is important to gather as much
information as possible in order to obtain a broad un-
derstanding of the domain, organization, process and
system. The starting point, however, is often vague,
perhaps comprising only one or two pages about the
desired system. Given different types of documenta-
tion, how should we analyze them in order to identify
and construct goals? We have investigated several re-
lated techniques: scenario analysis, identification of
goal obstacles and constraints, and goal operational-
ization. As we will demonstrate, these techniques are
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not only useful for analyzing goals but also for elabo-
rating and refining them.

Goal Evolution

From the developer’s viewpoint, we wish for goals
and software requirements to remain as stable as possi-
ble. Although it is true that requirements are volatile
and constantly changing, much iteration in the refine-
ment process is due to the requirements simply be-
ing misunderstood and/or misinterpreted [3]. Each
stakeholder has different, and sometimes conflicting,
requirements and priorities. Often the strategies for
conflict identification and resolution are inadequate.

In our experience, goals are characteristically more
stable than the processes, organizational structures
and operations of a system which continuously evolve
[1]; this is why we emphasize them. Nevertheless,
goals evolve gradually and informally depending on
the changing needs, circumstances and goal priorities
of stakeholders.

The concepts and process elements of our goal-
based approach (GBRAM) are discussed in the fol-
lowing section.

2 Goal Analysis and Evolution

In this section, we establish a common ground for
discussion by defining some key concepts and termi-
nology and by providing a brief overview of our goal-
based approach discussing its characteristic process el-
ements.

2.1 Concepts and Terminology
We define the following concepts:

e Goals are high level objectives of the business,
organization or system. They capture the reasons
why a system is needed and guide decisions at
various levels within the enterprise.

e A requirement specifies how a goal should be ac-
complished by a proposed system.

o Operationalization is the process of defining a goal
with enough detail so that its subgoals have an
operational definition.

e Achievement goals are objectives of some enter-
prise or system. For example, a university course
registration system may need to satisfy the goal
of enrolling students in courses before the first
day of class each semester. The object of the goal
is course registration, which is exactly what the
stakeholders believe the purpose of the system to
be.

o Maintenance goals are those goals that are sat-
isfied while their target condition remains true.
They tend to be operationalized as actions or
constraints that prevent certain states from be-
ing reached.



e Agents are the entities or processes that seek
to achieve goals within an organization or sys-
tem based on the implicit responsibility that they
must assume for the achievement of certain goals.
For example, given an Electronic Meeting System
(EMS), a meeting initiator is the agent responsi-
ble for calling, or initiating, a meeting.

o Constraints are requirements that must be met
for goal completion. A constraint places a condi-
tion on the achievement of a goal.

e Goal decomposition is the process of subdividing a
set of goals into a logical subgrouping so that sys-
tem requirements can be more easily understood,

defined and specified.

e Scenarios are behavioral descriptions of a system
and its environment arising from restricted situa-
tions. They exemplify behaviors enabling hidden
needs to be uncovered and are useful for evaluat-
ing design alternatives and validating designs.

o Goal obstacles are behaviors or other goals that
prevent or block the achievement of a given goal.
Abstracting and identifying goal obstacles allows
one to consider the possible ways for goals to fail
and anticipate exception cases.

2.2 Process Elements

Goal analysis concerns the exploration of documen-
tation (for goal identification) followed by the organi-
zation and classification of goals. Goal evolution con-
cerns the way goals change from the moment they are
first identified to the moment they are operationalized
in a system specification.

