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Abstract Goal models represent interests, intentions, and
strategies of different stakeholders. Reasoning about the
goals of a system unavoidably involves the transformation
of unclear stakeholder requirements into goal-oriented
models. The ability to validate goal models would support
the early detection of unclear requirements, ambiguities,
and conflicts. In this paper, we propose a novel validation
approach based on the Goal-oriented Requirement Lan-
guage (GRL) to check the correctness of GRL goal models
through statistical analyses of data collected from gener-
ated questionnaires. System stakeholders (e.g., customers,
shareholders, and managers) may have different objectives,
interests, and priorities. Stakeholder conflicts arise when
the needs of some group of stakeholder compromise the
expectations of some other group(s) of stakeholders. Our
proposed approach allows for early detection of potential
conflicts amongst intervening stakeholders of the system.
In order to illustrate and demonstrate the feasibility of the
approach, we apply it to a case study of a GRL model
describing the fostering of the relationship between the
university and its alumni. The approach brings unique
benefits over the state of the art and is complementary to
existing validation approaches.
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1 Introduction

There is a general consensus on the importance of good
requirements engineering (RE) approaches for achieving
high-quality software. Requirements elicitation, modeling,
analysis, validation, and management are amongst the main
challenges faced during the development of complex
systems.

A common starting point in requirements engineering
approaches is the elicitation of goals that the targeted
system will need to achieve once developed and deployed.
Goal modeling can be defined as the activity of repre-
senting and reasoning about stakeholder goals using mod-
els, in which goals are related through links with other
goals and/or other model elements such as tasks that the
system is expected to execute, resources that can be used,
or roles that can be played [29].

Over the past two decades, several goal modeling lan-
guages have been developed. Amongst the most popular
ones, we find i* [54], the NFR Framework [9], Keep All
Objects Satisfied (KAOS) [50], Tropos [16], the Business
Intelligence Model (BIM) [20], and the Goal-oriented
Requirement Language (GRL) [26] part of the ITU-T
standard User Requirements Notation (URN). Ayala
et al. [6] have presented a comparative study of i* [54],
Troros [16], and GRL [26]. The authors have identified (1)
eight structural criteria that consider the characteristics of
the language constructs and are related to models, actors,
intentional elements, decomposition elements, additional
reasoning elements, and external model elements, and (2)
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six non-structural criteria that analyze the definition of the
languages, their use, and also the elements that comple-
ment them such as formalizations, methodologies, and
software tools. These criteria are mainly syntactical. Sev-
eral tools supporting modeling and analysis features for
these languages are available, and Almeida et al. recently
published a systematic comparison [2].

As goal models gain in complexity (e.g., large systems
involving many stakeholders who are often distributed),
they become difficult to analyze and to validate. Indeed,
tentative requirements provided by the stakeholders of
complex systems may be, among others, ambiguous, con-
tradictory, and vague, which may cause many issues when
the requirements engineer transforms such requirements
(expressed usually in natural language) into a formal syn-
tax in a specific goal description language. As incorrect
system requirements generated from goals can lead to cost,
delay, and quality issues during system development, it is
essential to ensure the validity of the source goal models.
Most of the work targeting the validation of goal models
focuses on the dynamic evaluation of satisfaction through
propagation algorithms [3, 5, 8, 9, 16, 21-23, 29]. To the
best of our knowledge, no empirical approach has been
proposed to establish the validity of goal models with
stakeholders.

Conflicts emanate when system stakeholders (i.e., indi-
viduals) or categories/groups of stakeholders (e.g., em-
ployees, customers, shareholders, and managers) have
different perceptions of a particular aspect of the system. It
is important to detect such conflicts early in the system
development life cycle. The main motivation of this re-
search is to validate goal models. In particular, we focus on
the use of empirical data collected from surveys adminis-
tered to the system stakeholders to help validate GRL
model artifacts and to identify and detect conflicts (that
may arise amongst intervening stakeholders) in GRL goal
models. In the rest of paper, we use the term group to
denote a category of stakeholders.

This paper aims to:

e Systematically create questionnaires from goal models
(i.e., map GRL elements and relationships to natural
language survey questions readable by non-experts)
that are administered to system stakeholders, according
to a proposed selection policy. Furthermore, our
survey-based approach allows for the validation of
goal models by a large number of stakeholders who can
be distributed geographically. Indeed, involving a large
number of stakeholders in the validation process can
increase our confidence in the goal model and promote
its acceptance.

e Extend our previous work [18] by providing an
enhanced survey vocabulary and by extending the
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questions to include: (1) quantitative contributions, (2)
qualitative and quantitative importance of goals, tasks,
and resources, (3) many dependency configurations,
and (4) indicators and actors.

e Tackle the issue of validating complex goal models
using empirical data that can be analyzed using proven
statistical methods such as ¢ test [17] and ANOVA
(Analysis of Variance) [13]. Applying statistical analy-
sis to the collected data provides a way to quantify the
confidence we have in the validity of goal models. In
addition, statistical methods, e.g., ANOVA and ¢ test,
allow for the measurement and the assessment of the
differences between respondent groups, which repre-
sents an essential tool to detect significant conflicts
between intervening stakeholders.

e Address scalability issues when validating large models
(with hundreds of links). We provide an optimization
strategy to minimize the number of generated
questions.

e Identify and analyze the possible interactions between
system stakeholders, in order to avoid the administra-
tion of all questions to all stakeholders.

We have chosen GRL [26] as target language, given its
status as an international standard, but our proposed
methodology can likely be applied to other goal-oriented
languages that visually support actors, intentional ele-
ments, and their relationships (including i* and Tropos),
thus maintaining the discussion generic.

The remainder of this paper is organized as follows. The
features of the GRL language are briefly overviewed in
Sect. 2. In Sect. 3, we present and discuss the proposed
validation approach for GRL models. Section 4 provides
guidelines for designing the validation survey from a goal
model. The analysis of stakeholder dependencies and in-
teractions is discussed in Sect. 5. Next, empirical data
analysis is presented in Sect. 6 and applied to a case study
of a GRL model describing the fostering of the relationship
between a university and its alumni (Sect. 7). A discussion
of benefits and threats to validity is provided in Sect. 8. A
comparison with related work is presented in Sect. 9. Fi-
nally, conclusions and future work are presented in
Sect. 10.

2 GRL in a nutshell

The Goal-oriented Requirement Language (GRL) [26] is a
visual notation used to model stakeholders’ intentions,
business goals, and non-functional requirements (NFR).
GRL integrates important concepts from:

1. The NFR Framework [9],
modeling of NFRs and

which focuses on the
the various types of
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relationships between them (e.g., AND/OR decompo-
sition, as well as positive and negative contributions).
The NFR Framework comes with goal decomposition
strategies along with propagation algorithms to esti-
mate the satisfaction of higher-level goals given the
attainment or non-attainment of lower-level ones.

2. The i* goal modeling language [54], which has as
primary concern the modeling of intentions and
strategic dependencies between actors. Dependencies
between actors concern goals, softgoals, resources and
tasks.

The basic notational elements of GRL are summarized
in Fig. 1. Actors (see Fig. 1a) are holders of intentions;
they are the active entities in the system or its environment
who want goals to be achieved, tasks to be performed,
resources to be available, and softgoals to be satisfied [26].
Actor definitions are often used to represent stakeholders as
well as systems. A GRL actor may contain intentional
elements and indicators describing its intentions, capa-
bilities, and related measures. Figure 1b illustrates the
GRL intentional elements (i.e., goal, task, softgoal, re-
source, and belief) that optionally reside within an actor.
A GRL indicator is a GRL-containable element used for
models that base GRL model analysis on real-world mea-
surements. An indicator may convert real-world values into
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Fig. 1 GRL notational elements, a GRL actors, b GRL intentional
elements and indicators, ¢ GRL links, d GRL qualitative contribution

types

GRL satisfaction values by comparing the former against
target, threshold, and worst-case values.

Figure 1c illustrates the various kinds of links in a goal
model. Decomposition links allow an intentional element
to be decomposed into sub-elements (using AND, OR, or
XOR). Beliefs, used to represent rationales from model
creators, are connected to GRL intentional elements using
belief links. Contribution links indicate desired impacts of
one element (intentional or indicator) on another element.
A contribution link has a qualitative contribution type (see
Fig. 1d) and/or a quantitative contribution (an integer value
between —100 and 100 in standard GRL). Correlation links
are similar to contribution links but describe side effects
rather than desired impacts. Finally, dependency links
model relationships between actors. For a detailed de-
scription of the GRL language, the reader is invited to
consult the URN standard [26].

