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ABSTRACT

Softw are development is a complex process. Computer Science students progress
I
| through their degree programs and enter industry so that they max contribute to the

software development endeaxor. In industry, softxxare engineers work on a variety o f 

projects with x arytng complexity. While the types of projects xary. the size and 

complexity o f the projects is greater than the small group projects dex eloped in 

mandatory undergraduate Softxxare Engineering courses. While the small group project, 

consisting o f a team o f 4 to 5 students, is intended to be a small version o f a "real-xx orld" 

project, discrepancies are evident that impact the real-world experience. A primary 

aspect of a small group project is that the instructor minimizes the likelihood that 

students' projects will fail at an early stage. During the requirements elicitation actixity 

where students ask the instructor (the customer) questions, students expect that the 

instructor u ill provide correct information. Due to course restrictions. Requirements 

Analysis and Requirements V alidation actix ities are conducted in a limited fashion. In 

the area o f Change Management, students do not respond to the customer's feedback xvith 

the addition or rex ision o f requirements in the system after delivery. Projects in industry 

do not prox ide such assurances.

In order to prox ide students with a more realistic opportunity to explore the

softxxare dex elopment lifecycle, this dissertation describes a simulator that provides

undergraduate Softxxare Engineering students with the Requirements Engineering

k^ow ledge and skills normally acquired while working on a large project. The simulator

and the underlying model, based on System Dynamics Modeling, is intended for use in

the undergraduate Software Engineering classroom. As the use o f this research is to

iii
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enhance instruction, the hypothesis was tested whereby students, enrolled in an 

introductory course, using the simulator can increase their level o f understanding, based 

on Bloom's Taxonomy, of the Requirements Analysis and Specification activities utilized 

in a long-term project.
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Chapter 1. Introduction 

/ .  I  Chcr\ ten

The purpose o f the undergraduate Software Engineering course is to provide 

undergraduate Computer Science and Computer Systems Engineering students (at 

Arizona State University) with the skills and knowledge needed to enable them to 

successfully participate in the software development process in industry . While the 

techniques used in industry may not be identical to those used in class, the overall 

lifecycle and activities are essentially the same. In class students are provided the 

opportunity to apply their newly acquired knowledge and skills in a small team project 

that lasts the majority o f the semester. The project encompasses the Requirements phase 

through the Testing phase using the Waterfall process model. W hile the opportunity is 

provided, gaps are present that do not allow students to apply a variety o f techniques in 

the same activity or to experience the interaction w ith customers in a more realistic 

manner than is currently accomplished via the instructor (and customer).

The objective o f this research is to define and evaluate a model to provide 

undergraduate Software Engineering students with the knowledge and skills normally 

acquired while working on a large project. The model is based on System Dynamics 

Modeling (Abdel-Hamid &  Madnick. 1991) and a large project simulator, intended for 

use in the undergraduate Softw are Engineering classroom. The use o f the research to 

enhance instruction calls for an additional hypothesis, w here the student w ho uses the 

simulator can better understand the Requirements Analysis and Specification activities in 

a long-term project.
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1.2 Statement o f the Problem

Software development is a complex process. Computer Science students progress 

through their degree programs and enter industry so that they may contribute to the 

software development endeavor. In industry, software engineers work on a variety o f 

projects with varying complexity. While the types o f projects varies, the size and 

complexity o f the projects is greater than the small group projects that students develop 

w hile enrolled in the required undergraduate Softw are Engineering course at Arizona 

State University (and at many other universities). While the small group project consists 

o f a team o f 4 to 5 students is intended to be a small version o f a “real w orld” project, 

discrepancies are evident that impact the real world experience.

The primary aspect o f a small group project is that the instructor minimizes the 

likelihood that students' projects w ill fail at an early stage. During the requirements 

elicitation activity where students ask the instructor (the customer) questions, students 

expect that the instructor w ill provide correct information. In industry, customers may 

not always know the answers to developers’ questions or may provide vague or 

incomplete answers unintentionally. In order to compensate for the compressed nature o f 

a semester course and for the fact that students are learning Software Engineering 

concepts, instructors generally offer more complete answers quickly. Instructors want 

their students to develop a timely project and will not offer them such real world 

experience as to intentionally prolong the requirements analysis process. Students also 

receive projects that the instructor believes can be completed by the students in the course 

timeframe. Resource allocation and scheduling in industry are not so certain. Instructors
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are biased towards the students' instructional needs and rightly so. but this does affect 

the impact of the project mirroring industry.

Other issues that affect the impact o f  a small group project include the process 

model used, the size o f the development team, inconsistency o f individual experience, the 

missing Maintenance phase, and time. While a variety o f process models are presented in 

lecture, the pnmary model that is followed during the project is the Waterfall model. 

Students do not have the ability to experience other process models that are used in 

industry due to time constraints. Since the small group project is a miniaturized version 

o f a project, devised for a team o f about 5 students, students do not experience a large 

project in a large team. The management issues and communication overhead associated 

with larger teams is lost to students in small group projects. In addition larger teams can 

have a variety of structure and roles that members have whereas most student teams 

contain members with similar experience. Students also lose the opportunity to work 

w ith a domain expert or specialist while the instructor presents the foundation material, 

and students in the team do some research. Time constraints and limited access to 

resources does not allow for domain experts to directly work with student teams for the 

duration o f the project or even during the Requirements phase.

1.3 Proposed Solution to the Problem

In order to address the shortcomings o f the use o f a small group project and 

lecture, a large project simulator is proposed that addresses some key areas that are 

currently absent from the Softw are Engineering curriculum. Issues including areas as 

requirements management for a large project, requirements analysis, and the roles that
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stakeholders play in development are not presented adequately so that the students may 

appreciate the tasks and activities required to produce a set of requirements that lay the 

foundation for the project. By not allowing students to succeed or fail in a more realistic 

manner, students may not leam the importance o f the concepts and their relationship to 

the development process to the extent that instructors could provide for. The scope o f the 

project is shown in Table I using the Simulation Characterization Grid (Kellnet.

Madach> & Raffo. 1999). The purpose o f the grid is to enable researchers to present the 

scope and objectives o f their simulation among the various aspects of development and 

perspecthes of development that exist.

Table 1

Characterization Matrix for Simulation

' N .  Scope Portion Development Multiple Lonu-term Lonu-term
o f Project Concurrent Product Organization

Purpose Lifecvcle Projects Evolution
Strategic
Management
Planning
Control and
Operational
Manauement
Process
Improvement
and Technoloev
Adoption
Understanding 
Training and 
Leaminc

Future W ork j Future Work

The scope o f this simulation is shaded in black in Table 1. while the areas for 

future work are shaded gray. The simulation o f the various aspects o f a large project can
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enable students to have a higher level of understanding o f the tasks themselves, the roles 

o f the tasks in the project as a whole (including over multiple increments), and the need 

for the tasks in the Requirements phase.

In order to address the need to enhance students' exposure to the best practices in 

a large software project, this research proposes a model and a simulation that can be 

utilized in the undergraduate Software Engineering classroom. Specifically, the main 

objective o f this research is to:

Define and evaluate a model to provide undergraduate Software Engineering students 
w ith the know ledge and skills normally acquired while w orking on a large project.

This research has resulted in a simulation based on the System Dynamics Model that 

presents the consequences and impact of the choices that students make in a variety of 

processes and tasks during the Requirements phase. While the Requirements phase is 

emphasized, the entire development lifecycle, including maintenance, is represented to 

some extent. The model is modular -  allow ing the addition o f more concepts in future 

and to allow customization by the course instructor. The model was transformed into a 

large project simulation for students to use w hile enrolled in an Introduction to Software 

Engineering or equivalent course. Students can use the simulation to experiment and 

learn from mistakes. During the course of the simulation and in the report at the end of 

the project, students can see how their decisions affect the project's quality, schedule, and 

cost.

As the model, and subsequent simulator, is intended as part o f the instruction 

process an additional hypothesis is presented:
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6

H 1: Undergraduate students using the simulator w ill increase their level o f
understanding, based on Bloom's Taxonomy, o f the Requirements Analysis and 
Specification activities utilized in a long-term project to a greater extent than with 
a traditional course without a simulator.

The h vpothesis serves as the ultimate test o f the overall objective. The results o f the 

hypothesis assess the impact o f the lessons learned by the students. Given that the 

students can better understand Requirements Analysis and Specification activities more 

effectiveh than i f  the simulator had not been used, they can carry the lessons learned on 

to their subsequent projects. The assessment method is outlined in Chapter 5.

The expected results are for students to have a significantly greater understanding 

o f the importance o f requirements analysis and specification activities when the simulator 

is integrated into a course with a small group project.

1.4 Research Contributions 

This research is intended to make an addition to research in three distinct ways. 

The modeling o f  the Requirements phase o f a project using System Dynamics Modeling 

enables the modeling technique to be applied to a new area of development. The model 

can then be used to produce a simulator that covers several aspects o f development. 

Second, the project simulator itself is a unique product to be used in the classroom or in 

training environments. Utilizing the model as the foundation, the simulation is highly 

interactive in order to engage the students with the various activities in the context o f a 

large project. Third, in order to test the effectiveness o f the model and simulator, the test
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o f the hypothesis is also a significant contribution to Software Engineering education. 

Besides instruction in the best practices in Software Engineering, specifically 

Requirements Engineering, enables students to better understand the concepts, their 

purpose, and reasoning behind it. As such, the importance o f using an effective large 

project simulator to measure this may motivate researchers to find new w ays to simulate 

the development process for the classroom.

The immediate use o f the simulator is for use as a supplemental aid to lecture 

material. While the importance of conducting requirements analysis and specification 

activities is discussed in class and students are required to traverse through a variety of 

acti\ ities dunng the course o f their small group project, the simulator provides an 

opportunity that can be more realistic than the project. The simulator reinforces the role 

that the activities play in a large project in industry in ways the lecture and a small group 

project cannot present. Advantages to using a simulator include the following:

•  Consequences o f student decisions can include failure.

•  Different process models can be experimented w ith. which time could never allow 

otherwise.

•  Students needs to ask questions and respond to customer feedback in a formal setting 

in several iterations, w hich cannot be fully explored in class.

•  A larger project can be used with a larger team than the student team could consist of.

•  Feedback can be displayed on a continuous basis, allowing the student to adjust his or 

her strategy during the various activities.
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s
•  The maintenance phase can be portrayed, including the possibility for multiple 

increments. The course could not accommodate this phase.

•  The simulator can offer some consistency in the development experience that the 

group project cannot offer, while introducing enough variety to offer differing 

experiences to a large group of students.

•  A wider \ ariety o f domains, increased scope and complexity can be portrayed than a 

course project could accommodate.

•  Risks can come true in the simulator, which may not happen during the course of a 

course project.

•  A simulated customer could mislead the student or offer a vague response, whereas 

the course instructor w ould not mislead the student. The student trusts that the course 

instructor would not provide incorrect information.

As such, students can better understand and appreciate the need for Requirements 

Engineering activities as they proceed to industry.

Beyond the uniqueness of simulating the Requirements phase, the simulator does 

not merely lead the student through the process, but instead is a means through which the 

student can be a part o f the w hole process. By participating in the project the students 

needs to make decisions and to live with the decisions made. Through this experience, 

the students can make the lessons learned by their success and failure (the consequences 

o f their actions) meaningful w hen compared to merely reading about the best practices or 

escaping from situations not encountered in the team project.
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9

1.5 K7n Requirements Engineering *

The Requirements phase has been selected by the author since it is often 

overlooked in Software Engineering research though it is critical to a project's success.

In regards to Software Engineering education specifically, the author feels that students 

do not appreciate the requirement elicitation activities (among others) enough to take it 

seriously dunng the course project. The instructor guides the students along, especially 

since the students are new to the project as a whole. and so the understanding of the 

requirements engineering phase is inadequate for the majority o f  students. The author 

feels that by emphasizing requirements engineering in the simulation, the students are 

more likely to notice the importance o f the activities and best practices than what happens 

in the normal course o f the project (and the course,. The context o f the large, complex, 

project, w here quality, schedule, and cost are ongoing concerns, the student can get more 

realistic consequences to their decisions. Since such a project requires interaction w ith 

varied stakeholders, the student better understands the importance o f w orking w ith 

stakeholders besides just the instructor as oracle.

1.6 Organization o f Dissertation 

Chapter 2 presents the background information regarding the Bloom's Taxonomy, 

the Softw are Engineering Body of Know ledge, systems dynamics modeling, related 

work, and the use o f simulation in the Computer Science classroom. These topics 

provide the foundation for the development o f the instructional goals, selection of the
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topics, the selection o f the simulation approach, and the application o f the research 

respectively. Chapter 3 presents the requirements o f the simulation and underlying 

system dynamics model. Chapter 4 describes the structure o f the simulator and the 

methodology used to develop the system dynamics model and the simulation interface 

software. Chapter 5 describes the case study, the ev aluation o f the simulation in the 

undergraduate Software Engineering course. Chapter 6 presents the conclusions and 

future work that result from the research.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

Chapter 2. Background 

Introduction

The objective o f this chapter is to provide background information regarding the 

technical and educational material related to the research, specifically Bloom's 

Taxonomy, the Softw are Engineering Body o f  Know ledge, systems dynamics modeling, 

and the use of simulation in the Softw are Engineering. Section 2.1 presents Bloom's 

Taxonomy. Section 2.2 discusses the Softw are Engineering Body o f Know ledge.

Section 2.3 provides the basics o f System Dynamics Modeling and the rationale for it's 

application to the research. Section 2.4 presents the use of simulation in the Softw are 

Engineenng classroom and in industry. Section 2.5 provides a summary o f these topics 

as they relate to the research.

2. 1 Bloom s Taxonomy 

During the mid-tw entieth century. Benjamin Bloom led a movement to develop a 

classification of educational objectives. Three domains were identified, the Cognitive 

Domain, the Affective Domain, and the Psychomotor Domain. The Cognitive Domain, 

dealing with the development o f know ledge, intellectual attitudes and skills, is 

represented as a hierarchy o f educational objectives know n as Bloom's Taxonomy 

(Carmeson, Delpierre &  Masters, 2001). The taxonomy partitions various objectives into 

a spectrum representing simple skills to complex know ledge. The levels o f  the taxonomy 

are show n in Table 2. w here Know ledge is the low est level and Evaluation is the highest 

level o f skill competence.
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1
Table 2

Bloom’s Taxonomy (Counseling Services o f the University o f Victoria, n.d.)