Goal Analysis

Goals may be extracted from various types of gath-
ered information including process descriptions such
as flow charts or Entity Relationship (ER) diagrams.
It is useful to identify goals from process descriptions
by searching for statements which seem to guide design
decisions at various levels within a system or organi-
zation. When used as the exclusive source of informa-
tion, process descriptions are insufficient for achiev-
ing thoroughness and completeness. Therefore, if pos-
sible, the practitioner should consider other possible
sources such as transcripts of interviews with stake-
holders. However, stakeholders tend to express their
requirements in terms of operations and action rather
than goals. Thus, searching for action words is a use-
ful way to extract goals from stakeholder descriptions.
For example, in a meeting scheduler, stakeholders may
use action words such as ‘schedule’ and ‘reserve’ which
give rise to goals such as: Schedule Meeting and
Reserve Room.

In addition to goals, the agents, stakeholders and
constraints must also be identified. How and when
do we go about this? The most sensible approach is
to identify the responsible agents as early as possi-
ble (when each goal is first identified) by determining
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what agents are ultimately responsible for the achieve-
ment or maintenance of a goal. For example, the goal
Schedule Meeting is the responsibility of the Meet-
ing Scheduler. Constraints are useful because they
provide additional information regarding requirements
that must be met in order for a given goal to be com-
pleted. How are such constraints identified? As a
general rule, we identify constraints by searching for
temporal connectives, such as during, before and after,
or any variants thereof. Constraints may also be iden-
tified by looking for dependency relations. Consider
the goal Meeting Arranged in the meeting scheduler
system with the constraint: Meeting room must be
available during the meeting date/time. Once
the goals, agent responsibilities and stakeholders are
identified and specified, the goals are then classi-
fied according to their target conditions and begin to
evolve.

Goal Evolution

Goals evolve because stakeholders change their
minds and refine and operationalize the goals into
behavioral requirements. Over the course of time,
a stakeholder’s goals may change or, at a minimum,
their goal priorities are likely to change. The first type
of change is elaboration and the second is refinement.

Goal evolution is thus effected via goal elaboration
and refinement. Useful techniques for goal elaboration
are: identifying goal obstacles, analyzing scenarios [§]
and constraints, and operationalizing goals. Identify-
ing goal obstacles, in order to consider the possible
ways for goals to fail, enables one to anticipate ex-
ception cases. When goal priorities change, scenarios
facilitate the evaluation of these new priorities. Goals
are further elaborated by considering the possible ways
in which goals can be blocked and by identifying sce-
narios to develop an understanding of how the goals
can be operationalized.

Goal refinement occurs when synonymous goals are
reconciled, when goals are merged into a subgoal cat-
egorization, when constraints are identified, and when
goals are operationalized. In the GBRAM, achieve-
ment goals are merged and listed according to their
precedence relations and dependencies. This order-
ing enables us to determine a goal’s preconditions and
postconditions. It is beneficial to consider goal prece-
dence relations such as “Which goals need to be fulfilled
first?” Our approach differs from Yu’s model [12] in
that dependency relations are used primarily to order
goals so they can be subsequently refined. We expect
that further consideration of goal and agent depen-
dency relations will yield deeper insights for conflict
resolution but as yet we have not addressed this.

Goals are refined by eliminating redundancies and
reconciling synonymous goals. For example, the goals
Meeting arranged and Meeting scheduled are syn-
onymous and can be reconciled. In our experience, the
best approach is to eliminate redundancies after the



goals (extracted from each source) have been merged
into one ordered goal set. It is then easier to iden-
tify synonymous goals because they typically are listed
adjacent to each other (or clustered) in the ordered
set since they tend to share common precedence rela-
tions. Goals are also refined via elaboration. The op-
erationalized goals, responsible agents, stakeholders,
constraints and scenarios are ultimately consclidated
into a set of goal schemas that can be easily trans-
lated into a requirements specification. The resulting
artifact, while not formal in the strict sense, provides
a textual representation of system requirements orga-
nized according to system goals.