In such goal models, determining the type of intentional
element is usually simple. The type of decomposition links
(AND, OR, or XOR) is also usually simple to assess,
although deciding we have enough (or too many) sub-
elements or alternatives is a harder question. The existence
of dependencies is also subject to discussions among
stakeholders. In addition, whether contributions and cor-
relations from indicators and intentional elements to other
intentional elements should be positive or negative, and to
what extent (including nonexistence), often leads to di-
vergent opinions. The need for contributions and correla-
tions, as well as that level they should have, are often the
subject of re-assessment when a goal model evolves, for
example, through additional refinement or decomposi-
tion [10, 39, 40]. These are amongst the many reasons why
goal-oriented model validation is required.

3 GRL-based validation approach

The activity diagram in Fig. 2 illustrates the steps of our
GRL-based goal model validation approach. The process
starts with the design of the system GRL model. In this
step, the requirements engineer or system analyst plays a
central role in shaping the problem and solution knowl-
edge, provided by the system stakeholders (through inter-
views, surveys, workshops, or other such requirements
elicitation techniques), into a GRL model. The resulting
GRL model is used to design the validation survey, i.e., a
questionnaire to be given to the system stakeholders.
Questions often involve simple answers on a scale that
goes from 1 (strongly agree) to 7 (strongly disagree). The
generated survey maps closely the structure and the se-
mantics of the GRL model under analysis.

Next, a dependency analysis and a classification of the
survey questions are performed (see Sect. 5). The output of
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Fig. 2 GRL validation approach

the later step is a questionnaire matrix that specifies which
question is associated with which stakeholder group, so
only relevant questions are asked to a given stakeholder.
The resulting stakeholder-specific surveys are then filled by
their respective stakeholders. In case the GRL model de-
scribes a socio-technical system (STS) that involves social
actors (human and organizations) and technical subsys-
tems, developers may also be considered as stakeholders,
amongst others, of the technical systems. Hence, the survey
questions associated with the technical system GRL sub-
model may be administered to the system developers. Fi-
nally, the collected survey data are statistically analyzed to
determine whether the GRL model requires modifications
(which should be re-assessed if they are major) or whether
it can be adopted.

Difficulties arise when many stakeholders with different
backgrounds and goal modeling expertise levels (if any)
participate in the engineering of requirements over a long
period of time, which hinders the quality of the goal model.

We define a conflict, with respect to a specific sub-
model, as a situation in which at least two groups of
stakeholders have different views of the sub-model under
analysis. These views are captured quantitatively using one
attitudinal question generated from the sub-model. The
agreement of a group of stakeholders with the sub-model is
expressed by a positive answer (i.e., that corresponds to a
value within a [1, 3] interval), while a disagreement is
expressed by a negative answer (i.e., that corresponds to a
value within a [5, 7] interval). The disagreement between
intervening groups is exhibited when we have major
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differences (i.e., statistically significant differences) in the
answers of the stakeholders to the survey questions asso-
ciated with the GRL sub-model. Note that we do not dis-
tinguish here the sources of conflicts, but the latter may
arise for various reasons such as different needs, under-
standings, priorities, or social values amongst stakeholders.
The outcome of the statistical analysis is discussed in the
following sections.

3.1 Analysis data conforming with the GRL model

Participants’ answers conform with the expected values
derived from the GRL model (i.e., the stakeholders agree
on all survey questions). In this case, the GRL model is
considered valid and it is adopted as is.

3.2 Analysis data not conforming with the GRL model

Answers to some questions do not conform with the GRL
model (i.e., responses within the [5, 7] range, indicating
disagreement). In this case, the questions with such nega-
tive answers are analyzed in order to understand the nature
of the disagreement (different needs, understanding, pri-
orities, social values, etc.). Two major situations can be
distinguished:

1. Questions administered to a single group of stakehold-
ers: The analysis of statistical descriptives (e.g., mean,
standard deviation, skewness, and kurtosis.) along with
the histograms may lead to:
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e A statistically significant portion of the participants
disagree with the question statement. In this case,
the stakeholders within the group should be
consulted and the problematic GRL artifact (cor-
responding to this specific question) should be
modified to reflect the stakeholders’ view.

e Participants’ answers are substantially different
from one another (e.g., flat histogram). These
differences should be discussed within the stake-
holders’ group. The GRL artifact might be
modified as a result of a resolution within the

group.

2. Questions administered to more than one group of
stakeholders: The statistical data analysis (e.g.,
t test [17] and ANOVA [13]) may lead to:

e Different groups of participants agree between
themselves (i.e., no conflicts) but their agreement is
not conform with the model. For example, all
involved stakeholders disagree with a question
statement (corresponding to one specific model
artifact). In this case, the stakeholders should be
consulted and the problematic GRL artifact (cor-
responding to those questions) should be revised
and modified in order to reflect the view of all
stakeholders.

e There is a conflict between the intervening groups.
For example, one group agrees with a question
statement while another group disagrees with it. In
such a situation, the stakeholders are consulted and
made part of the conflict resolution process.
Resolution can be achieved through a mediation
process or through less formal discussions between
the different parties. Please note that conflict
resolution could be done through many existing
approaches, and as such is out of the scope of this
paper.

Next, the requested modifications are incorporated
into the GRL model. For major modifications, such as
the deletion of many GRL elements/links or the
modification of link decompositions types, an addi-
tional iteration may be required. The process stops
when satisfactory results are obtained, leading to a
valid GRL model.

4 Design of the validation survey

The design of the validation survey, to be administered to
the system stakeholders, represents the corner stone of our
proposed validation approach. Stakeholders include anyone
who has a vested interest in the system (e.g., customers,
different types of end users, system developers, and

regulators). The survey questions should be produced
based on the GRL model’s intentional elements (goals,
tasks, etc.) and links (dependencies, decompositions, con-
tributions, etc.) for the target stakeholders (GRL actors).

4.1 Types of survey questions

Depending on the type of collected information, different
types of questions can be designed [45]:

1. Classification questions: They are used to collect and
classify information about participants. Classification
questions are required, for example, to check that an
acceptable quota of people or companies has been
interviewed. Note that the number of groups depends
on the number of categories of stakeholders involved
being modeled. Typical classification questions pro-
vide a profile of the participants—by finding out their
age, their sex, their social class, their marital status,
their position (role) within a company, etc. Further-
more, they are used to compare and contrast the
different answers of one group of participants with
those of other groups.

2. Attitudinal questions: Attitudes are opinions or beliefs

that people have about subjects or topics—they can be
deemed to be favorable or unfavorable. Matters of
opinion are collected by attitudinal questions. As the
term suggests, these questions seek to uncover people’s
beliefs and thoughts on a subject. Attitudinal questions
address, among others, the following: “ What do you
think of ...?”, “Do you agree or disagree with ...7”,
“How do you rate ...?”, etc. Typically, an attitudinal
question consists of a statement for which stakeholders
are asked to express their agreement or disagreement.
A 5-point or 7-point Likert scale [36] may be used to
measure the level of agreement or disagreement. The
format of a typical 7-point Likert-item scale is as

follows:

1. Strongly agree

2. Agree

3. Agree somewhat

4. Neither agree nor disagree (Undecided)
5. Disagree somewhat

6. Disagree

7. Strongly disagree

As our survey targets validation, it is composed of
attitudinal questions only.

A further variation on classification or attitudinal questions
is that they can be open-ended or closed. Open-ended
questions, as the name suggests, leave the participant free
to give any answer. A closed question is a question that
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limits participants with a list of answer choices that have
been anticipated (e.g., a scale). We focus here on closed
questions, for which analysis can be automated. Additional
open-ended contingency questions could be used to collect
suggestions in case of disagreement, as explored in our
previous work [18]. However, they require much effort
from participants (which might prevent them from par-
ticipating fully; this effort might also be wasted if everyone
disagrees), they require manual interpretation by analysts,
and they are actually not needed for conflict resolution if
stakeholders are involved through other means.