Level of Competence Skills Demonstrated
Knowledge Observation and recall o f information.

Know ledge o f dates, events, places, major ideas. 

Mastery of subject matter
Comprehension Understanding o f information.

Grasp meaning.

Translate know ledge into new context. 

Interpret facts.

Compare and contrast facts.

Order, group, and infer causes.

Predict consequences
Application Use information.

Use methods, concepts, theories in new situations. 

Solve problems using required skills or know ledge
Analysis Seeing patterns.

Organization o f pans. 

Recognition o f hidden meanings. 

Identification o f components
S>nthesis Use old ideas to create new ones. 

Generalize from given facts.

Relate know ledge from several areas. 

Predict, draw conclusions
Evaluation Compare and discriminate betw een ideas. 

Assess value o f theories and presentations.
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Make choices based on reasoned argument.

Verify value o f evidence.

________________________ Recognize subjectivity____________________________

Each level in the hierarchy has characteristics that present the extent of 

knowledge or skill that is expected upon successful completion o f the lesson. The 

Knowledge level is represents the recollection or identification o f facts or other material. 

At this level, n r deep analysis is required. The Comprehension level also represents a 

basic level of knowledge, but this level requires some understanding o f the material 

where some estimation or interpretation is required. The third level o f competence, the 

Application level, represents the use o f the learned material (i.e. rules, concepts) in new 

contexts. At this level, the learner is required to do more with the information than just 

understand it. but to apply it. The Analysis level represents the ability o f the learner to 

not just apply the learned material as a whole, but to break it down and understand its 

parts and structure. This level o f understanding goes beyond application, as the system, 

its parts and the relationships between its parts are understood. Synthesis is the ability to 

put components together to form a new system. Such construction is not alw ays 

concrete, but can be in various forms including that of communication. Rather than 

understanding the system that is presented, the learner can use his or her deeper 

understanding o f the parts and relationships to develop a new system to apply the 

understanding to a new situation or context. The highest level o f competence is 

Evaluation, where the learner can assess the value of material for a given purpose. At 

this level, the skills developed in the previous levels are applied as well and are applied
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consciously for a specific purpose. A summary o f  the skills demonstrated for each 

level in Bloom's Taxonomy is presented in Table 2.

Although work has continued in this area since it's introduction. Bloom's 

Taxonomy is a popular means o f developing instructional objectives and assessment 

devices to meet those objectives. As mentioned in Section 2.3. the SWEBOK uses 

Bloom’s Taxonomy to represent the level of knowledge and skill expected in the 

Know ledge Areas. In addition, the educational goals for the different topics addressed in 

the model and simulation utilize the labels presented here.

3.3 The Software Engineering Body o f Knowledge Project 

The Software Engineering Body of Know ledge Project (SWEBOK) is an effort by 

the IEEE Computer Society to develop a guide to the subset o f generally accepted 

knowledge that defines the Software Engineering profession (IEEE Computer Society, 

n.d.). The aim of the project is not to define the body o f knowledge itself or to dictate the 

curricula for university programs. However such a guide can assist in the development of 

curricula, accreditation criteria, and in the licensing o f softw are engineers. The goals of 

the Guide to the Software Engineering Body o f Know ledge are to:

•  Characterize the contents o f the Softw are Engineering Body o f Know ledge;

•  Provide topical access to the Softw are Engineering Body o f Know ledge;

•  Promote a consistent view o f softw are engineering w orldwide;
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•  Clarify the place o f and set the boundary o f software engineering with respect to 

other disciplines such as Computer Science. Project Management. Computer 

Engineering, and Mathematics;

•  Provide a foundation for curriculum development and individual certification and 

licensing material. (IEEE Computer Society, n.d.)

The project consists o f three phases: Straw man. Stoneman. and Ironman. The 

overall timeline for the entire project is in Figure 1. The Strawman phase is completed 

and resulted in a guide presenting the Know ledge Areas and Related Disciplines. The 

purpose o f this Strawman phase was also to bring together the discipline in order to more 

the project forward. The Stoneman phase is near completion. The Stoneman version of 

the guide organizes the body of know ledge into Know ledge Areas, a list o f topics 

relevant to the matenals for each Know ledge Area and a list of Related Disciplines, as 

shown in Table 3 (Bourque &  Dupuis. 1999). The ten currently identified Knowledge 

Areas, and the topics that comprise them, are regarded as core know ledge. The 

know ledge that software engineers need to know from related disciplines is not specified 

in the Guide, but is left to the other working groups. The Ironman phase has enabled 

experimentation and trial usage o f the guide, promotion o f the guide, and development o f 

"performance norms” for professionals (Abran &  Moore, 2000). The effort required to 

carry out the project consists o f individuals from industry, academia, and standard setting 

bodies from all over the world.
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A Three-Phase Approach for 
Developing the Guide to the SWEBOK

200120001998 1999

Straw
Man

Version

Iron Man Version

Stone Man Version

Figure l. Timeline for SW EBOK (Dupuis. Bourque. Abran. Moore. &  Tripp. 1999)
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Table 3

Knowledge Areas and Related Disciplines

Knowledge Areas Software Configuration Management

Software Construction 

Software Design

Software Engineering Infrastructure 

Softw are Engineering Management 

Software Engineering Process 

Software Evaluation and Maintenance 

Software Quality Analysis 

Softw are Requirements Analysis 

Software Test in e_____ ________________________________________________ , -- - - -  w- ..

Related Disciplines Cognitive sciences and human factors

Computer engineering 

Computer science

Management and management science

Mathematics

Project Management

_______________________________________Systems engineering__________________

The keys to the Guide are the Know ledge Areas and the mapping o f  topics w ithin 

them. Each Know ledge -Area is organized according to Figure 2. w here it consists o f a 

hierarchical breakdown o f topics, reference topics, a matrix o f the topics and the
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reference materials. The topics for each Knowledge Area are decomposed and 

described, classified according to Yincenti's taxonomy, rated by Bloom's taxonomy, and 

referenced to related disciplines (Bourque &  Dupuis. 1999).

Figure 2 The Organization of a Knowledge Area Description (Bourque &  Dupuis. 1999)

As o f the current version o f the Stoneman Guide (version 0.7), the mapping o f 

topics to the Know ledge .Areas is complete and show n in Appendix A.

W hile the purpose of the guide is not to dictate curricula the guide does provide 

the topics and depth o f know ledge for these topics based on Bloom's taxonomy for a 

graduate w ith four years o f experience (Abran &  Moore. 2000). The topics, organized by 

Know ledge A rea and the classification according to Bloom’s taxonomy can be found in
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Appendix B. This information can provide a base whereby a curriculum can be 

designed for an undergraduate software engineering program and undergraduate software 

engineering courses for computer science majors can be reevaluated. A required course 

such as .Arizona State University's Computer Science Department’s CSE 360 Introduction 

to Software Engineering course is an example of a course whose topics can be compared 

to the topics in SWEBOK's Knowledge Areas. This project takes the Guide to SW EBOK  

into consideration so that the course can best take advantage o f the Guide and provides a 

more useful experience for students using the simulator as part o f instruction.

2.3 System Dynamics Modeling 

System Dynamics Modeling (S D M ) was developed at the Massachusetts Institute 

of Technology in the late 1950’s as a means to model the dynamic behavior o f a system 

through the presentation o f the cause-effect relationships and feedback loops that are 

observ ed in the system (Abdel-Hamid &  Madnick. 1991). While SDM  is a technique that 

has been applied to software, it is not uniquely applied to software. The model can 

portray the multiple layers o f cause-effect relationships that exist in real systems, 

resulting in feedback loops w here entities can obsene the consequences to the affects 

that they cause. Systems dynamics models can present the people, processes, and 

products in the organization, enabling its application in a variety o f systems.

The simplicity o f the cause and effect relationships that exist in software 

development is evident at the macro and micro levels. A simple example o f the 

relationships and feedback is evident in scheduling, documentation level, and system 

maintainability (see Figure 3). When a developer believes that he she has fallen behind
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schedule, he she revises his her strategy by decreasing the level o f documentation.

This perception and revision in strategy is a cause and effect relationship, where the 

perception o f falling behind is the cause and the decision to decrease the level o f 

documentation is the effect. The decrease in the documentation detail and substance 

negatively impacts the maintainability o f the system: this is another cause and effect 

relationship. Due to the short-term savings in time spent on the task o f documenting by 

the developer, he she believes that their work is back on schedule. This shortsighted 

strategy is a side effect and is also a feedback loop.

c . , , *  ^Documentation^Schedule 
m Level

System 
\^4aintainabilii

Figure 3 Example o f SD M  using schedule, documentation, and maintainability

In this example, the developer observed a schedule problem, took the action of 

decreasing the level o f documentation, and observed that the project was back on 

schedule. In addition, another result emerges (system maintainability) that impacts the 

schedule and call for further action by the developer.
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These cause and effect relationships and feedback loops enable developers to 

observe the consequences o f their actions. Sometimes the consequences are immediate 

while others surface over a period o f time. Even in this simple example, several cause- 

effect relationships work together to model the short and long-term repercussions o f a 

change in documentation strategy.

Historically system dynamics modeling has been utilized in modeling different 

aspects o f software engineering. Abdel-Hamid modeled the overall softw are 

development process (except for requirements engineering) (Abdel-Hamid &  Madnick.

1991). The model was specific to the process utilized at NASA's Goddard Space Flight 

Center. Since then others have taken the model and focused on specific areas w ith 

softw are development. Thus over time, the effectiveness o f utilizing system dynamics 

modeling to represent various aspects o f softw are engineering is reinforced.

2.4 Educational ami Training Simulations

A simulation can be a useful instructional model, allow ing students to portray 

roles, face realistic conditions and develop realistic solutions (Joyce. Wei &  Showers,

1992). While the situations are similar to the real world, the elements are simplified and 

presented in a controlled format. A positive aspect of simulations is the capacity for 

students to learn through the consequences o f their actions that may not be able to occur 

in the real w orld. For example flight simulators and driving simulators allow pilots and 

drivers to experience their environments in order to learn and be tested for skill mastery, 

the alternative w ould be too expensive and dangerous.
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Simulations can be useful in a variety o f areas of study. Systems can be 

simulated and used to introduce a lesson, deepen students' understanding as a lesson 

progresses, or to provide a real world context for the culmination o f a lesson.

Simulations can be used at all levels o f education, but in order for the success o f the 

objectives to be verified the concepts and or skills that need to be mastered by the end of 

the simulation need to be identified. I f  specific roles are needed in order for the 

simulation to be conducted, they must also be clearly specified.

While the simulations appear to be self-contained, the instructor has a clearly 

defined role. The interactive environment o f the simulation does not always produce 

clear-cut learning experiences for the student. In order to make the simulation more 

effective, the instructor needs to explain the fundamental rules, concepts, and issues 

raised in the simulation (Joyce. Wei &  Showers. 1992). Simulations can take various 

forms, but for this project computer-based simulators will be discussed.

The field o f Software Engineering has taken the concept o f simulators and used 

them not merely as a cheap substitute for hardw are, but instead as a means of providing 

opportunities to work w ith process in addition to the product. The use o f simulators in 

Software Engineering assists both students and professionals. The Software Engineering 

Institute considers simulation to be a useful tool in various areas o f development and 

training, but in the area of training specifically simulations can “play an important role” 

(Christie, 1999a). Much work has been done in the area of Project Management (Abdel- 

Hamid. 1993: Beagley. 1994; Chichakly, 1993; Smith. Nguyen &  Vidale, 1993), where 

project leaders can use data to make educated decisions. Using System Dynamics 

Modeling. Collofello et al have been leading an effort to simulate various aspects o f
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Software Project Management (Collofello. 2000; Merril &  Collofello. 1997; Rus. 

Collofello &  Lakey. 1998).

A  Software Project Simulator was developed to provide hands-on experience that 

lecture-based instruction only presented (M erril & Collofello. 1997). The simulator was 

dev eloped in order to provide a learning environment to exercise skills where a simulator 

would be appropriate, specifically in the planning, tracking and control o f a project and 

its development. Since the simulator was to supplement a course, lesson plans were 

developed in order to integrate the use o f the simulator appropriately. The simulator was 

used by a graduate level project management course at Arizona State University. The 

students were sun eyed in order to gather data on their management experience and 

understanding o f project management concepts. Teams were formed and given the task 

of managing a simulated project. Data was provided to the students, including 

development process details, product details, personnel details, and historical metrics 

from past projects. The project had two increments, but the students w ere responsible for 

planning the second increment only. The teams were asked to plan the increment based 

on changes to the product requirements and w ere gi\en guidelines in order to base their 

planning strategy. As a class exercise, some teams' plans were selected and run on the 

simulator so that the entire class could see how the different plans played out on the 

simulator in terms o f discovered defects, productivity, and other attributes. Afterwards 

the results were discussed and compared to what the team’s had expected. After the 

exercise, the students were surveyed to assess their learning and opinions. The students' 

learning w as assessed in terms o f how w ell the project w as planned w hen compared to 

the default project plan data in the areas o f cost, cycle time, and quality. All teams were
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shown to have performed better than the default plan in at least one area. While the 

simulator is a work in progress, it has been shown to be a useful classroom tool for 

applying project management concepts.

Besides academia, simulators are also useful in industry to assist project managers 

in their training and in current projects. A collaborative project between .Arizona State 

University and Motorola University was conceived to provide a Project Management 

training course that utilized a simulator (Collofello. 2000). As in the previously 

discussed simulator. System Dynamics Modeling was also the foundation for the 

simulator. The cause and effect relationships portrayed via the systems dynamics model, 

a variety of project attributes are presented using flight simulator instrumentation and 

data output displays. Project information is entered in to the simulator, including planned 

completion time, staffing, project complexity, and increment scheduling information.