3 Experience with the GBRAM

We used the GBRAM to analyze the goals for a
Career Track Training System (CTTS). The CTTS
was part of a business reengineering project for an
Air Force Base (AFB) in which no analysis was con-
ducted prior to our investigation. We observed the
process to be extremely fragmented, taking what ap-
peared to be an enormous amount of time and effort,
involving dozens of people across numerous organiza-
tional boundaries. Approximately 155 AFB employees
are enrolled in training each year. The requirements
for the process and the desired system illustrate typ-
ical information system requirements problems. For
example, the need to register persons for training ses-
sions is analogous to a university course registration
system. In this section, we summarize our experience
using the method described above and employ CTTS
examples to illustrate the issues that we found impor-
tant to consider.

3.1 Goal Analysis

The issues that one faces during goal analysis are
illustrated in this section.

Identifying goals

By analyzing the three sources of information avail-
able to us (a textual introductory statement, a textual
process scenario and flow charts of the existing pro-
cess), we initially identified 36 goals. Some of these
goals are shown in Tables 1 and 2.

[ Maintenance Goals | Agent] Stakeholders |

GI: Career tracks provided AFB AFB
Gy Tax payers money spent efficiently AFB AFB, DoD, empl
G;: Training coordinated AFB AFB, empl

Table 1: Maintenance Goals, Agents and Stakeholders

The introductory statement and process scenario,
together, comprised a one page textual description.
The introductory statement described the high level
mandates that drive the system and organization. The
process scenario described the employee certification
acquisition process. The flow charts represented the
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current process as described during interviews with
stakeholders. The medium, or language, in which the
information was expressed is less important than the
actual information provided. The introductory state-
ment was the most declarative of the three sources
while the process scenario provided a step by step de-
scription of the process (sharing more commonality
with the flow charts). To identify goals, each state-
ment is analyzed by asking, “What goal(s) does this
statement exemplify?” and/or “What goal(s) does this
statement block or obstruct?” The identified goals are
worded to emphasize the state that is true, or the
condition that holds true, when the goal is achieved.
Wording goals this way makes it easier to reason about
any preconditions and postconditions on the goals and
any corresponding system operations.

Classifying maintenance and achievement goals

Tables 1 and 2, respectively, show a sample of the
maintenance and achievement goals that we identified
for the CTTS (Table 2, unlike Table 1, shows the in-
formation that needs to be recorded to operationalize
the goals; i.e. obstacles and scenarios). Achievement
goals were identified and classified by asking “Is com-
pletion of this goal self-contained?”, “Does this goal
denote a state that has been achieved or a desired
state?” and “Does achievement of this goal depend on
the completion of another goal?” Goals G1, G2 and
(s, in Table 1, were extracted from the CTTS Intro-
duction, and classified as maintenance goals by asking
“Does this goal ensure that some condition is held true
throughout all other goal operationalizations?” and “Is
continuous achievement of this goal required?” For
example, G2 in Table 1 (Tax payers money spent
efficiently) must be achieved on a ‘continuous’ ba-
sis. The AFB business process mandates that career
tracks be provided in order to ensure that tax payers’
money be spent efficiently. This goal characterizes a
condition which must be held true. Maintenance goals
are also identified by searching for keywords, such as
‘provide’ and ‘supply,” that suggest a continual state
within the system.

Maintenance goals were more likely to appear in
organizational and policy level descriptions than in
detailed descriptions of current processes. Interest-
ingly, no maintenance goals were identified from the
current process descriptions. In contrast, 9 mainte-
nance goals were identified from the CTTS textual
description. This supports the findings reported in
[1] that organizational goals are often not reflected in
operational strategies.