4.2 Survey questions vocabulary

Creating well-structured, simply-written survey questions
helps in collecting valid responses. While there are no

predefined rules on the wording of survey questions, there
are some basic principles such as relevance and accura-
cy [24] that do work to improve the overall survey design.
Although generic, the intent of Table 1 is to provide some
tips on how to derive question vocabulary from goal model
constructs. The presented examples of question vocabulary
are actually derived from the inherent definition of goal
model constructs. However, to produce relevant, accurate,
and well-understood surveys, the designed questions may
include technical words from the targeted domain. There-
fore, this exercise is currently done manually, which also
enables one to accommodate the many ways in which
people write goals (e.g., “maximize profits” versus “profits
be maximized”). The automation of survey question gen-
eration for models in specific goal-oriented languages is
left for future work.

Table 1 Examples of GRL
constructs and their

GRL intentional elements

corresponding questions Construct

Question vocabulary

vocabulary
Goal <goal-id>

Softgoal <softgoal-id>
Task <task-id>
Resource <res-id>
Indicator <ind-id>
Belief <text>

Actor <actor-id>

Actor with boundary <actor-id>

The full realization/fulfillment of <goal-id>
The sufficient achievement of <softgoal-id>
The completion/execution of <task-id>
Uses <res-id>

Reaching the target of <ind-id>

We believe that <text>

Actor <actor-id> participates in

Actor <actor-id> encloses

GRL intentional relations

GRL contribution
links

Question vocabulary

Make
SomePositive
Help

Unknown

Hurt
SomeNegative
Break

Contributes positively and sufficiently to
Has some positive contribution (with unknown extent) to
Helps (has a positive but insufficient contribution)

Has some contribution to (but the extent and the degree (positive or negative) are
unknown)

Hurts (has a negative but insufficient contribution)
Has some negative contribution (with unknown extent) to

Contributes negatively and sufficiently to

GRL correlation links

Question vocabulary

SomePositive

SomeNegative

Has some positive correlation (side effect) on

Has some negative correlation (side effect) on

GRL decomposition

Question vocabulary

links

Decomposition The satisfaction of each of the sub-intentional elements is necessary to achieve the
AND target

Decomposition The satisfaction of one of the sub-intentional elements is sufficient to achieve the
OR target, but many sub-intentional elements can be satisfied

Decomposition The satisfaction of one and only one of the sub-intentional elements is necessary to
XOR achieve the target
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=+ 25

Strongly agree

Attitudinal Question:

“The execution of Taskl helps the
realization of Goall”.

Please tell us to what extent you agree with
this statement 7

12 3 4 5 6 7
Strongly disagree

Fig. 3 Contribution of type Help and its associated question

Figure 3 illustrates an example of a contribution rela-
tionship of type HELP between task Taskl and goal
Goall, and its associated attitudinal survey question.
Specific words are used to describe the relationship type
(i.e., verb helps), and the involved participants with ap-
propriate achievement description (i.e., completion of task
Task1, realization of goal Goall).

A GRL dependency describes how a source actor
definition (the depender) depends on a destination actor
definition (the dependee) for an intentional element (the
dependum). Often, the modeler will use two consecutive
dependency links (from depender to dependum, and from
dependum to dependee) to express detailed dependencies,
but dependencies can be used in more generic situations as
well (see Table 2). The dependum specifies what the de-
pendency is about, i.e., the intentional element around
which a dependency relationship centers. With an inten-
tional element as a source of the dependency, the depender
may specify why it depends on the depender for the de-
pendum. With an intentional element as a target of the
dependency, the dependee may specify how it is required
to provide or satisfy the dependum.

Dependencies enable reasoning about how actor defini-
tions depend on each other to achieve their goals. Depen-
dency links can be used in a number of configurations
including but not limited to the ones described in Table 2.
According to the required level of detail, intentional ele-
ments inside actor definitions can be used as source and/or
destination of a dependency link.

4.3 Validation of quantitative contributions

In addition to the qualitative validation, presented in the
previous section, we may want to validate the quantitative
weight of contributions. To do this, a preliminary interval
decomposition is needed. One possible mapping (which is
implemented in jJUCMNav [28], an eclipse-based tool that
supports GRL modeling) is depicted in Table 3. It is worth
noting that crossing the boundaries between “qualitative”
and “quantitative” realms is recognized as a challenge [19].

Although the proposed partitioning of the range of numbers
is a reasonable one, it is not necessarily absolute. Our
proposed analysis approach still works even if the interval
boundaries are changed or relaxed, as needed.

For example, in addition to the qualitative question
presented in Fig. 3 and assuming a positive answer, we
may validate the weight of the help contribution using the
following question:

“The execution of Taskl helps the realization of
Goall. The weight of the contribution is evaluated to 25 on
a [1, 49] scale (1 being the lowest value, 49 being the
highest value). Should the contribution weight be:

1. Much more

2. Somewhat more
3. Fine as is

4. Somewhat less
5. Much less”

Similarly, we can validate quantitative contributions ex-
pressed as interval ranges.

Another alternative would be a quantitative validation
question, where the participant provides his input in terms
of a contribution weight (i.e., without using a Likert scale).
Such a question may have the following form:

“The execution of Taskl helps the realization of
Goall. The weight of the contribution is evaluated to 25 on
a [1, 49] scale (1 being the lowest value, 49 being the
highest value). In your opinion, what would be the appro-
priate weight of the contribution? Please rate the weight on
a[l, 49] scale: ...”

However, such questions would slowly bring par-
ticipants into a conflict resolution space, for which better
techniques (some of which being discussed in Sect. 8) are
available.

4.4 Validating the importance of intentional elements

A GRL intentional element can be given an importance level
when included in an actor. GRL-based analysis approach-
es [3] use this importance to compute the overall satisfaction
level of the containing actor. Such importance level can be
qualitative (e.g., High, Medium, Low, or None, which is the
default) or quantitative (between 0 and 100, O being the de-
fault and lowest value and 100 being the highest). The GRL
diagram in Fig. 4 shows a goal and a task contained by an
actor. The goal has an importance value of 100 (i.e., High)
whereas the task has an importance value of 25 (i.e., Low).

In our approach, to validate the importance of an in-
tentional element, we may use:

1. A validation question similar to the one used in Fig. 3,
where the participant expresses his agreement or
disagreement with the existing importance values.
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Table 2 GRL dependencies configurations and their corresponding questions vocabulary

GRL dependencies

GRL dependency configuration

Question vocabulary

:

Actorl depends on Actor2

This is a configuration that is typical of preliminary goal models that require further
refinement. A dependency is identified, but what, why, and how are still unknown

Resourcel Actor2

¥

Actorl depends on Actor2 to provide Resourcel

This is a configuration that focuses solely on strategic dependencies between actors.

Why and how the dependum is provided are unknown

Actor2

The dependum and why it is required are unknown
Actorl

é Softgoall f

How the dependum is provided is unknown

Actor2
Actorl RERTYTTI

‘ Softgoalt } ) < Taskl >

v,

Resourcel

The dependum is unknown

ActorZ

Resourcel

Actorl depends on Actor2 to execute Taskl.

To achieve Softgoall, Actorl depends on Actor2 to
provide Resourcel

To achieve Softgoall, Actorl depends on Actor2 to
execute Taskl

To achieve Softgoall, Actorl depends on Actor2 to
provide Resourcel by executing Taskl

This is a conhguratlon that details the dependum (Resourcel) together with why it is

required and how it is provided

2. A qualitative validation question, where the participant
provides his input in terms of a qualitative evaluation
of the element importance. Such a question may have
the following form (corresponding to the ActorGoall
in Fig. 4):

“In your opinion, how important to you is ActorGoall:

Not at all important
Low importance
Slightly important
Neutral

Moderately important

D S
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3.

6. Very important
7. Extremely important”

A quantitative validation question, where the par-
ticipant provides his input in terms of a quantitative
evaluation of the element importance. Such a question
may have the following form:

“In your opinion, how important to you is ActorGoall.
Please rate the importance from 0 and 100 [0 being not
important at all, 100 being extremely important]”: ...

Using options 2 and 3 would help determine the potential
qualitative/quantitative deviations between the original
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Table 3 Quantitative contribution intervals

Contribution type Quantitative interval

Make 100
SomePositive [50, 99]
Help [1, 49]
Unknown 0

Hurt [—49, —1]
SomeNegative [—99, —50]
Break —100

Actor

"
Laaeseet Ill.,""
R 4,

o
o
2, o
e, o
0, 8
. o
» .
ey as®
RLLTTTIIT LA

Fig. 4 GRL actor that contains intentional elements with importance
values

value (taken from the GRL model) and the participant’s
response.