Once the simulator is seeded, output displays show the status o f the project in terms o f 

v arious attributes such as current staff load, elapsed person hours, and schedule pressure 

gauge. The student can pause the simulator in order to revise the input parameters. Once 

the simulator is resumed, the effects o f the revised input data are observed. During the 

three-day training course students complete exercises in Life Cycle Model Comparison, 

Risk Management. Software Inspections. Critical Path Scheduling, and an exercise in 

overall project planning and tracking through project completion. The simulator was 

used in a class of 16 students at Motorola University. The students found that "the 

simulator added to the value o f the course." (Collofello. 2000)

.Another simulator can be used as part of a decision support system for specific 

attributes such as reliability. The simulator can assist project managers select the best
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reliability engineering strategy for their projects (Rus. Collofello & Lakey. 1998). The 

simulator uses the System Dynamics Modeling and Discrete Event Modeling Paradigms 

as its foundation. The simulator has two parts, an expert system to suggest alternate 

scenarios and a simulator where the various scenarios can be evaluated and assessed.

The use o f process modeling is used in several areas o f professional training and 

also for use on the job. By simulating different scenarios, managers can make better 

decisions and improve their processes in such areas as resource allocation (Abdel-Hamid. 

Sengupta &  Hardebeck. 1994). staffing (Sengupta. Abdel-Hamid & Bosley. 1999). and 

overall process improvement (Christie. 1999b: Robin. Johnson &  Yourdon. 1994).

While much work has been done in using the dynamic modeling o f process, the 

performance outcome does not always show improvement. Many managers continue to 

make poor decisions when they use the simulator (Sengupta &  Abdel-Hamid. 1993: 

Sengupta. Abdel-Hamid &  Bosley. 1999). Some issue has been taken with the type of 

feedback provided to the managers, specifically that the feedback centered on the 

outcome rather than cognitive feedback (Sengupta &  Abdel-Hamid. 1993). With 

outcome feedback the manager does not have an adequate model of the sy stem and does 

not see the relations among parts o f the model. As such the managers cannot conceiv e of 

the shortcomings in their strategies and thus cannot improve the strategies. In other 

words the higher lev els o f comprehension in Bloom's Taxonomy are not being attained. 

Using cognitiv e feedback, the manager is prov ided with the task information and how the 

manager's cognitiv e system fits into the system. (Sengupta &  Abdel-Hamid, 1993). The 

result is that the manager performed better than those provided with the outcome 

feedback. As these studies and projects are dev eloped to support decision-making in a
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professional environment, they do not directly relate to the classroom environment 

where students have less experience and resources. However the work done for the 

professional in terms o f the importance for providing adequate feedback is useful in the 

design o f the simulator.

Regarding the simulation o f Requirements Engineering for any purpose, little 

w ork has been undertaken. A model has been developed that addresses the Joint 

Application Development (JAD) process utilized by the Computer Sciences Corporation 

for a specific project (Chnstie &  Staley. 2000). This simulation was intended to show 

how both the organizational and social issues of requirements development alTect the 

project in terms o f quality and schedule. The model is an ongoing project to model social 

interaction in the context o f development. The research w as a proof-of-concept 

simulation based on a single project for a limited audience. The goal for the research w as 

to see if  the social o f interaction could be modeled (using a real project as the base). The 

primary out o f the simulation w as the amount o f time needed to complete the JAD 

sessions. While the premise behind the research is generally useful, it does not show the 

nuances of interaction that this research aims to show . Competence and other factors 

were simply numbers. In other words, the student would still be too separated from the 

activities involved in requirements engineering in such a simulation. This research 

endeavor is an instructional tool to enable the student to experiment with different 

techniques rather than just one as i f  he or she was actually participating in the project “in 

the trenches."

The use o f simulation in requirements validation is also evident, how ever the 

simulation is not o f the process but the simulation is o f the actions o f the system itself
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(Chnstie. 1999a). Such simulation is intended for industry, especially for defense 

systems, rather than for training. This research focuses on the relationship between the 

requirements engineering process and the quality, cost, and schedule o f the product. This 

simulation is intended for the classroom rather than industry.

Volatility is another area o f simulation research (Pfahl &  Lebsanft. 2000). The 

model w as \ery  specific in terms o f scope. The purpose o f  the model was to present the 

impact o f volatile requirements on a project's schedule and effort. Specifically the aim 

was to analyze the amount o f money needs to be invested in order to stabilize the 

requirements in a cost-effective manner. The model was developed for a Siemens 

Business I'm t using their data at the particular site. Like the previous model, it differs 

from this research in that it is more focused in scope and limited to a specific customer 

(one company).

After extensive research (including the past four years o f work in the ACM  

Special Internet Group for Computer Science Education. Frontiers in Education, and the 

American Societv for Engineering Education) no work has been found in the use o f  

computer simulation for Requirements phase activities in the classroom.

2.5 Summary

The material presented in this chapter directs the focus o f the research. The topics 

themselv es are drawn from the Requirements Engineering key process area within 

SW EBOK. Bloom's Taxonomy is needed to ascertain the level o f student understanding 

in the traditional course (using lecture, text, and project) and in the course with the 

simulator. Thus, the assessment questions can be dev eloped at the appropriate levels o f
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complexity. The use of the simulator as a means o f supplementing instruction is 

justified, and the application o f the simulator to the undergraduate Software Engineering 

classroom is unique. In the other project management simulators discussed previously the 

student manager is often guided through scenarios and allowed to change a variety o f 

parameters for use in forecasting that would not apply to a requirements situation. The 

result for the simulator is one that allows students to learn from the consequences o f their 

decisions, in the context o f Requirements tasks and activities, in order to judge the best 

decision based on several criteria and select the best course o f action. The systems 

dynamics modeling technique is appropriate for the research as the technique has proven 

to be effective in modeling software development.
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Chapter 3. Simulation and Model Requirements 

Introduction

The objective o f this chapter is to provide background information regarding the 

requirements for the simulation. The focus is to define the scope o f the simulation 

system. Section 3.1 discusses the relevant best practices to be reflected in the system. 

Section 3.2 presents the course content that the simulator supplements. Section 3.3 

discusses the topics covered in the simulation. Section 3.4 provides a summary o f these 

topics.

The simulation is complex, consisting of several layers which represent the 

conceptual breakdown o f the simulation. These layers are presented in Figure 4.

Simulation Interface Interaction Layer 
SDM Model Model Layer

Simulation Assumptions Assumptions
Simulation Topics_____ Topics_____

Figure 4 Layers o f the Simulation

The simulation consists o f an interface and a systems dynamics model. In order 

to better understand the contents o f the model and the interface, the origin o f  the content 

needs to be explained. The content, which directs the purpose o f the simulation, is 

guided by best practices, course content, and the relevant topics for the requirements 

engineering area. This chapter will discuss the bottom layer, the origin o f the topics 

covered in the simulator. This layer serves as the foundation o f the overall simulation.
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3.1 Best Practices

While content is a significant feature o f the simulator, a more general need for the 

simulator exists as well. In order for students to greater appreciate and support the value 

for the tasks involved in the Requirements phase, the simulator presents a large project in 

a manner allowing students to appreciate the lessons that are presented in lecture for an 

undergraduate Software Engineering course. These lessons are those pearls of wisdom 

that professors and experienced developers have shared over the years that are important 

enough to be mentioned dunng the course’s lecture or reading. Such lessons that are 

often read about but cannot be appreciated by merely reading about them. Through the 

use o f the simulator students have a deeper understanding. This understanding moves 

beyond the Knowledge level to the Comprehension level, the Application level, or the 

Analysis level, o f these lessons:

•  Spending time in gathering, analyzing, managing requirements is important for 

minimizing defects. (Basili & Boehm. 2001)

•  Return on investment o f time on requirement analysis and specification is significant. 

(Leffingwell. 1996)

•  Following a change management process results in fewer changes in requirements 

being lost than i f  no process was followed. (Sommerville, 2001)

•  Incompleteness and ambiguity in requirements is costly. (Gause &  Weinberg. 1999)

•  Requirements analysis and specification continues beyond the Requirements 

phase.(Sommerville. 2001)
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•  Dealing with the scope o f the system early is important as software is complex.

(Doll. 2001)

•  Requirements need to be presented in different perspectives in order to minimize 

misinterpretation. (Sommerville. 2001)

•  Non-functional requirements are just as important as functional requirements, and 

need to be presented in a precise manner. Non-functional requirements need to be 

held to the same standards as other requirements in terms o f the need to be clear and 

complete (Sommerville. 2001).

•  U nderstanding the existing application that is being replaced or extended is needed. 

(Ambler. 1999)

•  Avoid scope feature creep by defining what will and w ill not be delivered. (Ambler. 

1999)

• At some point you will need to restnct yourself to a realistic set o f requirements that 

can be delivered. (Ambler. 1999)

• Invoke the real experts (domain and end users). (Ambler. 1999)

•  Document the source of each requirement. (Ambler. 1999)

•  The difficult part o f requirements gathering is not the act o f recording w hat the users 

w ant; it is the exploratory, developmental activity o f helping users figure out w hat 

they want. (McConnell. 199S)

•  Miscommunication can occur w hen the stakeholders and developers "speak different 

languages." Most end users and other stakeholders are not like the developers in 

terms o f having business or technical backgrounds or other ways. Developers may 

need to change their mental model or perspective. (Leffingwell &  Widrig, 2000)
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While these lessons may not be the only ones that exist, they represent those that 

are represented in the simulator. Students are given the opportunity to appreciate these 

lessons as these “best practices" are demonstrated in a "real" project -  a project that the 

students are a part of where real success and failure can happen and lessons can be 

learned.

These lessons are the umbrella for the topics and the project that the students 

traverse. The consequences o f actions allow for students to appreciate the lessons more 

so than if  they only read about them or heard about them in lecture.

3.2 Course Content 

As the simulation is a supplement to the introductory Software Engineering 

course, the material covered in the course must be presented. The course is similar to 

many introductory Software Engineering courses that are required for Computer Science 

majors (and related programs) in terms o f the topics covered. The list o f topics, based on 

departmental objectives, reflecting the satisfaction o f accreditation requirements, is listed 

in Table 4. These topics are listed in the general order at w hich they are presented in 

class since during the course o f the semester some topics are rearranged in order to 

accommodate time or needs.
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Table 4

Topics Covered in Introductory Software Engineering Course at Arizona State University

General Knowledge .Area Topic
Software Engineering Background Overview o f softw are life cycle models 

Overview o f softw are development phases 

Softw are teams

Requirements Engineering Importance o f requirements 

Overview o f requirements process 

Formal vs. Informal specifications 

Requirements elicitation techniques (e.g. 

meetings, interviewing, observation, use cases) 

Requirements documentation approaches (e.g. 

numbered paragraphs, data dictionaries, tables) 

Finite state machine specifications 

Non-functional requirements 

Attributes o f a good requirements document 

Change Management 

Requirements reviews 

Human Computer Interaction
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Design Overview o f the softw are design process 

Introduction to object-oriented design 

Design documentation 

Design quality measures and heuristics 

Design reviews

Testing Overview o f softw are verification and validation

approaches

Black box testing techniques

White box testing techniques

Integration testing

System testing

Regression testing

Project Management Overview o f software project management

Cost estimation

Project scheduling and tracking

Configuration management

Risk management

Metrics
Overview o f software maintenance
CASE tools overview
Professional Responsibility

Each class meeting consists o f  lecture, with periodic collaborative, in-class 

activities to allow students to test their understanding o f lecture material. During the 

course o f the semester the students also work on the small team project in order to apply
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some o f the techniques discussed in class. The techniques used in the project are 

prescribed rather than determined by the students themselves. Experimentation and 

process improvement are not part o f the "hands-on" experience due to time constraints in 

a course.

3.3 Topics Covered in the Simulation 

The general scope of the simulator is the Requirements phase o f project 

development. The goal of this research is not to produce a simulation for all aspects o f  a 

software project. Such a goal would not be realistic. The Software Engineering topics to 

be selected consist o f a subset o f areas that cannot be sufficiently covered in the 

Introduction to Software Engineering course but are included in the SWEBOK. The 

topics with the Software Requirements Knowledge Area in the SW EBOK are in Table 5. 

Using this Know ledge Area as a starting point, the topics covered in introductory 

Software Engineering course were analyzed.

Table 5

Requirements Engineering Topics and Sub-topics from SW EBO K

Requirements Engineering Topics Subtopics
The requirement engineering process Process models

Process actors

Process support and management

Process quality and improvement

Requirements elicitation Requirements sources
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Elicitation techniques

Requirements analysis Requirements classification 

Conceptual modeling

Architectural design and requirements allocation 

Requirements negotiation

Requirements specification The requirements definition document 

The software requirements specification (SRS) 

Document structure and standards 

Document quality

Requirements validation The conduct o f requirements reviews 

Prototyping 

Model v alidation 

Acceptance tests

Requirements management Change management 

Requirement attributes 

Requirements tracing

The basic curricula for the course, developed by the Undergraduate Curricula 

Committee at Arizona State University is more general than SW EBO K in terms o f the 

topics covered. The curriculum does not use Bloom's Taxonomy in the presentation of 

topics. To address this shortcoming, a mapping o f the course curricula to Bloom's 

Taxonomy and the SWEBOK has been drafted, and the mapping was subsequently 

verified by a professor who also teaches the course (James Collofello, personal
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communication. 2001). The mapping was derived from the author’s experience in 

teaching the course for three y ears (nine semesters), which followed the departmental 

curricula using Roger Pressman's Software Engineering: a Practitioner 's Approach. The 

matrix containing the SW EBOK Requirements topics and the entire course curricula 

mapping usmg Bloom’s Taxonomy are in Appendix B. The mapping o f Bloom’s 

Taxonomy to the SWEBOK topics and to the material currently covered in the 

Introduction to Software Engineering course is used to identify how the simulator can 

benefit instruction. Like the curricula mapping matrix in Appendix B. the determination 

of the most appropriate delivery method of material w as first determined by the author, 

based on expenence. including background knowledge in education. The author 

analyzed each software engineenng topic while taking into consideration the level o f 

Bloom's taxonomy that is the objective in the course. For topics where basic know ledge 

is needed in order to identify terms, lecture is suffice (Gleitman. 2000). When students 

need more concrete, hands-on expenence to apply material the small group project is 

appropriate (Roland. 199'). Some topics are very complex, where different approaches 

need to be practiced and compared, the small class project is not capable o f providing an 

appropriate instructional environment w here the students can learn due to time 

constraints. I f  the concepts require the ongoing hands-on creation o f a work product or a 

long-term (often repeated) process, then industry is most appropriate when learning to 

work in a large project since a course cannot accommodate the long-term investment o f 

time and resources. The use o f a simulator is appropriate w hen learning needs to be 

structured and conducted in a safe environment to allow for the building up o f  complex 

skills (Joyce. Weil &  Showers. 1992). The simulator is feasible when techniques can be
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applied or a process followed yet the need to interact with other individuals is not 

required and when the context o f the work can be simulated (e.g. characteristics can be 

quantified, project material or feedback can be represented logically). A t the conclusion 

o f the classification, the matrix was verified by Dr. Collofello. Table 6 summarizes the 

topics that can be best accomplished via lecture, a small group project, industry 

experience, or a large project simulator, or.