Identifying agents and stakeholders

Agents are identified to determine which agent is re-
sponsible for ensuring the achievement of a goal at any
given time. Stakeholders are identified to determine
which agents claim a stake in each goal and develop
an understanding of the different viewpoints involved
in the system for conflict resolution. More than one



Achievement Goals Agent Stakeholders Goal Obstacles Scenarios
Gy: Career portfolio created empl empl, supervisor 1. Career portfolio not created
G : Avalable course slots announced TSD empl, TSD, HRD 1. Avail course slots not announced 2.a All courses closed (max capacity)
7
2. No slots available 2.b Course cancelled (no slots available)
3. Emp course prefs not available
Gyg : Courses which empl qualifies for identified system empl 1. Empl qualifies for no courses
G12: Course completed empl empl 1. Course not completed 1.a Empl drop out of course
1.b Empl never enrolls in course
1.c Employee fails course
Gy 4+ Skills improved empl AFB, empl 1. Skills not improved 1.a Course not taken
1.b Course not completed
1.c Empl fails course
G7 : Approval granted AFB AFB, empl 1. Approval not granted
G 18+ Certification granted AFB AFB, empl 1. Certification not granted 1.a Course taken doesn’t qualify empl

Table 2: CTTS Achievement Goals, Agents, Stakeholders, Obstacles & Scenarios

stakeholder can be associated with a goal. In G153 (Ta-
ble 2) both the employee and AFB have an interest,
or stake, in improving employee skill levels. However,
consider G (Table 1), the AFB claims the sole stake in
providing career tracks for all their employees (Career
tracks provided) since each employee is ultimately
interested in their own individual training acquisition
status and skill level. G1g in Table 2 (Certification
granted) is of interest to both the AFB and each em-
ployee seeking certification. Both agents claim a mu-
tual stake in this goal. However, the AFB, not the
employee, is ultimately responsible for granting certi-
fication to the employee. This highlights the potential
for a goal to prevent another agent from achieving a
goal. For example, if G17 (Approval granted) is not
achieved then an employee is unable to achieve Gig
(Certification granted) which may, in turn, pre-
vent an employee from enrolling in any subsequent
courses.

3.2 Goal Evolution

Evolution of the CTTS goal set was marked by
modifications and additions to the goals themselves.
We now discuss how the CTTS goal set evolved after
our initial goal analysis.

Reducing the size of the goal set and clarifying goals

We uncovered three approaches for reducing the
size of the goal set: eliminating duplicate goals, refin-
ing goals based on system entities, and consolidating
nearly synonymous goals.

Goals based on system entities should be re-
fined. Initially, we identified the goal: HRD process
completed which clearly called for refinement due
to the need to develop an understanding of what
the ‘HRD process’ entails. By asking the stake-
holder “What is ‘HRD process’ and why is it signifi-
cant?” we were able to define HRD process and de-
termine that the goal (HRD process completed) can
be decomposed into two goals: Available course
slots announced (G7 in Table 2) and Qualified
personnel identified. Thus, in this specific case,
we eliminated one goal and replaced it with two new
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goals.

Goals can be consolidated by reconciling synony-
mous goals. For example, we initially identified two
similar goals: Skills improved and Qualifications
improved. The goal Qualifications improved was
‘absorbed’ by the goal Skills improved (Gis in Ta-
ble 2). The CTTS goal set evolution was affected
by using such refinement techniques. The number of
CTTS achievement goals was reduced from 27 to 19.

Using constraints

In the CTTS, several statements describe re-
quirements that must be met for a goal to be
achieved. For example, consider Constraint #1 in Ta-
ble 3 (Course must qualify employee to advance
to another level).

! Constraints

C : Course must qualify employee to advance to another level

C, : Certification enables empl to move up to higher certification level

Table 3: Constraints from CTTS Process Scenario

How was this constraint identified? The word ‘qual-
ify’ is a key indicator that a requirement must be
met. Before an employee can advance their certifi-
cation level, they must take a course which officially
qualifies them for advancement. Thus, the system
must ‘know’ which courses an employee can take. Note
that goal (Gg (Courses which employee qualifies
for identified) was identified from this constraint
and the responsible agent is actually the system.