4.5 Validation survey optimization

The validation survey should reflect all model artifacts and
cover both qualitative and quantitative aspects of a GRL
model. Although many useful GRL models we have ob-
served in the past had a handful of actors and a few dozen
intentional elements, some models are much larger in
size [46]. Deriving survey questions from GRL models
with hundreds of elements and links may lead to scalability
issues. One mitigation approach is to minimize the number
of generated questions. This can be achieved by clustering
questions for GRL sub-models, as follows:

e In decomposition links, all children are included in the
sub-model.

e Beliefs, associated with intentional elements, are
included in sub-models and are not assessed separately.

e The importance of intentional elements can be included
in a sub-model question and is not assessed separately.

Figure 5 illustrates an example of an attitudinal question
describing a help relationship and assessing the belief as
part of the sub-model.

Although such optimization helps reduce the number of
questions and improve the manageability of the survey, the

applicability of such recommendations is left to the full
discretion of the system analyst.

Table 4 characterizes the number of expected survey
questions corresponding to each GRL construct.

5 Analysis of stakeholder interactions

Due to the number of stakeholders and potential com-
plexity of GRL models, survey optimization is helpful but
may not be sufficient in reducing the cost of the overall
validation process. Indeed, deriving and administrating all
questions to all stakeholders quickly become very costly.
Asking too many questions may lead to decreased data
quality and/or abandoned surveys.

In order to reduce costs and the risk of losing par-
ticipants, a general guideline is to have one survey per type
of stakeholders (i.e., per GRL actor), which only includes
questions that pertain to the intentional elements and re-
lationships contained by that actor. However, stakeholders
often have dependencies and other types of interactions
that can lead to additional shared questions. We propose an
approach to identify and analyze the possible interactions
between system stakeholders. In this research, stakeholders
are captured using GRL actors (and their corresponding
boundaries) and the interactions between stakeholders are
expressed using explicit and/or implicit dependencies
(Sect. 5.1), and URN links (Sect. 5.2).

In this approach, we first identify the participating
stakeholders and then determine their potential interactions.

5.1 GRL actor dependencies
Dependencies between stakeholders can be classified as

explicit or implicit. Explicit dependencies are modeled as
dependency links, while implicit dependencies are modeled

Belief
Description...
Attitudinal Question:

! “The execution of Task-1

helps the realization of Goal-1

(Belief Description ...)".
Please tell us to what extent you
agree with this statement ?

12 3 4 5 6 7

Strongly agree

Strongly disagree

Fig. 5 GRL sub-model including a belief element and its corre-
sponding question
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Table 4 Characterization of the validation survey size

GRL construct

Expected number of generated questions per GRL construct

Contribution link

AND decomposition

OR decomposition

XOR decomposition
Intentional element importance
Actor importance

Group of qualitative contributions (connected to the
same element)

Group of quantitative contributions (connected to
the same element)

Dependency 1
Belief 1
Indicator

1 (either qualitative or quantitative)
2 (one for checking necessity and one for checking sufficiency)
2 (one for checking necessity and one for checking sufficiency)
2 (one for checking necessity and one for checking sufficiency)
1 (either qualitative or quantitative)
1 (either qualitative or quantitative)

3 (one for checking necessity, one for checking sufficiency, and one for checking the
qualitative weight distribution)

3 (one for checking necessity, one for checking sufficiency, and one for checking the
quantitative weight distribution)

3 (for checking its quantitative parameters: target, threshold, and worst-case values)

using contributions crossing actor boundaries. Figure 6
illustrates a GRL model having one explicit dependency
between ActorlGoal2 and Actor2Goall goals, and one
implicit dependency between task ActorITaskl and goal
Actor2Goall. Furthermore, since the execution of task
Actor2Taskl contributes to the realization of the goal Ac-
tor2Goall, such a contribution has an indirect impact on
the achievement of goal ActoriGoal2. Not only do we
include the intentional elements involved in the implicit
dependencies, but also their other direct incoming/outgoing
contributions, if any (only one level, not complete
subtrees).

Hence, the survey questions derived from the model in
Fig. 6 is administered to actors Actor! and Actor2 as
follows:

e The explicit dependency question involving goals
ActorlGoal2 and Actor2Goall is administered to both
actors.

e The implicit dependency’s questions relative to the help
contributions involving (1) ActorlTaskl and Actor2-
Goall, (2) Actor2Taskl and Actor2Goall, and (3)
ActorlTaskl and ActorlGoall are administered to both
actors.

Actorl
Actor2

Actor1Goall
: Actor1Task1 :
Actor1Goal2

Fig. 6 Actors’ dependencies example

Actor2Goall
Actor2Task1
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e The question relative to the help contribution from
ActorlGoal2 to ActorlGoall is administered to Actorl
only.

5.2 GRL actors with URN links

The use of URN links is another form of dependency
description. Figure 7 illustrates the use of a URN link
between two actors Agentl and Agent2. The symbols » and
« indicate the presence of a source and a target URN link,
respectively.

The association between Agent! and Agent2 is of type
IsAssociatedWith here. As URN links are typed user-de-
fined extensions, they do not have a visual representation in
GRL. However, such relationship can still be exploited
during analysis [4]. All questions relative to the interre-
lated actors (i.e., connected with URN links) should be
administered to both stakeholders.

6 Validation survey data analysis

Our main goal is to check whether stakeholders (survey
participants) agree on the proposed GRL model. Errors and
conflicts arise when we have major differences in the an-
swers of the stakeholders. Therefore, such issues should be
addressed and resolved.

As shown in Fig. 8, our model analysis strategy is based
on the data collected from the attitudinal questions. The
respondents’ responses to each attitudinal question may be
analyzed using: (1) descriptive statistics (in case there is
only one group involved), (2) independent sample
t test [17] (in case there are exactly two groups involved),
or (3) one-way ANOVA [13] (in case there are at least
three groups involved).



Requirements Eng (2016) 21:285-308

295

P Agentl 4 Agent2
e S,
Fig. 7 URN Actor Links Example
Survey Data

Number
of involved
groups

1 group 3 or more groups

2 groups
t-test ANOVA
Descriptive + +
Statistics Descriptive Descriptive
Statistics Statistics

Fig. 8 Selection of statistical analysis

A common question in the literature is whether it is
legitimate to use Likert scale data in parametric statistical
procedures that require interval data, such as 7 test [17] and
ANOVA [13]. This topic is the subject of considerable
disagreement [27, 32, 41]. A Likert scale is ordinal in
nature, but when it is symmetric and when the items are
equidistant, it behaves more like an interval-level mea-
surement [32]. In addition, many researchers consider that
parametric statistics are robust [33, 41] with respect to
violations of such an assumption and parametric methods
can be utilized without concern for “getting the wrong
answer” [41].

We use the SPSS software (Release 16.0) [25] to gen-
erate statistical descriptives, to perform ¢ test [17], and to
run one-way ANOVA [13] analysis.

6.1 Descriptive statistics

Descriptive statistics describe quantitatively the main fea-
tures of a collection of responses. Common measures in-
clude the mean, median, standard deviation (and/or
variance), and 95 % confidence intervals for the dependent
variables for each separate group as well as when all
groups are combined. In our context (i.e., a 7-point sym-
metrical Likert scale), the group mean relative to a question
would indicate whether the group members agree (e.g.,
mean is between 1 and 3) or disagree (e.g., mean is be-
tween 4 and 7) with the corresponding GRL sub-model. In
addition, skewness and kurtosis provide some information
concerning the distribution of scores. Positive skewness
values indicate that scores are clustered to the left, while

negative skewness values indicate a clustering of scores to
the right. Positive kurtosis values indicate that the distri-
bution is rather peaked (i.e., clustered in the center), while
negative kurtosis values indicate a distribution that is
relatively flat (too many cases in the extremes). Tabachnick
and Fidell [48] suggest inspecting the shape of the distri-
bution using a histogram. In this research, we will analyze
histograms annotated with normal curve (see “Appendix”
for examples).

6.2 Independent sample ¢ test

The independent sample ¢ test [17] evaluates the difference
between the means of two independent group subjects. It
evaluates whether the means of two independent groups are
significantly different from each other, with respect to
some continuous variable.