Table 6

Summary o f Software Requirements Topics in Various Instructional Contexts

Software Requirements Lecture Small Group Project Industry Simulator
onlv (4-5 people)

Topic

Requirement Engineering Process
Process Models x
Process Actors x
Process Support x
Proc ess Qua I i t y and x
Improvement
Requirement Elicitation
Requirement Sources x
Elicitation Techniques x x
Requirement Analysis
Requirement X

Classification
Conceptual Modeling x x
Architectural Design and X

Requirement Allocation
Requirement Negotiation x
Requirements Specification
Requirement Definition X

Document
Software Requirement X

Specification
Document Structure x
Document Quality x
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Requirements I 'alidation
The Conduct o f  
Requirement Reviews
Prototyping
Model Validation
Acceptance Tests
Rei/u i remen is \  lanagement
Change Management_____*E______
Requirement Attributes
Requirements Tracing

While not all topics can best be conveyed through a simulator, a subset of topics 

was identified that can best be presented to students through the large project simulator. 

These topics are among those that the simulator consists o f in order for the simulated 

project to have value in the course. The specific areas, the subtopics o f those listed in 

Table 6. where the simulator can improve the course are noted in Table 7. These topics 

further limit the scope of the simulator for this research endeavor. These topics are 

defined further in Appendix C. In addition the Waterfall and Incremental process models 

are available to simulate the project.

Table 7

Summary o f Software Requirements Topics in the Simulation and the Corresponding 
Mapping to Bloom’s Taxonomy

Software Requirements Analysis Included in the
_________________________________________________________________ Simulation
I. Requirements Engineering Process__________________________________________

A. Process models________________________________________________________
B. Process actors_________________________________________________________
C. Process support________________________________________________________
D. Process quality and improvement_______________________________________

II. Requirements Elicitation___________________________________________________
A. Requirements Sources_________________________________________________
B. Elicitation Techniques__________________________________________________

1. Interviews x
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2. Scenarios
3. Facilitated Meetings   w
4. Observation

III. Requirements .Analysis
A. Requirements classification

Functional &  Nonfunctional
2. Derived from 1- high-level req. or imposed by a 
stakeholder other source
3. Product or Process
4. Prioritizing req. (mandator)', highly desirable. 
desirable, optional)___________________________
5. Scope
6. Volatility Stability

B. Conceptual modeling
C. Architectural design &  requirements allocation
D. Requirements negotiation

IV . Requirements Specification
A. The requirements definition document

1. For customer
2. For other stakeholders

B. The software requirements specification (SRS)
C. Document Structure
D. Document Quality

1. Selecting appropriate indicators
2. Gathering and Analyzing Metrics from reviews.

V. Requirements Validation
A. The conduct o f requirements review's

1. Group composition is appropriate (may include 
customer)
2. Use of guiding documents like checklists to guide 
review and to doc findings________________________
3. Review process is at specified checkpoints and redone 
as appropriate________________________________________

B. Prototyping
C. Model validation
D. Acceptance tests

V I. Requirements Management
A. Change management

1. Understanding the role o f Change Management 
throughout lifecvcle
2. Have procedure in place

Analyze proposed changes
B. Requirements activities
C. Requirements tracing
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These topics allow students to apply the concepts learned in class to a simulated, 

large software project. In order to further place the research in context, the definition o f a 

large project is needed. The definition o f large project used in this research is a project 

that consists of a large software system. Such a software system contains more than 

100.000 lines to code to millions o f lines o f code (Soukup. 1994). Also, a large system 

contains the scope and complexity that is beyond the capabilities o f a single programmer. 

Instead, a large team (from dozens to hundreds o f people) is needed to develop the 

system.

During the course o f the simulation, the selected topics build upon one another as 

the simulation progresses in the context o f a large project. Although the simulator 

concentrates on the Requirements phase, many problems are not apparent until later 

phases in the product's development. As a result, the subsequent phases of software 

de\elopment (Design, Implementation. Testing, and initial Maintenance activities) are 

presented as well. The flow o f the topics w ill be discussed further in Chapter 4.

3.4 Summary

The material presented in this chapter presents the scope o f the simulator itself 

(including the underlying model). The process o f defining the specific concepts that the 

simulator embodies is presented in the rationale for the topics and lessons in relation to 

the traditional course. The topics themselves are a subset o f topics from the 

Requirements Engineering key process area w ithin SW EBOK. In addition, the 

assumptions for the simulator are presented in order to further scope the system and
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provide context for the interaction. The next chapter provides further detail concemin 

the interaction and the model o f the overall simulation experience.
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Chapter 4. Model and Simulation Development and Methodology

Introduction

The objective o f this chapter is to provide background information regarding the 

structure o f the simulation interface software and the system dynamics model. The 

methodology used during the simulation development is also presented. Section 4.1 

presents the overall structure o f the simulation. Section 4.2 presents the assumptions 

associated with the simulation. Section 4.3 presents the structure o f the simulation 

interface and the flow o f topics. Section 4.4 outlines the methodology utilized in the 

simulator. Section 4.5 presents the scope o f the system dynamics model. Section 4.6 

discusses the dev elopment o f the system dynamics model. The Section 4.7 presents the 

validation of the simulator.

4 .1 The Simulation Structure 

The project simulator presents students with a consistent project development 

expenence in terms o f the topics covered. Data relating to specific tasks is diversified in 

order to provide a more meaningful instructional exercise. The simulator presents each 

student with the tasks and topic information for the session. The student selects the 

factors that pertain to the topic at hand. The choices that the student selects are carried 

into subsequent topics so that the consequences o f choices are seen and the students can 

react to the consequences. The system was developed with off-the-shelf products 

(Macromedia Director and HPS Ithink).

As presented in Chapter 3. the overall simulator consists of several layers (as shown 

in Figure 5). The Interaction Layer (the front end o f the system) provides students with
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an engaging interface to the simulator. Students are presented with options and make 

decisions that affect the project from the perspective o f a Requirements engineer. This 

interface also guides the student through the sequence o f events involved in the simulated 

project's development, from Requirements Elicitation through Maintenance (Change 

Management). At the end of the simulated project, the student is provided with a 

comprehensive report that details their choices, what the most appropriate choice is for 

the particular activity, and the impact that each choice has on the product and the impact 

of each choice on the project’s quality, schedule and budget.

Simulation Interface Interaction Layer 
SDM Model Model Layer

Simulation Assumptions Assumptions
Simulation Topics_____ Topics_____

Figure 5 Layers of the Simulation Revisited

The advantage of this interface is that students can immerse themselves in the 

project and both the qualitative and quantitative details. Rather than merely entering 

values as parameters directly into a model and waiting for the output graphs (Beagley. 

1994; Rubin. Johnson &  Vourdan. 1994). students w ork in the context o f the project and 

interact with stakeholders. Rather than entering the number o f stakeholders to invite to a 

meeting, the student selects the two most appropriate stakeholders to inv ite to the meeting 

from a list. Rather than pressing the R U N  button and watching the productivity graphs 

fluctuate on the screen, the student receives verbal feedback from the programmers based
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on the quality o f  the requirements validation activity (in addition to the quantitative 

consequences on the project's schedule and cost). Further details regarding the specific 

How o f events and the types o f choices and results are be presented in Section 4.3.

In order to increase the replay value of the simulator, the requirements that are 

analyzed, inspected, and managed during the simulation are drawn from large lists that 

are organized in order to provide varied information, within the bounds of the quality o f  

previous interaction. Most feedback from stakeholders and developers is draw n from a 

large pool o f statements so that the quality is dependent upon previous interaction. In 

addition, the agenda topics used during elicitation activities are randomly selected in 

order to vary the presentation o f information that the student needs to assess.

The underlying SDM model (e.g. the Model Layer or the back end of the system) 

receives inputs from the Interaction Layer, processes selected inputs from the student and 

simulates the impacts of the parameters on the project’s schedule and cost. The results o f  

the simulation model are then sent back to the simulator to display and utilize in 

subsequent activities. The ongoing output from the simulator is displayed alongside the 

quantitative or qualitative output from the Interaction Layer (the interface program).

4.2 Assumptions o f the Simulation 

In order to further define the scope of the simulator and to provide context for the 

student, several assumptions are made in the team, the project, and the process. Since 

these assumptions help set the stage for the simulation, the assumptions have been given 

their own lay er in the overall simulation overview diagram in Figure 5. In the model, 

most o f the assumptions are represented as constants. The assumptions are:

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

46

The Organization and Team.

•  The members of the team developing the system generally have experience working 

on large projects using the technology needed to complete the project, but some 

inexperienced developers are present. The overall experience level is considered to 

be average.

•  All employees work full-time.

•  Morale and management support is high.

•  Tumover and other staffing problems are not present.

The implications of the Organization and Team assumptions are that the 

underlying model will not be further complicated and need further modeling in order to 

accommodate vanous staffing. personnel, and administrative details. In order to test the 

hypothesis, the model is streamlined to concentrate on the Requirements Engineering 

(and subsequent) activities. Rather than dismiss the need to incorporate such details into 

the overall development model, the task is left for future versions of the simulator as 

described in Chapter 6.

The Project

•  The project domain and details, the course registration and grade display system for 

the entire California State University system, are o f sufficient complexity for a large 

project simulator.

•  The given estimation of effort and cost are appropriate for the large project.
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The hypothetical project is assumed to be large enough in terms o f the size, 

complexity, and effort required. No one developer could develop and maintain such a 

large system. Such a large system gives the studeni the opportunity to participate in the 

type o f large project that is undertaken in industry - offering added value to the 

simulator. Other systems in this domain that exist are student information systems or 

course registration systems for a university. Such projects are developed by several 

developers o\ er the course o f a couple o f years, from initial planning to delivery. The 

hypothetical project scaled up the course registration system and added complexity so 

that it is easily classified as a large project.

The Development Process.

•  In regard to communicating with stakeholders, the assumption is made that the 

customer is in the same geographical region as the developer. As a result, travel time 

is not an issue in terms o f the customer or other stakeholders attending meetings or 

interviews.

•  Neither elicitation technique is better than the other in terms of efficiently gathering 

requirements. Either technique is appropriate.

•  Only one elicitation technique is used per project. In other words students do not use 

both the facilitated meeting technique and interviews in the same project (session).

•  When the facilitated meeting technique is used to elicit requirements, all o f the 

requirement engineers' questions need to be addressed by the appropriate 

stakeholders before the subsequent activities can proceed.
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•  During the requirement validation activity, all selected stakeholders are prepared 

for the inspection meetings. Even stakeholders w ho are not appropriate to include in 

the inspection process have looked over the requirements and have comments for the 

meetings.

•  Once requirements are identified for rework, the necessary corrections are assumed to 

have been conducted.

The Development Process assumptions streamline the underlying model so that it 

will not be further complicated and need further modeling in order to accommodate 

various development-related details. In order to test the hypothesis, the model is 

streamlined to concentrate on a straightforward sequence o f Requirements Engineering 

(and subsequent) activities. During each topic (e.g. Requirement Elicitation) the student 

concentrates on the current tasks rather than dividing his her attention between the 

current topic and periphery topics (e.g. staffing). The simplified sequence o f events 

allow s the student to concentrate on the tasks at hand rather than be confused w ith details 

that w ill distract the student from the pnmary objectives o f the system. Future versions 

o f the simulator w ill incorporate such details into the overall development model as it 

evolves. See Chapter 6 for more information.

4.3 The Simulation Interface and Flow o f Topics 

The Interaction Layer o f the simulator presents the sequence o f activities that the 

student traverses. The flow o f interaction is presented in Figure 6. Tw o general paths are 

possible in the simulator, with each path represented by the elicitation technique selected
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in the onset o f the project (either Facilitated Meetings or Interviews). The following 

presents the order and details o f the activities involved in the simulated project.

Requirement
Elicitation

Requirement j, 
Analvsis !

Project and j, 
Team Info i

Facilitated
Meeting

Development

Delivery
Interview

Closure

Figure 6. Flow o f Interaction 

-f..\ 1 In itia l Details

Before the student can start the project, he or she must know what the project is 

about and what the development team is like. The author spent considerable time 

dev eloping the requirements for a hypothetical, large project. The project, a course 

registration and student information system for all o f the campuses in the California State 

University system. The project was selected since the student is familiar yvith course 

registration, grades, and general university life. Thus, the student would not need 

considerable time to learn about the domain. At the same time, the project is different 

from the course registration and student information system at Arizona State University, 

and so the student is compelled to read the details carefully. Since the primary task o f the 

student is to gather and yvork with requirements, the initial project description does not 

list all o f  the project requirements. Instead the description provides an overview o f the
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project and lists some requirements. The description can be referred to at any point in 

the project.

In addition to the project description, a description o f the team that the student 

participates in is presented. Overall team details are provided so that the student can feel 

more that he she is part o f a team rather than merely making selections with a mouse.

Like the project description, the team description is viewable at any time in the project.

4.3.2 Requirement Elicitation

The first decision that the student needs to make is to choose which elicitation 

technique he or she wishes to use for the project. Either the Facilitated Meeting 

technique or the Interview technique can be selected. For the hypothetical project, either 

technique is appropriate. With the simulator, the student compares their strategies with 

the two techniques as he or she can experiment with each technique at each use o f the 

simulator.