Elaborating and refining goals

Goal dependency relations exist between pairs of
goals. A precedence relation between goals G; and Gy,
where goal G; must be completed before goal G, is ex-
pressed (G1 < (3. Precedence relations are identified
for each goal by asking “What goals are prerequisites
for this goal?” and “What goal(s) must follow this
goal?” Another useful method for determining prece-
dence relations is to search for agent dependencies.
For example, consider a payroll system where employ-



ees are paid by the hour. Before an employee can be
paid, the employee’s supervisor depends on the em-
ployee to provide him the necessary information (e.g.
time sheet). In this case, an agent dependency exists
between the employee and the supervisor. Our main
interest in organizing achievement goals according to
their precedence relations is to enable us to envisage
goal operationalizations and consider possible elabo-
rations and refinements.

In the CTTS we considered the prerequisites for
each goal. For example, before a career portfolio can
be reviewed, or updated, it must be created. Table 4
shows the ordering that resulted from our analysis of
G, (Career portfolio reviewed). By asking “What
are the prerequisites for this goal?” we determine that
Gi < G2. We also considered agent dependencies:
the supervisor depends on the employee to provide
him the necessary information to decide whether or
not to approve the employee’s career portfolio course
preferences so the IP can be made available. Thus in
Table 4, G3 < G4 < Gs.

L Achievement Goals ] Agent [ Stakeholders I
Gzz Career portfolio reviewed empl empl, supervisor
G_* : Career portfolio updated empl empl, supervisor
Gy.: Career portfolio made avail empl empl, DTM
Gs: Empl course prefs ready empl empl
Gy : IPs made avail HRD HRD, empl

Table 4: Ordered Achievement Goals

Identifying goal obstacles

The possible ways in which goals can by blocked
are considered by assigning a trivial obstacle to each
goal. This is helpful because it forces us to con-
sider specific cases that must be handled due to ac-
tivities which prevent goal completion. Addition-
ally, for each CTTS goal, we asked “Can the fail-
ure of another goal to complete cause this goal to be
blocked?” and identified two obstacles for Gyo (Ta-
ble 5). Other obstacles can be identified by asking
“What other goal('s) or condition does this goal depend
on?” Achievement of G4 (Career portfolic made
available), in Table 5, depends on whether or not
the supervisor’s concurrence is obtained. Thus, using
the “state as true” naming convention, Supervisor’s
concurrence not obtained gives rise to the obsta-
cle Career portfolio not made available. Since
Supervisor’s concurrence not obtained is an ac-
tual instance of this obstacle, it becomes a scenario.
Herein lies the difference between obstacles and sce-
narios. Obstacles denote the reason why a goal failed.
Scenarios denote concrete circumstances under which
a goal may fail. Scenarios can, thus, be considered
instantiations of goal obstacles.
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Identifying scenarios

Obstacle identification begins to identify ways in
which goals can fail. This information is elabo-
rated further via scenarios. Consider G7 (Available
course slots announced) in Table 5: the trivial ob-
stacle is Available course slots not announced.
We analyze this obstacle by asking “Why did this ob-
stacle occur?” and determine that one possible reason
is that no slots are available (G7 Obstacle # 2). Given
the obstacle No slots available we investigate pos-
sible circumstances leading to this being the case
by asking “What are the circumstances under which
this obstacle can occur?” and identify two scenar-
ios for Obstacle #2: 2.a All courses closed (max
capacity) and 2.b Course cancelled (no slots
available).

Scenarios help uncover hidden goals, issues or goal
obstacles. Consider G35 in Table 5: there are
several possible circumstances leading to the occur-
rence of the goal obstacle Submitted paperwork not
reviewed (Paperwork submitted late, Paperwork
not complete, and Paperwork not received). By
identifying these scenarios, we uncovered potential is-
sues which may have otherwise gone overlooked. For
example, if the paperwork is not received (or is not
complete), what action should be taken? Should any-
one be notified? Scenario analysis is also useful for
determining the postconditions of different behaviors
and goals. For example, by asking “What happens if
this goal isn’t achieved?” we can identify the differ-
ent possible postconditions for each goal. Consider
the goal Course & personnel matched, if this goal
is not achieved, employees will be unable to take a
course they specified in their preference lists and con-
sequently cannot improve their skills.