The independent sample ¢ test null hypothesis can be
written as follows:

Ho :py = (1)

where 1, stands for the mean of the first group and group
mean and y, stands for the mean of the second group.

The first step of the independent sample ¢ test is to run
Levene’s test [34] for equality of variances. This tests
whether the variances of scores for the two groups are the
same. The outcome of this test determines which of the
t values that SPSS provides is the correct one to use (see
Fig. 9):

e If the significance level (i.e., Sig.) is larger than 0.05 (a
priori o = 0.05), the first line of the ¢ test table produced
by SPSS, referring to the equal variances assumption, is
selected.

e If the significance level of Levene’s test is 0.05 or less,
this means that the homogeneity of variances assump-
tion is violated. Hence, the second line of the 7 test table
should be used.

The second step consists on assessing differences between
the groups. To find out whether there is a significant dif-
ference between the two involved groups, we refer to the
Sig. (2-tailed):

e If the value of the Sig. (2-tailed) is equal to or less than
0.05, there is a significant difference in the mean scores
of the dependent variable of each group.

o If the value of the Sig. (2-tailed) is above 0.05, there is
no significant difference between the two groups.

6.3 One-way ANOVA (analysis of variance)

One-way ANOVA [13] is a statistical technique that can be
used to evaluate whether there are statistically significant
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Levene’s Test
(Test of homogeneity of variances )

Homogeneity of
variances is not violated

Equal variances
assumed
(1stline in t-test table)

Reject HO (variances are
significantly different)

yes

Equal variances
not assumed
(2 line in t-test table)

Sig. (2-tailed) < o

no yes

Significant difference
between the 2 groups p

No significant difference
between the 2 groups p

*o.=0.05

Fig. 9 Independent sample 7 test procedure

differences between the mean values across several
population groups. This technique can be used only for
numerical data.

More specifically, one-way ANOVA tests the null
hypothesis:

Ho:py =y =iy =+ = Iy (2)

where pu is the group mean and k the number of groups.
These variance components are then tested for statistical
significance. If significant, then we reject the null hy-
pothesis that there are no differences between means and
accept the alternative hypothesis (i.e., H; = not Hy) where

Fig. 10 One-way ANOVA
procedure

Significant
(sig. < a)*

No significant
differences
between

groups 7
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Homogeneity of

variances is not violated significantly different)
ANOVA Significant Welch Test
Test (sig. < o)* (Robust test of
’ equality of means)

the means (in the population) are different from each
other [47].

The one-way ANOVA assumes the homogeneity of
variances. Levene’s F test [34] is used to test the as-
sumption of homogeneity of variance. Levene’s test uses
the level of significance set of priori for the ANOVA (e.g.,
o = 0.05) to test the assumption of homogeneity of vari-
ances. The following two sections discuss in detail the
procedure in both cases, homogeneity and non-homo-
geneity of variances. Figure 10 illustrates the steps for each
case.

6.3.1 The assumption of the homogeneity of variances is
met

If the significance value (i.e., sig. in Levene’s test [34]) is
greater than 0.05 (the o level of significance), then the
assumption of homogeneity of variances is met and we
have to look for the ANOVA table. The ANOVA table
shows the output of the one-way ANOVA and whether we
have a statistically significant difference between our group
means. If the significance level is greater than 0.05, then
there is no statistically significant difference between the
involved groups; otherwise, there is a statistically sig-
nificant difference in the group means. However, the
ANOVA table does not indicate which of the specific
groups differed. This information can be found in the post
hoc comparison table. Post hoc tests (also called multiple
comparison tests or a posteriori comparisons) are tests of
the statistically significant differences between group
means calculated after having done ANOVA. The Tukey

Levene’s Test
(Test of homogeneity of variances )

Reject HO (variances are

Significant
differences
between
groups

Games-Howell
post hoc test

Significant
(sig. < o)*

No significant
differences
between groups

Significant
(sig. < o)*

Tukey HSD

post hoc test

Specific

Significant
(sig. < o)*
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post hoc test [49] is generally the preferred test for con-
ducting post hoc tests on a one-way ANOVA but there are
many others. The Tukey’s HSD (honest significant differ-
ence) test [49] is a single-step, multiple comparison pro-
cedure and statistical test. In order to apply Tukey’s HSD
test, the observations being tested should be independent
and there should be an equal within-group variance across
the groups associated with each mean in the test (i.e., ho-
mogeneity of variances).

6.3.2 The assumption of the homogeneity of variances is
violated

If the equal variance assumption has been violated (e.g., if
the significance Sig. for Levene’s test is less than 0.05), we
can use adjusted F statistics. Two types of adjustments are
provided by the SPSS software: the Welch test [52] and the
Brown—Forsythe test [7].

We adopt the Welch test [52] because it is more pow-
erful and conservative than the Brown—Forsythe test [7]. If
the F ratio (from the Welch test) is found to be significant
(i.e., Sig. < o), the Games—Howell multi-comparison post
hoc test [15] is used to find the statistically significant
differences between the groups being studied. Otherwise,
we can conclude that there are no differences between the
involved groups.

7 Case study: fostering the university—alumni
relationship

In this section, we apply our proposed approach to a GRL
model (see Fig. 11) that describes how to foster the

Alumni Department

Alumnus

Serving alumni
through University
commitment

Provide
free

Mentoring
current students

Provide access to the
university learning
facilities

Provide discounts
on short courses
-25 registration fees

)
to seminars

Share alumni
information with
potential faculties

University-Alumni
relationship is fostered
And

Serving university
through alumni
commitment

Helping with student
placement through
internshio offerinas

Facilitating research
collaboration

relationship between a university (King Fahd University of
Petroleum and Minerals in Saudi Arabia) and its alumni.
The case study involves four types of stakeholders: alum-
nus, professor, alumni department staff, and the university
(administrators).

The realization of the goal university—alumni relation-
ship is fostered and can be achieved through the satisfac-
tion of three goals of three other actors (1) enhanced
industry—university collaboration, (2) serving university
through alumni commitment, and (3) serving alumni
through university commitment.

The realization of the goal serving the university
through alumni commitment can be achieved exclusively
(with a non-negligible impact) through volunteering,
mentoring current students, donating to the university,
helping with student placement through internship offer-
ings, facilitating research collaboration, and providing
feedback on courses and syllabi.

The alumni department tasks (organizing networking
events, providing access to the university learning facilities,
providing free admissions to seminars, and providing dis-
counts on short courses registration fees) contribute
positively with different levels to the achievement of the
goal serving alumni through university commitment. How-
ever, sharing alumni information with potential faculties
and the use of SMS (short message services) for all com-
munications, hurt the realization of that goal. These two
tasks represent an invasion of alumni privacy.

The realization of the goal enhanced industry—university
collaboration can be achieved (to some extent) through
professor offering consulting services, professors con-
tributing to industrial projects, and alumni facilitating re-
search collaboration. In addition, by providing feedback on

Professor

Enhanced Industry-
University
collaboration

Providing
feedback
on courses
and syllabi

Donating to
the university

Fig. 11 GRL model describing the fostering of the university—alumni relationship
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courses and syllabi, an alumnus helps the realization of the
goal rich course syllabi designed.
The GRL model presents:

e Two explicit dependency relationships between actors
alumnus and alumni department: (1) in order to
volunteer, an alumnus depends on the alumni depart-
ment to communicate all events through SMS, and (2)
in order to facilitate research collaboration, an alumnus
depends on the alumni department to share alumni
information with potential faculties.

e Two implicit dependencies between actors alumnus and
professor: (1) by facilitating research collaboration, an
alumnus helps the realization of the goal enhancing
industry—university relationship, and (2) by providing
feedback on courses and syllabi, an alumnus helps the
realization of the goal rich course syllabi designed.

7.1 Design of survey questions

Following the general guidelines introduced in Sect. 4,
Table 5 presents the 25 questions that have been derived
manually from the GRL model artifacts found in Fig. 11.
The design of the questions was simple and straightfor-
ward, requiring little time and effort (about half a day).
However, the questions’ wording has been slightly adapted
to improve the survey quality. A 7-point Likert scale was
used for the answers, as suggested in Sect. 4.1.