4.3.2.1 Facilitated meetings.

When the student selects the Facilitated Meeting technique, he or she needs to 

inv ite the most appropriate stakeholders to the meeting. The student is engaged in 

several meetings, one at a time, where each meeting has three agenda topics. The three 

agenda topics are randomly selected from a set o f pre-defined topics. When the meeting 

agenda topics are displayed, the student selects the two stakeholders ( from a list) that are 

most likely to answer all o f the requirements engineers' questions regarding the project’s 

requirements.
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Once the student sets up the meeting, a meeting status screen displays a variety 

o f information. The status screen informs the student o f how well the meeting went in 

terms o f what percentage o f  the developers questions were answered by each selected 

stakeholder and what percentage o f all questions for all topics have been answered at the 

time. The quality o f the answers, based on the average o f the percentages o f answered 

questions from all meetings conducted, are analyzed in the Requirement Analysis section. 

In addition two counters are displayed. These counters show the impact o f the current 

meeting on the overall project schedule and cost, in terms o f the number o f days that the 

schedule w ill be exceeded and the number of dollars that the project budget w ill be 

exceeded. The layout o f the status information is displayed in Figure 7.

Gathering Requirements: Facilitated Meeting

The following is the outcome of the meeting along with the ongoing status o f 
the project

Questions Answered ( • • )
This Meeting OveraC

M eetin g  N um ber

Project Overruns 
Schedule (Days) Cost ($ )

ofTisatss £
Engish Spsicr.g £:uinr.ts

Tn-e Display 4 Irpu: Prtcsss 3
V.'st Server 13C

S:-isn: R^g^’jan :r. ; 3

[ Conrmot ]

Figure 7. Sample Facilitated Meeting Status Information Screen.
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After each meeting, the student decides whether to include the current topics in 

future meetings or to remove the topics from future meetings. I f  all questions are 

answ ered for a topic ( I00°o). then it is automatically removed from future agenda 

meetings. Next, the student is presented with the agenda topics for the next meeting.

The simulator asks the student i f  he or she w ishes to keep the current stakeholders or 

choose new ones. The cycle continues until all o f the topics have been addressed, and 

hopefully all o f the questions for all o f the topics have been addressed.

4.3.2.2 Interviews.

When the student selects the Interview technique, he or she needs to invite the 

most appropnate stakeholder for each interview. The student is engaged in several 

interviews, one at a time, where each interview has two agenda topics. The two interview 

topics are randomly selected from a set o f pre-defined topics. When the interview agenda 

topics are displayed, the student selects the stakeholder (from a list) that is most likely to 

answ er all of the requirements engineers' questions regarding the project's requirements.

Next, the student selects five questions from a randomly-generated list for each 

topic included in the interview. The selected questions should be the most clear and 

complete questions from the list that are appropriate for the stakeholder (questions that 

he she can answer). Rather than quantitative results, the student sees the stakeholder's 

responses in a Questions-and-Answ er format for each interview topic. As in the 

Facilitated Meeting technique, the quality o f  the answ ers are analyzed in the Requirement 

.Analysis section. Using the Interv iew technique, the quality o f answers is based on the 

average of the percentages o f selected questions that are appropriate to ask the
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stakeholder from all conducted interviews. An appropriate interview question (for the 

selected stakeholder) w ill vield a response that is useful to the requirement elicitation 

activity. The quality o f  the answers factor (combined for all topics) is used to select the 

quality o f requirements that are examined in the Requirement .Analysis activity. After the 

interview, the student selects whether to conduct another interview with another 

stakeholder ( i f  the student is not satisfied with the results with the interv iew) or to 

conduct another interview with a new set o f topics. I f  the student mov es on to another set 

of topics, then the interview cycle continues until all o f the topics are covered.

At the interview status screen, two counters are displayed that show the impact o f 

the current interview on the overall project schedule and cost. The layout o f the status 

information is displayed in Figure 8.

Gathering Requirements: Interview
Beicw is a samp tag cf the outcome of the interview S. ad  through each question and the 
stakeholder s answer The responses w ill represent how knowledgeable the stakeholdc is m 
the topic areas you selected

Topic: Grade Display and Input Process ( E t c  the system.

Q .  fa ftpocc&fa tc haw* % covta wtfamt t fad i a td fw it j  s. c  th> mti <*tt*  t n '

\ l  Y « , c t  b c a n f ik u  a s *  m. T r f  t  Afao t  ;h* w s a ^ s  4m*  net g s  th» f i d t s  »  m  xmm & w i l l  b*
t>M

In te rv ie w  N um ber Project O verruns
Schedule (Days) Cost (J )

[  CcnJctqg j

Figure 8. Sample Interview Status Information Screen
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4.3.3 Requirement Analysis

During the Requirements Analysis activity, students need to assess subsets o f 

requirements based on four different perspectives: Scope. Type. Priority, and Volatility. 

For each t>pe o f  analysis, seven requirements are randomly selected from a larger set. 

The student must analyze each requirement and categorize it. According to Scope a 

requirement can be in or out o f the scope o f the system. According to Type, a 

requirement is either functional or nonfunctional. According to Priority, a requirement is 

either Mandatory. Desirable, or Optional. According to Volatility, a requirement is either 

High. Medium, or Low probability o f changing dunng the course o f development.

The student does not receive immediate feedback from the simulator. Instead the 

Interaction layer averages the percentages of the requirements that w ere identified 

correctly for all o f  the perspectives. This result is sent to the model for use in the 

derivation of the number o f days that the schedule is overrun and the number of dollars 

that the budget is exceeded. In addition, the result is also used to select the quality of 

requirements used during the subsequent Requirements Validation activity. The more 

accurate the analysis, the better (in terms o f completeness, clarity, and accuracy) the 

requirements set to be inspected.

4.3.4 Requirement Validation

The quality o f the requirements from the analysis activity affects the quality o f the 

requirements used in the validation activity. At this stage, the selection of topics is 

narrowed to three topics. Three topics are chosen in order to allow students to

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

55
concentrate on the quality o f inspection rather than quantity during this instructional 

activity. More than three topics would render the inspection process tedious in respect to 

the other project tasks in the simulator. Within each topic a large pool o f requirements 

are available from w hich random selections are made. For nearly all requirements, 

different versions exist for good. fair, and poor quality requirements. Good requirements 

are clear and complete. Fair requirements have moderate problems u ith clarity or 

completeness. Poor quality requirements have serious issues with clarity and. or 

completeness.

For each topic, the student is presented with a partially filled team needed to 

inspect the requirements. The student is given the opportunity to either select an 

appropriate stakeholder from a given list or not select a stakeholder at all i f  none is 

appropriate. Then, a list o f randomly generated requirements for each topic is presented. 

The student inspects each requirement, based on a provided inspection checklist, and 

selects that each requirement is acceptable as-is. needs revision, or that the student is not 

qualified to inspect the requirement (the requirement is outside of his her domain).

The inspection status screens display the results o f the inspection. The feedback 

from the different members o f the validation team are presented for the group o f 

requirements. Besides the requirements themselves, the feedback also is presented from 

the teammates for the quality o f your inspection. Based on the quality o f the feedback, 

the student can either hold another inspection for that topic or move to the next topic until 

all topics have been addressed.

The average o f the correctly identified requirements for the current inspection is 

sent to the model for use in the cost and schedule penalty calculations that are displayed
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in the last status screen for each inspection. The average of all percentages for the

iI
correctly inspected requirements during all inspections is calculated by the Interaction 

Layer (the interface program). In addition, the result is used to select the quality o f the 

developers' and customers' feedback during the subsequent development phases and 

deliv en . respectiv ely. The more accurate the validation, the better (in terms o f 

completeness, clarity, and accuracy) the requirements set to be used during development. 

The better the requirements set. the better the product that is delivered to the customers.

4.3.5 Development Feedback

Based upon the quality of the requirements set from the validation activity, the 

student received feedback from designers, programmers, and testers from his or her team. 

Statements are displayed from designers at tlrst. and the impact o f the requirements set 

and their feedback (which descnbes the quality o f the requirements and any rework that 

needs to be done) is presented in terms o f any overall schedule and cost penalties. Next 

the programmers present their feedback along with any overall schedule and cost 

penalties. Lastly, the testers present their feedback, and any penalties are also displayed 

for the student. The statements originate from the Interaction layer, while the penalties 

are derived from the underlying model.

4.3.6 Delivery
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After the student receives feedback from his or her simulated teammates, the 

product is delivered to the simulated customer. The simulated teammates enable the 

student to feel more a part o f the team rather than merely a user o f a program. In 

addition, the student learns to accept qualitative feedback from (simulated) peers rather 

than only quantitative feedback from the simulation. The delivery feedback consists o f 

verbal feedback from the customer as to whether the product meets their needs (in terms 

of quality). and the display o f the schedule and cost overruns for the project to that point 

in time. The feedback is drawn from possible statements stored in the system, while the 

penalties are draw n from the model. The quality o f the requirements set produced during 

the validation activity (the percent identified correctly) drives the customer feedback.

4.1. ~ Maintenance as Change Management

As a product's development does not end with its delivery', the simulator prov ides 

the means for the student to participate in the product's maintenance in terms of change 

management. The quality of the requirement set from the product affects the change 

submissions that are used in this phase. Since the product has been delivered, the 

schedule and cost counters have been reset.

Four change submissions are presented to the student, one at a time. For each 

change submission, information is provided concerning the nature o f  the change, who has 

asked for the change, the need for the change, and an estimation o f the time needed to 

complete the change. The student analyzes the change, using a supplied list o f heuristics, 

and determines the priority o f the change within the scheme o f the overall maintenance 

cycle. The student can chose to implement the change immediately (H igh Priority), wait
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to implement the change until the next release (Medium Priority), or delay the change 

until a possible, yet undetermined time in the future (Low Priority). After the student 

prioritizes a change submission, the student receives verbal feedback from the developers 

on the project and the customer. The feedback refers to how the decision either 

positively or negatively has affected the project's quality, schedule, and cost. The short­

term and long-term effects are shared with the student by those whom the decision affect. 

For example i f  the student chooses to have a change implemented immediately, when the 

change should have been delayed until the next release, the customer may thank the 

student but the developers complain about losing time that needed to be allocated to more 

pressing issues.

4.3 S Closure

The last stage of the simulator is the presentation o f the report. The student sees a 

detailed history of his or her decisions in the system. Besides the selections themselves, 

the report also displays any cost or schedule penalties for each decision. For the 

requirements elicitation activity and the requirement validation, the report also presents 

the stakeholders who were most appropriate for the topics covered during the elicitation 

session inspection.

4.4 Methodology

The design of the simulator is based on the research hypothesis, whereby the 

student w ill be able to better understand the Requirements .Analysis and Specification 

activities in a long-term project. The simulator serves as an instructional tool that enables
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the student to increase his, her level o f understanding from one level to another. This 

learning is based on Constructivist Learning, the learning paradigm whereby the student 

builds knowledge through active learning and reflection (New York Institute o f 

Technology, n.d.>. Constructivist theory' is based primarily on the w ork o f Jean Piaget. 

The main principles o f Constructivism, that support the use o f the simulator as an 

instructional aid. are that:

•  Constructivist knowing assumes the active and proactive nature o f learning, and 

knowledge.

•  Students use prior know ledge and experience as a starting point for useful, personal 

know ledge construction.

•  Constructivist learning experiences include reflective thinking and productivity. (New 

York Institute o f Technology, n.d.)

The simulator is not computer-based training, w here the program serves an electronic 

tutorial and quiz. Instead, the student is actively involved in his. her learning. The 

student needs to use prior know ledge and utilize it w ithin the context o f a large project. 

During the project and after the project has ended (and the report is presented), the 

student reflects on his her decisions and adjusts them as needed in order to produce a 

better product in the future (simulated or otherw ise).

For both elicitation techniques, the goal is for the student to ascend to the 

Application level o f understanding, based on Bloom's Taxonomy. At the Application 

level, the student uses previously acquired information in new and concrete situations to
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solve problems (Krumme. 1995). The new situation is the meeting or interview 

needed to elicit requirements using either the facilitated meeting or interview technique, 

respectively. The knowledge of what the techniques consist o f is the previously acquired 

information. In order to provide some structure, the topics are provided for the meeting 

or interview. Based on this information, the student selects the most appropriate 

stakeholders, those who w ill be able to satisfactorily answer questions, for the meeting or 

interview. A list o f  stakeholders is provided in order to keep the student focused on the 

list of stakeholders, and to facilitate the computer simulation. In the case o f the Interview 

technique, the student also selects the five most appropriate questions from a list for each 

o f three topics on the interview agenda. Allowing the student to select the appropriate 

questions, allow s the student to show his/her understanding o f w hat a clear and complete 

question is -  a question that would be useful in obtaining an answ er from the stakeholder. 

During the class project, the student alw ays asks the instructor any project-related 

questions since the instructor represents all project stakeholders. The simulation allow s 

the student to ask multiple stakeholders questions over time. The output provides the 

student w ith minimal information needed to assess the quality o f the meeting or 

interview. The feedback is then used to direct the future actions, either to continue the 

quality o f w ork or to counteract inferior decisions. For the Facilitated Meeting technique, 

the student is presented with quantitative information consisting o f what percentage o f all 

questions were answered by each stakeholder for the current meeting and ongoing 

meetings. Having verbal feedback from the stakeholders for the different topics would be 

overwhelming. However, knowing how effectiv e the meeting was. in terms o f the 

amount of questions answered, is the main issue. By contrast, each interview presents the
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student with the answers to the questions that were selected. Such detail is more 

appropriate in the Interv iew technique since only one stakeholder is being interv iewed, 

and the student deserv es such feedback in order to ascertain the correctness o f the choice 

of the questions selected. The crux o f conducting interv iews is to ask the right questions, 

and this activity carries that through to the student.

For both elicitation techniques, a pair o f data points is provided to the student -  

the counters for the schedule and budget overruns. These counters are provided during 

the meeting and interview status screens, in addition to nearly all other topic status 

screens. The purpose o f the counters is to present the status c f  the project in a succinct, 

meaningful manner. After all the goal o f software engineering is to deliver a product that 

is ‘on time and under budget.’ These counters prov ide the student with this product 

information so that the student can see how his-her decision affected the project's 

schedule and budget. When the student sees that his her choices are negativelv affecting 

the schedule or budget, then he she can use the opportunity to make different and better 

choices.