Operationalizing Goals

Goal information must ultimately be translated
into a requirements specification. This is done by
consolidating the goal information into a set of goal
schemas. Although a wide variety of representations
are available [5] [10] [11], we use an informal model-
based style based on the FUSION method [2]. Goal
schemas specify the relationships between goals and
agents in terms of events that cause a change of state.
Goals and their operationalizations (actions) are spec-
ified as events in terms of preconditions and postcon-
ditions. A precondition must exist for the achieve-
ment of a goal to be possible. For example, before
the goal Certification granted can be achieved,
an employee must first complete a qualifying course
(Course completed). The postcondition character-
izes the state of the system once the goal is completed.
Below we show how to specify goals using a goal
schema model. Figure 1 shows the goal schema model
for G7 (Available course slots announced).

The two subgoals for G7 in Figure 1 were identi-
fied by considering two maintenance goals: Position
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[ Achievement Goals

Goal Obstacles

Scenarios

G 4 Career portfolio made available

1. Career portfolio not made avail

1. Supervisor’s concurrence not obtained

G7: Available course slots announced

1. Avail course slots not announced
2. No slots available
3. Empl course prefs not reviewed

2.a All courses closed (max capacity)
2.b Course cancelled (no slots available)

G15 : Submitted paperwork reviewed

1. Submitted paperwork not reviewed

1.2 Paperwork submitted late
1.b Paperwork not complete
1.c Paperwork not received

Gig* Certification status improved

1. Certification status not improved
2. Certification not granted

1.a Certification status not updated
1.b Course not completed
1.c Empl! fails course

Table 5: Goal Obstacles and Scenarios

Goal: Available course slots announced

Type: Achievement

Description: HRD must announce the courses and the number of slots
available so that qualified personnel can be identified,
matched and notified.

Action: Announce course slots

Agent: HRD

Stakeholders: HRD, employee, TSD

Obstacles: 1. No slots available
2. Employee prefs not available

Scenarios: 1.1 All courses cloged (max capacity)
1.2 Courses cancelled (no slots avail)

Preconditions: 1. Employee prefs ready
2. IPs made available

Postconditions: Employee and course slot matched

Subgoals: 1. Qualifying training slots announced
2. Position training slots annocunced

Figure 1: Goal Schema Model for G~

training provided and Qualifying training
provided. These goals specify that there are actually
two different types of training courses offered to AFB
employees: qualifying training and position training.
Analysis of these two maintenance goals, coupled with
the achievement goal Gy, led to the construction of
two new achievement goals listed as subgoals in Fig-
ure 1. The action associated with goal G7 is defined
as follows:

action AnnounceCourseSlots

agent: HRD
reads: course.slots
changes:

assumes :course.slots available
employee.prefs ready
employee.IP made available
result: course.slots announced
end AnnounceCourseSlots

In above specification, action is the action which
should be taken to achieve goal G7. To announce the
available course slots, the environment must supply
course.slots. Since this particular action merely in-
volves the broadcasting of information (e.g. the avail-
able course slots) course.slots is not modified by
the action. The assumes clause shows what the en-
vironment is responsible for ensuring before the ac-
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tion (AnnounceCourseSlots) occurs. We now discuss
the lessons learned and provide practical recommen-
dations.

4 Lessons Learned

The only valid test of a practical method is in its use
on real projects. While the work reported here does
not yet provide that level of validation, it does provide
some insights. In this section we discuss our ideas
about goal-based requirements analysis and evolution
in the light of work reported above and discuss our
plans for future research.