Based on a dependency analysis of the GRL model, the
designed survey has been administered to the participating
stakeholders namely alumni, professors, the alumni de-
partment, and university administrators, as described in
Table 5.

This application of the optimization guidelines of
Sect. 5 results in smaller and more targeted surveys pro-
duced for each type of stakeholder, instead of giving the
entire set of 25 questions to everyone: alumni (14 ques-
tions), professors (7 questions), the alumni department (10
questions), and university administrators (2 questions).

7.2 Survey administration and data collection

We have used Google Docs to create the survey, so we
could conduct it at no cost. Customized invitations were
emailed to potential participants. The survey was available
to participants for five weeks. The participation rate was as
follows: alumni (28 participants out of 52: 54 %), profes-
sors (20 participants out of 25: 80 %), alumni department
(13 participants out of 14: 93 %), and university adminis-
trators (4 participants out of 10: 40 %). It is worth noting
that most of the responses (65 %) were collected during the
first week. All respondents’ responses were confidentially
stored using protected Google Docs spreadsheets. The
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resulting spreadsheets were then imported into the
SPSS [25] software in order6 to conduct data analysis.

7.3 Survey data analysis

We have used SPSS [25] to generate statistical descriptives
and histograms, perform ¢ test, and conduct one-way
ANOVA. SPSS also generates several useful tables that
will be used in the subsequent sections.

To model the four involved GRL actors, we use group
as the dependent variable, with alumni coded as 1, pro-
fessors coded as 2, alumni department coded as 3, and
university administrators coded as 4.

7.3.1 Analysis of single group questions

Alumni Questions: Table 6a illustrates the statistical de-
scriptives for the questions administered to the alumni
group only (28 participants). It shows the mean, standard
deviation, skewness, and kurtosis for each question. Based
on the descriptives table and the analysis of the histograms
in Fig. 12), we conclude that answers to questions Q1, Q2,
Q4, Q5, Q6, Q11, and Q12 are positive (the mean values
<3.05, skewness, and kurtosis are positive). Question Q3
has a mean of 4.11 and a negative kurtosis (meaning that
the distribution is relatively flat) and skewness (meaning
that a clustering is at the right side). We conclude that the
alumni do not agree on question Q3. Hence, its corre-
sponding contribution relationship (by donating to the
university, an alumnus helps serving the university through
alumni commitment) should be revised.

Professor Questions: Table 6b illustrates the statistical de-
scriptives for the questions administered to the professor
group (20 participants). Question Q15 has a negative
skewness (i.e, clustering at the right side) value and a mean
of 1.9. Question Q16 has a negative skewness (i.e., flat dis-
tribution) and a mean value of 1.7. Question Q17 has positive
skewness and kurtosis values, and a mean of 2.1. The
minimum and maximum values are between 1 and 3 for Q15
and Q16, and between 1 and 4 for Q17. A simple analysis of
the frequency chart (i.e., histograms in Fig. 13 lead to the
approval of the GRL artifacts relative to Q15, Q16, and Q17.

Alumni Department Questions: Table 6c illustrates the sta-
tistical descriptives for the questions administered to the
alumni department group (13 participants). The ranges of
answers for questions Q18, Q20, and Q22 is [1, 3], for
question Q21 itis [1, 2], and for question Q19 itis [1, 4]. The
mean values for the answers to Q18 to Q22 is between 1.85
and 2.23. The analysis of the frequencies (see Fig. 14)
shows that the Alumni Department staff have responded
positively to questions Q18, Q19, Q20, Q21, and Q22.
Question Q23 has a mean value of 6 with a skewness of
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Table 5 Set of questions generated for validating the GRL model of Fig. 11

Id  Questions AQ PQ DQ uQ

Q1 By volunteering, an alumnus helps the realization of the goal serving the university through alumni AQl1
commitment

Q2 By mentoring current students, an alumnus helps the realization of the goal serving the university through AQ?2
alumni commitment

Q3 By donating to the university, an alumnus helps the realization of the goal serving the university through AQ3
alumni commitment

Q4 By helping with student placement through internship offerings, an alumnus helps the realization of the AQ4
goal serving the university through alumni commitment

Q5 By providing feedback on courses and syllabi, an alumnus helps the realization of the goal of serving the AQS5
university through alumni commitment

Q6 By facilitating research collaboration, an alumnus helps the realization of the goal serving the university AQ6
through alumni commitment

Q7  In order to perform volunteering, an alumnus depends on the alumni department to communicate all events AQ7 DQ9
through SMS

Q8  In order to facilitate research collaboration, an alumnus depends on the alumni department to share AQ8 PQ7 DQI10
alumni information with potential faculties

Q9 By facilitating research collaboration, an alumnus helps the realization of the goal enhancing industry— AQ9  PQ3
university relationship

Q10 By providing feedback on courses and syllabi, an alumnus helps the realization of the goal rich course ~ AQ10 PQ4
syllabi designed

Q11 The following alumni tasks volunteering, mentoring current students, donating to the university, helping AQI1
with student placement through internship offerings, facilitating research collaboration, and providing
feedback on courses and syllabi help equally the realization of the goal serving the university through
alumni commitment

Q12 The realization of the goal serving the university through alumni commitment can be achieved exclusively AQI12
(with a non-negligible impact) through volunteering, mentoring current students, donating to the
university, helping with student placement through internship offerings, facilitating research
collaboration, and providing feedback on courses and syllabi

Q13 Sharing alumni information with potential faculties hurts the realization of the goal serving alumni through AQ13 PQ6 DQ5
university commitment

Q14 The execution of use SMS for all communications hurts the realization of the goal serving alumni through AQ14 DQ6
university commitment

Q15 Through consulting, a professor helps the realization of the goal enhanced industry—university PQl1
collaboration

Q16 By contributing to industrial projects, a professor helps the realization of the goal enhanced industry— PQ2
university collaboration

Q17 The realization of the goal enhanced industry—university collaboration can be achieved exclusively (with a PQ5
non-negligible impact) through professor offering consulting services, professors contributing to
industrial projects, and alumni facilitating research collaboration

Q18 By providing access to the university learning facilities, the alumni department helps the realization of the DQI1
goal serving alumni through university commitment

Q19 By providing free admissions to seminars, the alumni department helps the realization of the goal serving DQ2
alumni through university commitment

Q20 By providing discounts on short courses registration fees, the alumni department helps the realization of DQ3
the goal serving alumni through university commitment

Q21 By organizing networking events, the alumni department helps the realization of the goal serving alumni DQ4
through university commitment

Q22 The realization of the goal serving alumni through university commitment can be achieved exclusively DQ7
(with a non-negligible impact) through organizing networking events, providing access to the university
learning facilities, providing free admissions to seminars, and providing discounts on short courses
registration fees

Q23 Sharing alumni information with potential faculties and using SMS for all communications have the same DQ8

non-negligible negative impact on the realization of the goal serving alumni through university
commitment
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Table 5 continued

1d Questions

AQ PQ DQ UQ

Q24 The satisfaction of each of the following goals: (1) serving university through alumni commitment (2) UQl
serving alumni through university commitment (3) enhanced industry—university collaboration is
necessary to achieve the goal university—alumni relationship is fostered

Q25 The satisfaction of each of the following goals: (1) serving university through alumni commitment (2) uQ2
serving alumni through university commitment (3) enhanced industry—university collaboration is
sufficient to achieve the goal university—alumni relationship is fostered

Italics refer to the model intentional elements

AQ Alumnus Question, PQ Professor Question, DQ Department Question, UQ University Question

Table 6 Descriptive statistics N Mean SD Skewness Kurtosis

for the questions involving one

group Statistic Statistic Statistic Statistic SE Statistic SE
(a) Descriptive statistics for questions Q1-Q6, Q11, and Q12
Ql 28 2.57 1.372 765 441 .078 .858
Q2 28 2.39 1.571 1.015 441 .076 .858
Q3 28 4.11 2.283 —.202 441 —1.481 .858
Q4 28 2.29 1.630 1.326 441 769 .858
Q5 28 1.86 1.145 1.254 441 791 .858
Q6 28 1.82 .819 789 441 263 .858
Ql1 28 2.64 1.193 903 441 1.182 .858
Q12 28 3.00 1.122 .508 441 779 .858
(b) Descriptive statistics for questions Q15-Q17
Q15 20 1.90 .553 —.083 512 766 .992
Ql6 20 1.70 .657 396 512 —.547 992
Q17 20 2.10 .788 531 512 490 992
(c) Descriptive statistics for questions Q18-0Q23
Q18 13 2.00 577 .000 616 1.036 1.191
Q19 13 223 725 1.156 .616 2.469 1.191
Q20 13 1.85 .689 203 .616 —.496 1.191
Q21 13 1.69 480 —.946 .616 —1.339 1.191
Q22 13 2.23 .599 —.065 .616 .051 1.191
Q23 13 6.00 577 .000 .616 1.036 1.191
(d) Descriptive statistics for questions Q24 and Q25
Q24 4 1.50 577 .000 1.014 —6.000 2.619
Q25 4 2.25 .500 2.000 1.014 4.000 2.619

0.000 (symmetric distribution), a range between 5 and 7. We
can conclude that participants disagree on question Q23.
University Administrators Questions: Table 6d shows
mean values of 1.5 and 2.25 for Q24 and Q25, respectively.
The answers range for Q24 is [1, 2], while the answers range
for Q25 is [2, 3]. We can conclude that university admin-
istrators (4 participants) agree on both questions (Fig. 15).