During the Requirement .Analysis activity, the goal is for the student to ascend to 

the Comprehension level o f understanding, based on Bloom's Taxonomy. At the 

Comprehension level, the student can understand the meaning o f infomiational material, 

and can demonstrate the understanding through classification, description, and providing 

examples (Krumme. 1995). The simulation provides an environment where the student 

exercises his her understanding o f each type o f requirement (e.g. by priority, scope, 

volatility, and functional/nonfunctional). In order to provide some structure, each type o f 

analysis is conducted separately and the requirements are presented in a list. Within each
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list, the student classified each requirement using criteria appropriate for each 

requirement type. The classification schemes are minimal in order to provide concrete 

gradations and avoid confusion. After the classification activity is completed the student 

progresses to the next activity, requirement validation. Unlike the other topics, no 

immediate feedback is provided that informs the student how many o f his-her responses 

are correct. The immediate feedback is presented in the quality o f the requirements that 

are inspected in the subsequent activity. However the student receives feedback in the 

final report, where each requirement is presented with the student's response and the 

correct classification for comparison. Since the intent for the simulation is to show the 

consequences o f the correct and incorrect choices, the design decision was made to not 

allow the student to correct the classification. I f  the simulation merely informed the 

student whether the requirements were classified correctly (immediately after the 

classification occurred), then the student does not see the relationship between the choice 

and the consequences at the project level.

During the Requirement Validation activity, the general goal is for the student to 

ascend to the Application level o f understanding, based on Bloom’s Taxonomy. As in 

the case o f the Requirement Elicitation activity, the student uses previously acquired 

information in new and concrete situations to solve problems (Krumme, 1995). The new 

situation is conducting the inspection. The knowledge o f what an inspection consists of 

is the previously acquired information. Within the specifics o f  Requirement Validation, 

the additional goals o f  understanding the use o f guiding documents and o f the need to 

review requirements at various points in the development process at the Analysis level 

exist. Understanding at the Analysis level involves the usage o f prior knowledge in the
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recognition o f patterns, the recognition o f hidden meanings, and the organization o f  

parts. The prior know ledge consists o f  the understanding o f checklists and at the conduct 

of review s throughout the lifecycle. In order to provide some structure, the topics are 

provided for the inspections, and most o f the members of the inspection teams are 

provided. Based on this information, the student selects the appropriate stakeholder for 

each inspection team. It is possible that no other stakeholder is needed besides those 

already in the team. This possibility exists in order for the student to examine the 

structure o f the team in regard to the requirements that need to be inspected. For each 

topic, a list o f requirements is provided for inspection. A checklist is provided that the 

student uses during the inspection process. The inspection process allows the student to 

apply their understanding o f the project requirements and o f the inspection process. 

However, the Analysis level o f understanding is apparent as the student breaks the 

inspection process dow n into steps and examines the structure o f the requirements. The 

requirements are classified as either being valid, needing revision, or out o f the student's 

domain. The possibility of a requirement being out o f the student's domain o f expertise, 

introduces the need for the student to distinguish his her role in the process. The result of 

the inspection is presentation o f the verbal feedback from the other reviewers. In 

addition the budget and schedule counters are presented, show ing the impact o f the 

inspection on the overall project budget and schedule. This information provides 

evidence o f the behavioral outcome that the student reflects on as the inspection process 

progresses. As the student has the opportunity to reflect o f the quality o f the inspection, 

and can elect to hold inspection again or move to next topic’s inspection. The
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recognition o f the need to re-inspect the requirements, based on the performance o f the 

inspection, further supports the acquisition of the Analysis level of understanding.

The subsequent development phases, design, implementation, and testing, are not 

show n in detail since those phases are outside o f the scope o f the research. However 

some representation o f these phases is needed in order to provide a feeling o f 

continuation for the project. In addition the student's choices during the requirements 

engineering activities (represented in the simulation) do have consequences in these 

subsequent phases that need to be represented. The feedback is verbal, from the student's 

simulated teammates who "w ork" on the design, implementation, or testing. The verbal 

feedback is meant to remind the student that he she is part o f a team and that each 

decision affects the team. Rather than displaying a set o f numbers, the student reads the 

comments and questions from his her teammates. To remind the student that the previous 

choices can have an additional impact, the schedule and budget counters are displayed. 

These counters may increase at this stage of the simulation. For example, an inaccurate 

requirements set w ill result in questions and complaints from the teammates and rework 

is needed.

Before the maintenance phase is portrayed, the product must be delivered to the 

customer -  even i f  the customer is simulated. The deliver.’ is realized as the point where 

the customer offers verbal feedback to the student. The feedback represents the 

customer's sentiment about the product's quality. Quantitative feedback is presented, in 

the form o f the budget and schedule counters. These counters show the student the state 

of the project schedule and budget when the project is delivered. The presentation o f
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these counters otTers closure, whereby the student can reflect on how hisher decisions 

resulted in the extent o f schedule or budget issues.

The final activity is the Requirement Management activity. During this activity, 

the goal is for the student to ascend to the Application level o f understanding, based on 

Bloom's Taxonomy. In this activity, the new situation is conducting the inspection since 

the student does not manage requirement changes during the class project. The 

know ledge o f change submissions is the previously acquired information. In this activity, 

the specific topics involved are the role o f requirements management throughout the 

lifecycle, the need to have a procedure in place, and the analysis of proposed changes. In 

order to pro\ ide some parameters for the simulation, the application of the requirements 

management process is limited to the maintenance. Applying the requirements 

management process to maintenance is intended to demonstrate the process at a point in 

the lifecycle other than the requirements phase. The structure for this process is provided 

by the four change submissions. Each change submission describes the desired change, 

the ongin o f the submission, and the time estimated to implement the change. In 

addition, the student is provided w ith heunstics to use in the analysis of the change 

submissions. The student solves the problem o f classifying the change by selecting the 

priority o f the change. The choices are to implement the change immediately, implement 

the change in the next version, or to delay the change until a future version ( i f  at all). The 

resulting feedback consists o f verbal feedback from customer and developers. This 

feedback allow s the student to reflect upon his/her choice as the next change submission 

is examined. As is the case o f other verbal feedback, the student hears from those 

individuals who are affected by his her decision. Even i f  the class project entailed
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requirement management. The feedback would be limited to instructor feedback, 

which is not as meaningful or realistic as the feedback from the customer or teammates.

4.5 Scope o f the Model 

Just as the overall simulation has boundaries, so does the underlying model. Like 

the interaction portion (the front end) o f the simulator, the entire development lifecycle is 

represented. The emphasis o f the model is the requirements phase, but the design, 

implementation, and testing phases for the core increment (or the initial version i f  the 

Waterfall model is being utilized) are included in order to allow the choices from the 

requirements phase to filter through the lifecycle.

The model is at a high level o f abstraction. Such abstraction is contrary to the 

detailed models used in other simulators (Tvedt. 1996) that were tailored to mimic reality 

in as much detail as possible. While general accuracy is desired, the intent for the model 

is to reflect the more general patterns o f interaction between requirements engineering 

and development (as reflected by the overall schedule, cost and quality) in order to assist 

students in the learning process. As a result, students can observe how their interactions 

affect the overall project rather than minute details that are not addressed by the 

instructional topics (e.g. staffing requests).

4.6 The Development o f the System Dynamics Model 

The main purpose o f the underlying System Dynamics Model is to represent the 

affects o f the quality o f requirement elicitation, analysis, and inspection on a project’s
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overall schedule and cost. The model is used in conjunction with the interface (the 

Interaction Layer).

During the initial, analysis phase o f this research project the processes involved in 

the Requirements phase were studied and modeled. The relationships between the 

various tasks, activities, products, and people are modeled according to System Dynamics 

Modeling. The model itself was developed using a standard technique using the 

depiction o f cause-efTect and feedback loops according to standard iThink notation. The 

model is primarily straightforward in nature, as it reacts to the student's input as the 

project progresses. The model is in Appendix D.

Variables in the model that are input by the Interaction Layer are named 

SIMm/we. in order to provide easy recognition to the developer and to the reader. These 

variables are sent to the model after the Interaction Layer completes any necessary 

calculations. In order to calculate values that represent the impact o f the decisions made 

up till the current activity, default values are used in the simulator until the Interaction 

Layer submits new values that represent the student's selections.

At the beginning o f the simulation, the student selects an elicitation technique to 

use in the project. In order to accommodate the need for the student to choose an 

elicitation technique, the model includes switches for both the Facilitated Meeting and 

Interview techniques that are set to 1 when the technique has been selected and to 0 when 

the technique has not been selected. These switches are set by the Interaction Layer.

Both switches are set to the appropriate value. The rate o f the requirement elicitation 

differs depending on which elicitation technique is selected.
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Dunng the Facilitated Meeting technique, the rate o f eliciting requirements is 

influenced by the effectiveness of the facilitator (default is 100). stakeholder buyin 

(default is 100). the factor representing that the correct stakeholders w ere selected (SIM  

Representation o f Stakeholders), and the number of meeting sessions conducted (SIM  

Number of FM Sessions Multiplier). The number of meeting sessions multiplier is used, 

along with the number o f planned meeting sessions, to determine the ongoing meeting 

schedule and cost overruns. The schedule and cost overrun values are used in the ongoing 

calculation o f schedule and cost overruns, calculations handled in another part of the 

model. The rate o f requirement elicitation determines the set o f raw requirements that 

w ill be analyzed in the subsequent activity.

During the Interview technique, the rate o f eliciting requirements is influenced by 

the quality of questions (SIM  IN T  Quality o f Questions Factor), the effectiveness of the 

requirements engineer (default value is 100). and the buyin o f the stakeholder (default 

value is 100). The quality of the questions (an ongoing average for the interview sessions 

conducted) is along with the number o f planned interview sessions, to determine the cost 

overrun value. The schedule and cost overrun values are used in the ongoing calculation 

of schedule and cost overruns, calculations handled in another part o f the model. The 

rate o f requirement elicitation determines the set o f raw requirements that w ill be 

analyzed in the subsequent activity.

At the conclusion of the requirement analysis activ ity, the Interaction Layer 

calculates the percent o f requirements that were correctly identified by the student for 

each analysis activity (e.g. scope, priority). These \alues are sent to the model to 

populate the variables. S IM  Req Scope Efficiency Factor, SLM Func Nonfunc Req
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Analysis Efficiency Factor. S IM  Req Prioritization Efficiency Factor, and SIM  Req 

Volatility Efficiency Factor. These values are used to extrapolate the quality o f the 

requirement analysis for all requirements in the system, and participate in the subsequent 

calculations o f anticipated budget and cost overruns. The average o f the efficiency 

factors (the percent of correctly classified requirements for the requirement types) affect 

the Set o f Analyzed Requirements that w ill be developed into the product. The average 

also determines the extent of any schedule and cost overruns.

The rate o f Requirement V alidation is affected by S IM  Percent Assessed 

Correctly V A L. the percent o f requirements that are assessed correctly in the validation 

activ ity. This value, sent by the Interaction Layer, is the average for all inspections. The 

quality o f the inspection is reflected by this value. As each inspection is conducted, the 

Interaction Layer resends the new value in order to reflect all inspections through the 

current one. The quality of the inspection is used to determine any schedule or cost 

overruns (e.g. Actual Cost VA L. Actual Validation Result Time Usage V A L) that are 

derived from the Requirements Validation activity.

The rate o f implementing the requirements is influence by the overall quality o f 

the requirements (Overall Quality o f Requirements Factor) and any additional work that 

needs to be done (Add'l Work). The overall quality o f the requirements is an average of 

the average percentage of the quality factor for the selected elicitation technique, the 

average percentage o f correctly classified requirements during the Requirements .Analysis 

activity, and the percentage of requirements assessed correctly during the Requirements 

Validation activity. The Additional Work is comprised o f the rate o f new requirements 

introduced to the system. I f  the requirements volatility flag is set to 1 (as it is by
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default), then the rate o f new requirements (the Additional W ork) is set by the 

Interaction Layer (SIM  percent o f  new requirements work).

The schedule and cost overruns are calculated separately by the model. Cost 

overruns are calculated using the overruns from the selected elicitation technique, the 

analysis activity, and the validation activity. The overrun is the difference between the 

estimated budget and the overruns from all traversed activities. The schedule overruns 

are calculated using the overruns from the selected elicitation technique, the analysis 

activity, and the validation activity. The overrun is the difference (in days) between the 

estimated schedule and the overruns from all traversed activities.

The outputs from the model are the ongoing schedule and cost overruns 

calculations. The Interaction Layer retrieves these values and displays them, along with 

any other feedback, on the status screen. The student uses this feedback to assist him or 

her in determining how to proceed in the simulator.

4. ~ The I 'alidation o f the Simulator 

Model validation is discussed in a variety o f research applications o f simulation 

models (Sterman. 1992; Sycamore. 1996; Gilbert &  Troitzsch. 1998). Several tests exist 

including the ability o f a model to replicate past system behavior, historical fit. and 

sensitivity analysis. In order to accomplish this, tests can be conducted through 

comparison against survey results or even expert opinion. The goals o f validation are to 

show that the model is suitable for the intended purposes and that it is consistent w ith 

reality (Madachy. 1996). To accomplish these goals, multiple tests are often conducted 

on the model structure and behavior, in order to filter out ineffective models.
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When research is undertaken to realistically model a real system as closely as 

possible, great care is taken to validate the model. For example. John Tvedt conducted 

multiple tests when validating his model, simulating the impact o f process improvements 

on software development cycle time (Tvedt. 1996). First, the model's structure was 

validated after consultation with experts (experienced software engineers) o f the real 

system. A parameter values test was also conducted in order to demonstrate that the 

model’s calibration input values consistently portray the information gathered about the 

real system. In this case, the information was gathered from research literature and a 

local software development company. The behavior o f the model was tested via model 

execution and output comparison with the expected or observed values from reality. The 

degree o f accuracy is critical during the behavior tests. Four types o f tests were 

undertaken, where the model was tested in its ability to replicate reference behaviors, 

under extreme conditions, with surprise behaviors, and through observed system 

behaviors using an actual project as a statistical comparison. The first three tests were 

conducted simultaneously through a series o f scenarios.