In order to examine the evolution of the CTTS goal
set, we tracked the size of the goal set during each
stage of our analysis. Figure 2 shows the results of
our CTTS goal analysis. The ovals show the number
of identified instances of achievement and maintenance
goals, constraints, goal obstacles and scenarios. The
numbers depict the evolution of the initial goals to a
more refined and elaborated set of goals. Given 36
lines of text (470 words) in the CTTS textual descrip-
tion (Introduction and Process Scenario), we identi-
fied 21 goals. After our initial goal analysis, the size
of the goal set had been reduced to 18. The flow chart
goals were refined resulting in a reduction from 14 to
9. Once the duplicate goals were eliminated and the
synonymous goals reconciled, the set of achievement
goals was reduced in size again from 27 to 18. Finally,
as a result of refinements during operationalization,
the size of the achievement goal set actually increased
by 1 to 19. Our analysis of the evolution of the CTTS
goals yielded several ‘lessons’ which we now discuss.

Multiple sources yield better goals

The goals for a desired system are not always clear
at the outset. They must be extracted from diverse
sources of information. It is unreasonable to expect to
produce a complete goal set for a system from only one
information source, but the combination of goals ex-
tracted from various information sources does produce
a more complete set of goals especially if they incorpo-
rate the analysis of both the current and desired sys-
tem. Maintenance goals are more likely to arise when
exploring prescriptive organizational/policy level de-
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scriptions of a desired system which tend to dzlineate
the objectives of an organization. Consider, for exam-
ple, that we extracted 9 maintenance goals from the
CTTS prescriptive description and none from the pro-
cess description. Achievement goals are more likely to
arise when exploring process descriptions, which tend
to contain more action words (verbs) than prescriptive
descriptions. In our experience, it is easier to extract
achievement goals from flow charts than from, for ex-
ample, interview transcripts. Process descriptions in
flow charts tend to be much more clear and succinct
than a transcript of someone speaking with no organi-
zational structure to minimize tangential comments.
Stakeholders provide insight into viewpoints
GBRAM allows analysts to share knowledge about
the different stakeholders, their viewpoints and their
responsibilities so that inconsistencies can be detected.
Stakeholder identification allows us to consider when
agents stand to gain or lose by the completion or pre-
vention of each goal thereby facilitating the identifica-
tion of conflicting viewpoints. However, stakeholders
rarely give consideration to the actual goals of a sys-
tem without some form of prompting. They are more
likely to focus directly on operationalizations and ac-
tions they rely on a system to perform. Stakeholders
tend to state goals descriptively [1].
Diversity of goal information gives a rich picture
System requirements information tends to be much
more specific and more implementation-dependent
than domain theory information. Domain theory in-
formation may appear more useful for identifying the
high-level goals since the main concern is the overall
problem not a proposed solution. But, more concrete
goals and goal obstacles can be identified from system
requirements (which primarily focus on actual func-
tionality and system performance), ultimately lead-
ing to a better understanding of the system due to
the availability of more concrete descriptions allow-
ing us to more clearly envisage the desired system.
Consider, for example, the different types of goals
identified in the CTTS: maintenance goals extracted
from policy level descriptions and achievement goals
extracted from these same descriptions and process
descriptions. When operationalizing an achievement
goal, it is helpful to analyze the goals extracted from
a different source since they enable us to clarify our

143

understanding of the goal we seek to operationalize in
order to specify it in more detail.

Categorizing goals suggests operationalizations

It is useful to differentiate among types of goals ac-
cording to the target conditions of the goals. Given
that high-level maintenance goals are often not re-
flected in operational strategies, it is useful to differen-
tiate them from achievement goals. An efficient enter-
prise and use of information technology/systems de-
pends on a close correspondence between the support-
ing systems and the enterprise goals and objectives.
Maintenance goals tend to represent organizational
goals while achievement goals tend to represent op-
erational strategies. A close correspondence between
both is essential.