7.3.2 Analysis of the questions involving two groups
In this section, we apply independent sample ¢ test to

the data collected from questions administered to two
stakeholders.
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Table 7a provides the mean and the standard deviations
of alumnus and professor groups with respect to questions
Q9 and QI10. Levene’s test (see Table 7b) shows that the
variances for the two groups (alumnus/professor) are not
equal for both questions Q9 and Q10 (Sig. is 0.681 and
0.092, respectively). Hence, we have to refer to the value of
the column labeled Sig.(2-tailed) on the second line of each
question row. Based on the values of significance, we can
conclude that there is no difference between both groups
with respect to question Q9 (Sig. = 0.705 > 0.05), while
there is a statistically significant difference with respect to
question Q10 (Sig. = 0.000 < 0.05). We conclude that
there is a conflict with respect to question Q10, between the
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Table 7 Group statistics and
. Std. Std. Error
1nde1;).ende.nt salmple i test for the Groun N Mean Deviation Mean
uestions 1mvolvin, WO groups
d & hwo group Q 1 28 | 189 916 173
2 20 1.80 .768 172
Q10 1 28 2.14 1.239 234
2 20 5.35 1.843 412
(a) Group statistics for questions Q9 and Q10
Levene's Test for
Equality of Variances t-test for Equality of Means
F Sig. t df Sig. (2-tailed)
Q9 Equal variances 71 681 370 46 713
Equal variances 381 | 44.742 705
Q10 Fqualvariances 2.956 092 | 7217 46 000
Equal variances -6.766 | 30.968 000
(b) Independent samples t-test for Q9 and Q10
Std. Std. Error
Group N Mean Deviation Mean
Q7 1 28 2.96 1.815 .343
3 13 2.00 816 226
Q14 1 28 4.57 1.989 376
3 13 6.08 494 137
(c) Group statistics for questions Q7 and Q14
Levene's Test for
Equality of Variances t-test for Equality of Means
F Sig. t df Sig. (2-tailed)
o Equal varlances 14.011 001 | 1.822 39 076
Equal variances not 2346 | 38997 024
Q14 Equal variances 33.331 000 | -2674 39 011
Equalvarlances not 3763 | 33.316 001

(d) Independent samples t-test for Q7 and Q14

alumnus group (agrees with a mean of 2.14) and the pro-
fessor group (disagrees with a mean of 5.35), that should be
addressed.

Table 7c provides the means and the standard deviations
of the alumnus and alumni department groups with respect
to questions Q7 and Ql14. Levene’s test (see Table 7d)
shows that the variances for the two groups (alumnus/
alumni department) are equal for both questions Q7 and
Q14 (Sig. is 0.001 and 0.000, respectively). Hence, we
have to refer to the value of the column labeled Sig.(2-
tailed) at the first line of each question row. Based on the
values of significance, we can conclude that there is no
difference between both groups with respect to question
Q7 (Sig. = 0.076 > 0.05), while there is a statistically
significant difference with respect to question Q14

(Sig. = 0.011 < 0.05). The alumni group is neutral with
respect to Q14 (i.e., mean = 2.14), while the alumni de-
partment group disagree (i.e., mean = 6.08). We conclude
that there is a slight conflict with respect to question Q14,
between the alumnus group (kind of neutral with a mean of
4.57) and the alumni department group (disagreeing with a
mean of 6.08), that should be addressed.

7.3.3 Analysis of questions involving three groups

Table 8a shows the group means and the standard de-
viation for each group for both questions Q8 and Q13. For
question Q8, the F' value for Levene’s test (see Table 8b) is
1.381 with a Sig. value of 0.26. Because the Sig. value is
greater than our alpha of 0.05, the assumption of
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homogeneity of variances is not violated. Hence, we can
proceed with ANOVA.

The ANOVA (see Table 8c) produces a Sig. value of
0.291, which is greater than 0.05. We can conclude that
there is no differences between the three groups with re-
spect to question QS.

For question Q13, the F value for Levene’s test (see
Table 8b) is 5.171 with a Sig. value of 0.009. Because the
Sig. value is less than our alpha of 0.05, we reject the null
hypothesis for the homogeneity of variances and we
proceed with the Welch test (see Table 8d). The F ratio is
found to be significant with the Welch test since Sig. is
0.000 (less than 0.05). We reject the null hypothesis
and proceed with the Games—Howell test [15] for post
hoc comparison. The multiple comparisons table (see
Table 8e) shows significant differences between the
alumnus group and the professor/alumni department
groups (with Sig. values of 0.002 and 0.000, respectively).
No difference is found between the professor group and
the alumni department group since Sig. is 0.081 > 0.05.
We conclude that there is a conflict between the alumnus
group (kind of neutral with a mean of 4.36) and the
professor/alumni department groups (disagreeing with
means of 5.75 and 6.46 respectively) that should be
addressed.

For this case study, our validation approach has detected
issues and conflicts with respect to several parts of the GRL
model related to questions, which represent 20 % of the
questions. These parts of the model hence require conflict
resolution, and possibly re-validation, as suggested in our
process (Fig. 2). Q3 is a positive contribution that can be
reassessed by the alumnus group, whereas Q23 requires re-
balancing the two negative contributions by the alumni
department staff. The resolution of issues related to the
positive and negative contributions covered by Q10, Q13,
and Q14 requires the participation of two or three cate-
gories of stakeholders.

8 Discussion
8.1 General benefits of the approach

One important objective of using goal models in software
engineering and in other domains is to enable stakeholders
to disagree sooner, when modifications are not costly. It is
also often easier to disagree about a compact goal model
than to try to do the same on textual documents, whose
length and stylistic or grammatical issues are often
distracting.

The validation approach proposed here brings the fol-
lowing benefits, which allow people to agree and
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Table 8 Analysis of the data collected from the questions involving
three groups

Std. Std.

N Mean Deviation Error

Q8 1 28 2.1 .956 181
2 20 2.30 1.418 317

3 13 1.69 630 175

Total 61 2.08 1.085 139

Q13 1 28 4.36 1.521 287
2 20 5.75 1.164 260

3 13 6.46 .660 183

Total 61 5.26 1.526 195

(a) Descriptives for Q8 and Q13

Levene
Statistic_| df1 df2 Sig.
Q8 1.381 2 58 .260
Q13 5.171 2 58 .009
Qs (b) Levene’s test for Q8 and Q13
Sum of Mean
Squares df Square F Sig.
Between Groups 2.942 2 1.471 1.261 291
Within Groups 67.648 | 58 1.166
Total 70.590 | 60
Q13 (c) ANOVA table forQ8
Statistic? | df1 df2 Sig.
Welch 18.798 2 | 37.869 | .000

a. Asymptotically F distributed.
(d) Welch test for Q13

Q13
Games-Howell
Mean
) W) Difference Std.
Group  Group (-J) Error Sig.
1 2 -1.393" .388 .002
3 -2.104" 341 .000
2 1 1.393" 388 002
3 -712 318 .081
3 1 2.104" 341 .000
2 712 318 .081

*. The mean difference is significant at the 0.05 level.
(e) Posthoc Games-Howell table for Q13

* The Mean difference is significant at the 0.05 level
* Asymptotically F distributed

especially to disagree sooner, in a more systematic way,
at little cost:

1. Our approach offers a systematic way to cover the
elements and relationships of a goal model through
natural language questions readable by non-experts.