The model (and the simulation in general) in this research endeavor plays a key 

role in the student's learning experience. This learning experience, involving the 

recognition o f the value and need o f Requirements Analysis and Specification activities 

in a long-term project, is the foundation o f this research. The primary objective o f this 

simulator (and model) is not to model the realism of the development phases o f a large 

project. Instead the objective is to define and evaluate a model to provide students with 

the knowledge and skills normally acquired while working on a large project. The model 

portrays the activities needed to gather, analyze, validate, and manage the requirements
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involved in a large software project. This portrayal o f these activities does not include 

the realistic depiction o f the nuances involved in development. The model is more 

abstract than the other models that have been presented previously (see Chapter 2 for 

examples!.

The Interaction Layer interacts with the model in order to provide the student with 

the illusion o f interaction in a project. The model's primary focus is to portray the 

consequences o f poor requirements in the schedule and budget as the student progresses 

through the exercise. U nlike industry, the student does not experiment with the model 

directly and the student does not interpret the model's output directly (in the form of 

graphs, charts, or instrument displays). Instead the model, in conjunction with the 

Interaction Layer, provides an experience for the student that allow s him her to learn 

about the components involved in development. As such, the validation activities 

described previously were not employed here. The tests did not correspond to the 

objectives o f the simulator or the model. I f  the model (and simulator) w as intended to 

realistically model a long-term project, then such rigorous validation is called for. 

However the abstract, instructional nature of the simulator makes the gathering o f data 

from a real system difficult at best. In addition, the objectives o f the simulation clash 

w ith the parameter tests and behavioral tests that are used to validate other models.

Instead the simulator was checked to make sure that the results are reasonable. I f  

the simulator does not produce results that sensible, then the objectives cannot be 

assessed. The simulator and model are intended to represent the general correlations that 

exist in industry betw een choices and their impacts on a project's quality, cost, and 

schedule. In order to test the validity o f the simulator and model, a variety o f inputs w ere
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entered and the interface's and model's output w ere assessed in order to ascertain 

whether the results were reasonable. Even though some aspects o f the simulator are 

randomized, the t>pes o f inputs do not change. The only variant is whether the 

Facilitated Meeting or Interv iew technique is selected as the requirement elicitation 

technique.

Each type of scenario w as tested as a pair, once for the Facilitated Meeting 

technique and once for the Interview technique. The first pair o f scenarios tested w ere 

projects that were on-time and within budget (no overruns) for each type o f requirement 

elicitation technique. For each type of elicitation technique, the appropriate inputs w ere 

entered that would result in a perfect requirement set. The results from the interface were 

highly favorable feedback from stakeholders, teammates and the customer (upon 

delivery). The results from the model, displayed in the interface, were no schedule or 

cost ov erruns -  just as predicted.

The second pair o f scenarios tested was for projects that had a poor set o f 

requirements and should result in serious schedule overruns, cost overruns, and 

appropriate feedback. For each elicitation technique, the appropriate inputs were entered 

that would result in a very poor quality requirement set. where the quality factor is below 

40 percent. The results from the interface were very negative feedback from 

stakeholders, teammates and the customer (upon delivery). The results from the model, 

displayed in the interface, w ere extremely high schedule or cost ov erruns -  just as 

predicted. The schedule ov errun w as 620 days and "14 days (over the 700-dav schedule) 

while the cost overrun was S I.375.000 and S I.571.166 (over the S I.5 million dollar 

budget).
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The third pair o f scenarios tested were for projects that have a good 

requirements set and should result in a minor schedule delay (within 15°o o f the 700 day 

schedule), cost overruns, and appropriate feedback. For each elicitation technique, the 

appropriate inputs were entered that would result in a good quality requirement set (with 

a factor betw een SO and 90). The results from the interface w ere appropriate feedback 

from stakeholders, teammates and the customer (upon delivery). The feedback 

reinforced the high quality of relevant requirements while pointing out relevant problems. 

The results from the model, displayed in the interface, were moderate schedule or cost 

overruns - just as predicted. The requirements set quality factors were about 81 and S5.7 

respectively (out o f 100). The schedule delays were about 90 days and 70 days (o f the 

estimated "no-day schedule) while the cost overruns were about S216.000 and S I35.000 

(o f the S I.5 million dollar budget).

These tests show that the simulator yields reasonable results for the extreme 

requirement quality and for a project that the researcher considers to be a reasonable 

effort by a prospective user. The results provide a basis for assessment o f the simulator.

4.8 Summary

This chapter presents the design and implementation details o f the front-end (the 

interaction layer) and the back-end (the model layer) o f the simulator. The flow o f 

interaction is presented in detail, as is the interaction between the interaction layer and 

the model. The methodology o f the design o f the simulator is also presented. In 

addition, the need for the simulator's validation is described. The next chapter presents 

the assessment o f the research in terms o f a case study.
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Chapter 5. Case Study 

Introduction

The objective o f this chapter is to provide background information regarding the 

design and execution o f the case study for the simulation and the hypothesis. Section 5.1 

presents the hypothesis. Section 5.2 describes the design of the assessment used in the 

pilot case study and the case study. Section 5.3 presents the procedure used to execute 

the pilot case study. Section 5.4 presents additional considerations taken into account 

during the design o f the pilot case study study. Section 5.5 presents the analysis of the 

pilot case study results. Section 5.6 presents the procedure used to execute the case 

study. Section 5.7 describes additional considerations taken into account for the case 

study. Section 5.S presents the analysis o f  the case study. Section 5.9 provides a 

summary o f analysis.

5. 1 Hypothesis Revisited 

In order to assess the impact o f the simulator in terms o f instructional 

effectiveness, the following hypothesis is asserted:

H 1. Undergraduate students using the simulator will increase their level o f
understanding, based on Bloom's Taxonomy, o f the Requirements Analysis and 
Specification activities utilized in a long-term project to a greater extent than with 
a traditional course without a simulator.

This hypothesis is intended to address the assertion that students who use the simulator 

will benefit in their increased ability to understand a variety of Requirements .Analysis 

and Specification tasks in a large project. As the simulator is a supplement to the course.
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rather than a substitute to the course, a group o f students utilized the simulator in 

conjunction with regular class lectures and the course project. In order to test the 

hypothesis. the group o f students was administered a pretest and a posttest. The 

assessments enabled data to be collected showing the students' ability to recognize and 

judge the value and need of Requirements Elicitation. Requirements .Analysis. 

Requirements Validation, and Requirement Management. The collected data was 

analyzed and is presented in Section 5.5.

5.2 Design o f the Assessment 

The pretest and posttest are the same test. The questions are multiple-choice in 

order to expedite grading and data analysis. The questions were developed in order to 

test whether the student understands the SW EBOK topic at a specific level in Bloom's 

taxonomy. The anticipated levels o f student understanding for the topics before and after 

the use o f the simulation are shown in Table S. These levels reflect the extent of 

understanding for each area that each student is expected to have before the pretest 

(without use o f the simulator) and after the posttest (after use o f the simulator). The 

mapping o f student understanding to the SW EBOK topics was discussed previously in 

Chapter 3.

Table 8

Simulation Topic Mapping to Bloom's Taxonomy

So f t w a r e  R e q u ir e m e n t s  a n a l y s is  A s s i m e d  L e v e l  T a r g e t  L e v e l

T o p ic s  f r o m  S W E B O K  o f  o f

L' N DERSTAN Dl NG L  NDE RSTANDING
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(BEFORE) (AFTER)

11. Requirements Elicitation
B. Elicitation Techniques

1. Interviews Application, only Application

with the instructor

3. Facilitated Meetings Comprehension Application
III. Requirements .Analysis

A. Requirements classification
1. Functional &  Nonfunctional Comprehension, for Comprehension

development of

Nonfunctional list
4. Prioritv Knowledge Comprehension
5. Scope Know ledge Comprehension
6. Yolatilitv N A Comprehension

V. Requirements Validation
A. The conduct o f requirements reviews

1. Group composition is appropriate Comprehension Application

(may include customer)

2. I ’se o f guiding documents like Comprehension. Analysis

checklists to guide review and to doc as docs used for

findings recording only

3. Review process is at specified 

checkpoints and redone as appropriate

Application, 

but done once

Analysis

VI. Requirements Management
A. Change management

1. Understanding the role o f Change Comprehension Application

Management throughout lifecycle
2. Have procedure in place Comprehension Application
3. Analyze proposed changes Comprehension Application

These anticipated levels o f understanding correspond to the assessment design. 

The individual assessment questions are traceable to the topics covered in the simulator.
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The full assessment is in Appendix F. and the assessment's traceabilitv matrix is 

presented in Appendix G. Nearly all o f  the assumed levels o f understanding and all o f 

the target lev els o f understanding (in Table S) correspond to the assessment questions. 

Some additional assessment was included. In order to assess the extent of student 

understanding o f the various topics, some questions were added, beyond the assumed and 

target level o f understanding, to assess understanding at the Knowledge and Application 

levels for most o f the Requirements Analysis classification types. Minor discrepancies 

exist betw een the table depicting the anticipated levels o f understanding (table 8) and the 

traceabilitv matrix in Appendix G due to the limited undertaking o f some topics in lecture 

or in the project. In order to compensate for the partial topic understanding, the 

assessment tests for understanding at one level below (as evident in the traceabilitv 

matrix). The areas o f discrepancy are shaded in Table S.

Before the full case study was conducted, the assessment was piloted with recent 

CSE 360 students. These three students provided feedback, including the quality o f 

writing on the instructions and content. The result o f all feedback resulted in the final 

version o f the assessment that was used to carry out the case study.

5.3 Pilot Case Study Procedure 

The simulation was tested w ith students enrolled in CSE 360. Introduction to 

Software Engineering, at Arizona State University. The experimental design was a One- 

Group Pretest-Posttest Design (Gall. Borg &  Gall. 1996). The experimental group 

participated in course lectures and used the simulator. As the intent for the study is to
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assess how effective the addition o f the simulator is to the course, this experimental 

design is appropriate (Gall. Borg &  Gall. 1996).

Students enrolled in the researcher's section during the Spring 2002 semester 

participated in the case study. In accordance with Human Subjects procedures, 

participation in the study was voluntary . The experimental group contained 17 students 

(14 o f whom completed the entire case study), and were identified with a codeword o f 

their choosing. The students did not receive feedback on their pretest performance. After 

the administration o f the pretest, the experimental group utilized the simulator ten days. 

Students were asked to use the simulator once using each Requirements Elicitation 

technique, allowing them to explore the entire simulator. Proof o f completion (besides 

the assessments) was the submission o f two reports generated by the simulator, one report 

for each elicitation technique type. In order to assess the effectiveness of the simulation, 

the participants were administered the pretest and posttest on the topics covered by the 

simulation. Since the simulator is intended as a supplement to the course, the case study 

w as conducted near the end of the course. The case study was conducted w ell after 

lecture (and project) was conducted on the topics portrayed in the simulator. Also, this 

timing w as chosen since the use of the simulator during the critical periods, the 

requirements and design phases, of the team project w ould have been overwhelming to 

the students.

Since the students volunteered to participate in the study, attrition was not 

considered to be a significant threat. Since the course is quite large, the 17 participants 

was acceptable to test this proof-of-concept and w ithstood the 3 students who withdrew
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from the case study. In addition a raffle o f  gift certificates, computer books and other 

small prizes was used to compensate students who participated.

Even with such compensation, the recruitment o f participants was difficult. 

Volunteers were required and anonymity was paramount, in order to comply with Human 

Subjects regulations. As such, no extra credit for participation was allowed. Such 

motivation may have encouraged more participation.

5.4 Additional Pilot Case Study Design Considerations

Since the students w ere from the same class, the possibility that students 

discussed the simulator was a real one. The content of the simulator was designed to 

pro\ ide several different versions in order to provide different experiences. As such, 

very few students viewed the same content in the simulator thus minimizing the 

possibility o f sharing information. In terms o f external validity participants cannot be 

fully generalized to the general population o f undergraduate students in an introductory 

Softw are Engineering course. Due to the fact that the participants w ere volunteers w hose 

diversity could not be controlled, the 14 participants serve more as a group testing the 

potential o f the simulator and hypothesis rather than an absolute answer. Further research 

with a larger, broader set of students is needed in order to generalize the results to all 

students.

In terms o f ecological validity, the experiment is repeatable. The experimental 

details and the assessment content is presented in enough detail so that it can be repeated 

in another instructional setting. Since the students are only exposed to the single type o f  

treatment (the simulator), multiple-treatment interference is not an issue in this case study
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(Gall. Borg &  Gall. 1996). Students in the experimental group received no additional 

instruction (other than that derived from the lecture and the text), thus addressing the 

Hawthorne Effect. Also, the use o f the codewords and any submission o f materiais was 

completely anonymous. As such, each student participated with complete confidence 

that his. her privacy w as in tact, w ithout any intentional or unintentional influence by the 

researcher. Unlike instances o f testing student attitudes, this experiment addressed 

Pretest sensitization due the testing concepts and their application. In order to address the 

interaction of the time o f the posttest and the treatment effects, the posttest w as 

administered w ithin four days follow ing the end o f the experiment.

The duration o f the experimental treatment w as brief. 10 days, thus History and 

Maturation factors w as not an issue in this study. A ll lecture and course work related to 

requirements engineering w as conducted before the case study. The pretest and posttests 

were the same, although the questions w ere in a different order. The intent for placing 

the questions in a different order was to decrease the possibility that questions were 

recognized. The students w ere instructed to answ er to the best of their ability, and to not 

guess answers to questions. . While the use of the same test can cause problems w ith 

internal validity, potential problems were minimized by resorting the questions and by 

the fact that the answ ers were not supplied to the students.

5.5 Pilot Case Study Analysis 

The results were analyzed from the 14 students w ho completed both the pretest 

and the posttest. Each main topic area (requirements elicitation, requirements analysis, 

requirements validation, and requirements management) is presented separately. Overall.
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students increased their knowledge in requirements engineering. In order to ascertain 

whether the amount o f  improvement is statistically significant for this small population, 

the Wilcoxon test was used. The VVilcoxon test is used to see whether the median in two 

populations differ in size, especially when the sample population is small and in an 

unknown distribution (Hollander. 1999). In this case study, the two samples, are the 

pretest and posttest score for each participant in the group. The key to this test is to work 

with the difference in the posttest score from the pretest score (where 1 means correct and 

0 means incorrect). I f  no change (no improvement) has occurred, then the median 

di(Terence betw een the pretest responses and the posttest responses for a group is 0. If  

change (improvement) has occurred, then the median difference is less than 0 between 

the pretest responses and the posttest responses for a group. The results have a 94.8° 0 

confidence level. The statistics were calculated using Vlinitab for Windows version 13.