As expected before our study, achievement goals
best map to actions that occur in the system while
maintenance goals tend to be nonfunctional (actions
or constraints that prevent things from occurring).
Maintenance goals are helpful when operationalizing
achievement goals because they can point previously
overlooked goals. In the CTTS, our analysis of mainte-
nance goals resulted in refinements to the achievement
goals since the availability of new relevant information
at times provided additional descriptions of the goals
yielding more meaningful operationalizations. By cat-
egorizing goals, we can also begin to bridge the com-
munication gap between stakeholders and developers.

Constraints indicate requirements and point to new
goals

Constraints provide additional information about
requirements that must be met for a given goal to be
completed and they provide insight into issues that
must be considered when goal priorities change. For
example, a constraint may indicate when a goal can
be completed. Consider a constraint which specifies
that a meeting must be scheduled on a specific day. If
no room is available or no one can attend the meeting
on that day, then clearly goal priorities must be re-
examined. In the CTTS we identified new goals that
we otherwise would have overlooked by examining the
constraints. If an employee must take a course which
qualifies him to advance to another level, then there
must be a mechanism to identify the courses which the
employee is qualified to take (see Gg in Table 2).

Ezxceptions can be anticipated via goal obstacles

Goal obstacles are an effective mechanism to iden-
tify the possible ways for goals to fail and anticipate
exception cases that must be handled by system op-
erations. In the CTTS, obstacle analysis forced us
to consider the reasons that could prevent an agent
from achieving a goal. For example, consider Gio
in Table 5 (Certification status improved). The
two goal obstacles (1. Certification status not
improved and 2. Certification not granted)in-
dicate the need to be prepared to handle such possible
obstacles. If the certification is not improved, is it be-



cause the paperwork is tardy? If so, what goals must
follow? If an employee fails a course, is he eligible to
re-enroll in that course? Does he lose his ability to
improve his certification status? Another benefit of
obstacle analysis is the ability to more easily identify
scenarios to determine why a goal could be blocked
and when the relationship between goals and scenar-
ios deserves further research since obstacles indicate
which scenarios, if elaborated, would ensure coverage
of exception cases.
Scenarios play a major role in uncovering issues

Scenarios offer a natural and concrete way to de-
scribe the circumstances in which a goal may fail or be
blocked. They let us discover new goals and consider
alternative mappings from goals to operations. In the
CTTS, the use of scenarios allowed us to uncover hid-
den goals and obstacles and identify several circum-
stances leading to the occurrence a goal obstacle. By
considering the obstacle Submitted paperwork not
reviewed we uncovered issues that may otherwise
have gone overlooked. For example, if paperwork is
not complete, the employee must be notified and asked
to resubmit their paperwork or risk losing their abil-
ity to improve their certification status. When opera-
tionalizing goals, it is important to identify postcondi-
tions for each goal. Analyzing scenarios in the CTTS
enabled us to identify the different possible postcondi-
tions of various behaviors and goals. Our experiences
demonstrate that scenarios are useful for uncovering
and elaborating requirements, checking for complete-
ness and conflicts, and communicating with stakehold-
ers.

Future Work

Our findings have prompted us to strengthen our
understanding of the relationship between goals, ob-
stacles and scenarios. We seek to further develop and
validate our strategies to identify and construct goals.
The stability of goals is also interesting. If we can ver-
ify that goals are more stable and manageable than
other types of system information, then goals would
clearly be an excellent target for initial requirements
acquisition. Our future work will concentrate in part
on these elements of our goal-based approach. The re-
sults will influence our plans for building tools to sup-
port this process. We are currently prototyping tools
that will allow us to support the process of identifying
and capturing goals, responsible agents, stakeholders,
constraints, goal obstacles and scenarios. To broaden
our practical experience with the GBRAM, we are ap-
plying it to electronic commerce applications. In these
studies we are seeking to answer how goals are used to
identify and refine system requirements, and how the
method’s strategies are used in reengineering efforts
involving a team of analysts.
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