2. As our validation approach is survey based, it enables

validation by a large number of stakeholders, who can
be distributed geographically.
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3. The survey administration can be done asynchronously:
Not everyone needs to do it at the same time, and longer
surveys do not have to be filled all at once either.

4. The data collection procedure avoids peer pressure
since the survey is anonymous.

5. The number of questions is minimized by focusing on
questions relevant to the context of each actor (internal
elements and relationships, as well as immediate
interactions with other actors).

6. Tables 1 and 2 provide vocabulary for all GRL
constructs. We believe the generation of survey
questions to be partially automatable in that context.

7. The generation of survey questions itself allows for
reasoning about the model artifacts and provides
insight into the model design rationale. An analyst is
likely to detect issues in the model while deriving and
inspecting the survey questions.

8.2 Threats to validity

Our approach and the case study we performed are subject
to several limitations and threats to validity, categorized
here according to three important types of threats identified
by Wright et al. [53].

In terms of conmstruct validity, there is some criticism
with respect to the use of various parametric methods such
as t test, ANOVA, and regression with (1) small sample
sizes and (2) data that might not be normally distributed.
However, Norman [41] has shown that parametric statistics
are robust with respect to violations of these assumptions. In
addition, GRL models for software applications often in-
clude an actor capturing the system and its intended func-
tionalities (and how the latter contribute to fulfilling
stakeholder objectives). Such system actor was not part of
our case study, and one would need to determine who would
be responsible to answer its associated questionnaire (e.g.,
developers). Note also that our case study did not focus on
the resolution of the conflicts and other issues discovered
through validation; whether there is a rapid convergence
toward a resolution is outside the scope of this paper.

Regarding internal validity, there is a risk that par-
ticipants do not answer seriously and meaningfully the
survey questions. This could be detected in the future
through partially redundant questions, at the cost of longer
surveys. In our case study, there was no attempt to ran-
domize participation (as this is a real situation, with real
stakeholders) or train them properly on goal modeling and
on GRL specifically. This might have introduced some bias,
which might have influenced participant answers. Another
threat may be related to the difficulty to enroll participants
and its incurred cost. On the other hand, validation cannot
happen without the participation of stakeholders.

As for external validity, the approach is currently tai-
lored to GRL. Although GRL has many constructs that are
common with other goal modeling languages, the approach
and guidelines might not be generalizable to other such
languages without substantial adaptation. In addition, fea-
sibility was demonstrated only on one realistic case study
(this paper), and on a simpler GRL model (with no actor)
describing the introduction of a new security elective
course in a university curriculum [18]. Generalization to
other domains and to larger models remains to be investi-
gated. Also, although these case studies offer a good cov-
erage of GRL elements and relationships, some constructs
have not been used yet (e.g., indicators and URN links).
Future case studies should ensure a good coverage of such
constructs.

9 Related work

The growing popularity of goal-oriented modeling, and its
adoption by a large international community, led to the
development of many goal-oriented analysis methodolo-
gies [3, 5, 9, 16, 21, 29]. The latter differ in their targeted
notation and in their purpose. However, it is worth noting
that most of these methodologies focus on the qualitative
or/and quantitative evaluation of satisfaction levels of the
goals and actors composing the model given some initial
satisfaction levels [3, 9, 16, 22, 23].

Based on the i* framework, Horkoff et al. [23] have
developed an interactive (semi-automated), forward
propagation algorithm with qualitative values. They have
also explored an interactive backward propagation algo-
rithm with quantitative values [22]. Amyot et al. [3] have
proposed three algorithms (qualitative, quantitative, and
hybrid) to automatically propagate satisfaction levels in a
GRL model. Initial satisfaction levels for some of the
intentional elements are provided in a strategy and then
propagated, using a forward propagation mechanism, to
the other intentional elements of the model through the
various graph links. Giorgini et al. [16] have used an
axiomatization approach to formalize goal models in
Tropos using four qualitative contribution levels (—, — —,
+, ++). The authors have provided forward and back-
ward propagation algorithms to detect three types of
conflicts (weak, medium, and strong). However, there are
several research contributions that target the correct syn-
tactical construction of goal models, with the measurable
satisfaction of generic properties. Several tools exist that
can check the syntax and well-formedness of models in
most goal-oriented modeling languages [2, 4].

There also exist techniques that aim to detect com-
plexity or incompleteness issues by computing metrics on
goal models, for example, in i* [14] and in KAOS [11]. A

@ Springer



304

Requirements Eng (2016) 21:285-308

few approaches exploit discussions and argumentation
theory for validating the consistency of vocabulary and
ontologies used in goal models [29, 30, 37]. Jureta
et al. [29] have proposed a question-based Goal Argu-
mentation Method (GAM) to help clarify and detect any
deficient argumentation within goal models. However,
their approach considers neither survey administration nor
statistical analysis. To the best of our knowledge, no em-
pirical approach has been proposed to establish the validity
of goal models with stakeholders.

There are even approaches that attempt to assess the
usability and cognitive effectiveness of entire goal-oriented
modeling languages, as in Moody’s Physics of Notations
applied to i* [38].

In his early work, Robinson [42] proposed an approach
allowing for the identification and characterization of
conflicts as differences at the goal level. The identified
conflicts can then be resolved through negotiation [43].

In terms of participatory construction of goal models,
there is recent work that aims to support stakeholders in
reaching agreement on contributions in goal models. In
particular, the analytical hierarchy process (AHP) tech-
nique [44] is used to take into consideration the opinions of
many stakeholders, through surveys based on pairwise
comparisons. Relative contribution weights have hence
been computed with AHP for i* by Liaskos et al. [35], for
the NFR framework by Kassab [31], for GRL by Akhigbe
et al. [1], and for a proprietary goal modeling language by
Vinay et al. [51]. Although and AHP-based approach is
useful when constructing goal models, it does not prevent
the need for validation. In addition, such approaches are
quite limited in terms of the number of constructs they
cover; they essentially target relative contributions (in-
cluding correlations) where weights must be positive.
Moreover, they neither cover negative contributions nor
collections of contributions targeting a same intentional
element and whose weights sum up to a value different
from 100 % (i.e., over-contributions and under-contribu-
tions are not supported).

Our validation approach is original in its use of em-
pirical data through surveys and of statistical analysis in the
context of goal model validation, and it is complementary
to the approaches discussed above.

10 Conclusions and future work

In this paper, we have proposed a novel participation-
oriented validation approach for GRL models based on

@ Springer

empirical data collection and analysis. We have proposed a
procedure and vocabulary to derive survey questions from
GRL models. To tackle the scalability issue, we have
proposed optimization guidelines to allow for the assess-
ment of sub-models instead of isolated GRL constructs. In
addition, we have discussed the impact of conducting a
dependency analysis of the intervening stakeholders on the
reduction of the number of questions administered to each
stakeholder group.

The collected data are then analyzed using proven sta-
tistical methods such as ¢ test and ANOVA (analysis of
variance) in order to detect conflicts between stakeholders,
hence allowing them to “disagree sooner.” Furthermore,
our approach could guide the argumentation and justifica-
tion of modeling choices during the construction of goal
models.

We have illustrated and evaluated our approach through
a realistic case study, leading to four types of question-
naires answered by a total of 65 participants. The results
were discussed, the uniqueness of the approach was argued
through a comparison with related work, and limitations
and threats to the validity of this work were identified in the
previous two chapters.

As part of our future work, we plan to develop our
validation approach further to go beyond conflict detection
to conflict resolution, and to study resolution convergence
issues, if any. Ontologies could also be explored to support
questionnaire-based validation and conflict detection rather
than relying solely on the grammatical constructs of a
language [12, 29]. The partial automation of the generation
of questionnaires (with real or skeleton questions) from
goal models themselves is also an interesting and critical
challenge that can accelerate the usability and efficiency of
the approach. Further empirical evidence should be col-
lected on new case studies and usability experiments,
which should also help cover constructs missing from our
existing case studies. There is, finally, an opportunity to
empirically evaluate the generation of questionnaires itself
by assessing the validity of various alternatives to the
currently proposed vocabulary.
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Appendix: SPSS generated histograms

See Figs. 12, 13, 14 and 15.
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