The extents o f the gains van from topic to topic, as the subsequent sections w ill 

present. In the tables where results are summarized, the question numbers used are those 

from the Pretest in order to provide consistency.

5.5.1 Requirements Elicitation

The students improved their understanding o f both the facilitated meeting and 

interview techniques. Moderate gains in know ledge resided in the Comprehension level 

rather than at the Application level o f Bloom's Taxonomy, as presented in Table 9 and 

Table 10.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

83
Table 9

Summary of results for the facilitated meeting technique

Facilitated Number of Facilitated Number o f
Meeting - Students who Meeting - Students who

Assessment Comprehension .Answered Application Answered
Level °u Correctlv L e ve l0 o Correctlv

Correct ( = 1) Correct (=23)
Pretest 42.9 6 14.3
Posttest 67.3 9 21.4 >

The increases in the facilitated meeting technique was 24.4°0. with 3 more 

students answering the question correctly, and the increases in the interview meeting 

technique was 28.6° o. with 4 more students answering the question correctly. The 

increases in the facilitated meeting technique was 24.4°0. with 3 more students answering 

the question correctly, and the increases in the interview meeting technique was 28.6° o. 

with 4 more students answering the question correctly.

Table 10

Summary of results for interview technique

Interview - Number of Interview - Number o f
Comprehension Students who Application Students who

Assessment Level Average .Answered Level Average .Answered
° o Correct (?2) Correctlv 0o Correct ( = 12) Correctly

Pretest 57.1 8 21.4 3
Posttest 85.7 12 14.3 2

While the number of students who answered the Application level questions was 

consistently quite low. a possible reason is in the nature o f the questions. The 

Application-level questions required students to select four items to create the correct
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answer. With both questions, only 2 to 3 students selected all o f the correct portions of 

the answer. The number o f students who improved their scores by selecting more correct 

items in the posttest than in the pretest was significant. In the facilitated meeting 

question. 9 o f the 14 students improved the number o f correct items selected. O f  the 

remaining 5 students. 4 had no change in the number o f  correct answers and 1 showed a 

decrease in the number o f correct answers. In the interv iew question. 9 o f the 14 students 

improved the number o f correct items selected in their answers. O f the remaining 5 

students. 3 had no change in the number of correct answers and 2 showed a decrease in 

the number o f correct answers. Out o f all student responses in this topic area, a 50° o 

percent increase in correct answ ers exists betw een the pretest and posttest.

Further analysis was conducted in order to assess whether the improvement w as 

statistically significant. For the Facilitated Meeting technique, the results were mixed.

The improvement at the Comprehension level was not statistically significant (p = .176). 

but the improv ement at the Application level was statistically significant (p = .006). 

Similarly, the results for the Interview technique were mixed. At the Comprehension 

level, the results were not statistically significant (p = .05). but the improvement at the 

Application level was statistically significant (p = .015).

The improvement, especially at the Application level, can be attributed to the 

simulator. The detailed simulated process o f eliciting requirements allows students to 

participate in the lengthy process o f either the facilitated meeting or interview technique. 

Students are able to explore the ongoing process, including learning from failure to ask 

the right questions or to interact with the right people. Without the simulator, students
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rely on asking the instructor questions and reading the project description. The 

simulator has added value in this topic area.

5.5.2 Requirements Analysis

In the past, the researcher noticed that students had difficulty with basic 

understanding of nonfunctional requirements. As such, the questions regarding 

requirements analysis included understanding at the Knowledge level o f Bloom's 

Taxonomy, in addition to questions at the Comprehension and Application levels. While 

the intent is for students to increase their level o f understanding to the Comprehension 

level. Application le\ el questions were added in order to further gauge student 

understanding of the material. These Application level questions coincided w ith the 

interactive nature of the simulation, where students applied their know ledge o f the 

various types o f requirements analysis.

The students demonstrated greater understanding o f requirements analysis at all 

three levels tested, as shown in Table 11. The largest gains in knowledge resided in the 

Comprehension and Application level of Bloom's Taxonomy. The gains at the 

Knowledge level are more modest since an average o f 10 students answered these 

questions correctly during the pretest and an average o f 11.6 students answ ered the 

questions correctly during the posttest. In regard to the Know ledge question for 

nonfunctional requirements, only 8 students answ ered the question correctly during the 

pretest but 11 students selected the correct answer during the posttest. None o f the results 

are statistically significant, and the small margin for improvement was a factor (see Table 

1 2 ).
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Table 11

Summary of results for requirements analysis

Know ledce Averace Comprehension Average Application Average
Level Number o f Level A \erac e Number o f Level Averace Number o f

Assessment .Averace % Students ° o  Correct Students ° o  Correct Students
C orrect who (=13-161 who < = r - I9 ) who
i= 3 - ' I Answered Answered Answered

Correctlv Correctlv Correctlv

Pretest ~1.4 10 55.4 7.75 31 4.3
Posttest S2.9 11.6 '1 .4 10 47.6 6.7

At both the Comprehension and Application levels o f Bloom's Taxonomy, 

students improved their understanding of requirements analysis. More students answ ered 

more questions correctly in both levels o f understanding. In some topics. Scope and 

Priority, the number o f students w ho answ ered the Comprehension level questions 

correctly was nearly the same (between a U and 2 student difference). V olatility and 

Nonfunctional questions showed a 3-student increase in correct responses. The 

understanding o f Volatility and Scope w as also increased at the Application level, w ith 4 

more students and 3 more students (respectively) correctly answering the relevant 

questions on the posttest (from 4 students during the pretest for both topics).

Out of all student responses in this topic area, a 21.4°0 percent increase in correct 

answers exists between the pretest and posttest. O f the remaining students. 66.1°0 had no 

change in the number o f correct answ ers and 12.5% show ed a decrease in the number o f 

correct answers. The increase in the number o f students w ho understand the concept of 

Volatility is made possible by the potential for increase, since so few students understood 

Volatility beyond a basic level. This increase is not statistically significant (p = .086).
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but it is the closes o f all results to being statistically significant. In using the simulator, 

the students were able to see the dynamic nature o f project requirements and the changing 

needs o f the customer (even on the limited scale). During the course, requirements are 

rarely changed after the requirements phase is completed so that the students have a fair 

chance to complete the project by the end o f the semester.

Table 12

Summary of statistical significant results for requirements analysis

Assessment p-value (94,S"o Confidar.ce interval) Estimated M edian
know ledge Level (=3) .9” 0
knowledge Level (=4) .233 0
know ledge Level (= 5 1 186 0
know ledge Level (=6) 186 0
knowledue Level (=~) 1"6 0
Comprehension Levei ( = 13) 140 0
Comprehension Level ( = 14) .394 0
Comprehension Lev el ( = 15) 186 0
Comprehension Level ( = 161 1"6 0
Application Level < = 1~) 091 0
Application Lev el (= 181 .5"2 0
Application Level ( = 19) 086 _ X

The increase in the number of students who understand Scope at a higher level 

(Application) is due the fact that the simulator allows the student to explore the concept 

of scope and make mistakes. During the course, the instructor corrects student project 

documentation when requirements are added that are out of the project's scope. As a 

result, the student does not see the consequences o f developing requirements that are out- 

of-scope.

These two topics illustrate how the nature o f the large project simulator, allowing 

students to participate in a seemingly realistic project by interacting with a variety of
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people. offers more opportunities for learning. The large project enables students to 

work on a project where interaction and analysis is needed. The student has to put efTort 

into making the project successful.

5.5.3 Requirements I'ulidution

Although the objective was for students to improve their understanding from the 

Comprehension and Application levels (for different sub-topics) to the Analysis level o f 

Bloom's Taxonomy, all sub-topics were tested at the Comprehension. Application, and 

Analysis levels. Overall, the students had virtually no improvement in their 

understanding o f  requirements validation. The largest gains seemed to be at the 

Comprehension level with the virtually no improvement at the Application and Analysis 

levels o f Bloom’s Taxonomy. The summary o f the results are summarized in Table 12.

Table 13

Summary’ o f results for requirements validation

Assessment

Comprehension 
Level Questions 

Average °o 
Correct (=8. 9)

Average 
Number of 
Students 

who 
Answered 
Correctlv

Application 
Level 

Questions 
Average % 

Correct 
( = 10.20)

Average 
Number of 
Students 

who 
Answered 
Correctlv

Analysis 
Level 

Questions 
Average % 

Correct 
(*21.22)

Average 
Number of 

Students w ho 
Answered 
Correctly

Pretest 5 3 .6 7.5 39.3 5.5 14.3 2

Posttest 6 7 .9 9.5 46 .4 6.5 17.9 2.5

The number o f students who answered questions correctly was virtually 

unchanged, although an average o f 2 students answered the Comprehension level 

questions correctly. The number o f correct responses in the Comprehension, Application,
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and Analysis levels was unchanged, with the exception o f the Comprehension level 

question where 2 more students answered the question correctly.

Out o f all student responses in this topic area, a 25%  percent increase in correct 

answers exists between the pretest and posttest. The improvements are derived from the 

Comprehension level questions and the stakeholder-related question at the Application 

level. These improvements, most notably w ith the stakeholder-related questions at the 

Comprehension and Application level, can be attributed to the emphasis on selecting 

stakeholders in the simulated inspection process. The improvement at the Application 

was stistically significant (p = .023). while the improvement at the Comprehension level 

was not statistically significant (p = .265) as shown in Table 14.. In using the simulator, 

the students were able to participate in the inspection process and receive both immediate 

and delayed feedback from teammates and project stakeholders. During the course, the 

inspection process is conducted solely w ithin the team and within during the course o f  

one class meeting. Afterwards, the instructor advises the student on issues that are not 

caught during the inspection. The student relies on such feedback during the project -  

which is not realistic in industry. A gap still remains in the process whereby analysis is 

not possible, w ith only 3 students answering the analysis question correctly. In nearly all 

cases the results are not statistically significant, as many students' answ ers did not change 

at all (correct or incorrect).
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Summary of statistical significant results for requirements analysis

90

Assessment p-value (94,S°o Confidance interval) Estimated M edian
Comprehension Level (=S) .265 0
Comprehension Level (=9) 2 ’  ’ 0
Application Level ( = 10) .6"? 0
Application Level (=20) 025 = >

Analvsis L e \e l 1=21) 6"5 0
Analvsis Level (=22) .594 0

Issues do remain in the validation process. Although student improvement is 

noted at the Application level, more than half o f the students still do not understand 

requirement validation at the Application level o f  Bloom's Taxonomy. Since the 

objective was to achieve the Analysis level, work still remains. Such potential for 

improvement will be addressed in Chapter b.

5.5.4 Requirements Management

Several students improved their understanding o f requirements management. 

While gains are evident at both the Comprehension level and the Application level, the 

larger gains are at the Application level o f Bloom's Taxonomy. The summary o f the 

correct response results are summarized in Table 15.
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Table 15

Summary of results for requirements management.

Comprehension Averaue Application Average
Level Questions Number o f Level Questions Number of

Assessment Average % Students who Average 0 o Students who
Correct (-11 . 24) .Answered Correct (=25. 26) .Answered

Correctlv Correctlv
Pretest 42.9 6 25 3.5
Posttest 67.9 9.5 53.6 ~\5

At both the Comprehension and Application levels o f Bloom's Taxonomy, 

students improved their understanding of requirement management. More students 

answered more questions correctly in both levels o f understanding. At the 

Comprehension level. 9.5 students answered the questions correctly at the posttest while 

6 students answered the questions correct during the pretest. At the Application level. 4 

more students correctly answered the relevant questions on the posttest (from 3.5 students 

during the pretest for both topics).

The noted increase in the number o f students w ho understand requirement 

management at the Application level is made possible by the potential for increase, since 

so few students understood the topic beyond a basic level. In using the simulator, the 

students were able to participate in the change management process and receive feedback 

from teammates and the customer. During the course, no change management tasks are 

completed after project delivery. The student relies on course lecture and reading for this 

material. The simulator offers students the opportunity to truly understand the purpose 

and process of managing requirements. Out o f all student responses in this topic area, a 

28.6° o percent increase in correct answers exists betw een the pretest and posttest.
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In terms o f statistical significance, the results are mixed though promising. In 

terms of understanding the role o f requirements management (question =11). there results 

were not statistically significant at p= .233 with an estimated median o f  0. However in 

terms of understanding the evaluation (at the Comprehension level) and analyzing 

requirements changes (at the Application level). the improvements for these questions (24 

and 25. respectively) are statistically significant at p = .03 and p = 011. respectively, with 

an estimated mean o f -.5 in both instances. The results for understanding auditing in the 

requirements management activity (question =26) is not staticstically significant at p = .5 

with an estimated mean o f 0.

Issues do remain with the requirement management process. Although student 

improvement is noted, many students still do not understand requirement management at 

the Application level o f Bloom's Taxonomy. Potential for improvement exists and will 

be addressed in Chapter 6.

5.6 Case Study Procedure

In order to compare the impact o f the use o f the simulator to understanding, a 

different study w as undertaken. During the case study, one group o f students used the 

simulator w hile the other group did not use the simulator. The environment also differed. 

The simulation w as tested w ith students enrolled in the undergraduate Softw are 

Requirements and Specification course at the Rochester Institute o f Technology. The 

course was a required, upper-division course for students in the Software Engineering 

program. All of the students w ere enrolled in the Software Engineering program. The 

prerequisites for the course are the Introduction to Softw are Engineering course, the
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Design course, and the Formal Methods course. While the Introduction to Software 

Engineering course provides an overv iew o f Softw are Engineering, it does not have as 

much breadth and depth (in some areas) in the topics as the Introduction to Software 

Engineering course at Arizona State University contains. The subsequent courses at RIT. 

such as the Requirements course, provide opportunity to leam about the various Software 

Engineering topics. In addition. RIT follows a 10-week quarter system while ASU  

follows the semester system.

The experimental design consists of the Pretest-Posttest Control-Group Design 

(Gall. Borg &  Gall. 1996). The members o f both the control group and the experimental 

group w ere all enrolled in the Requirements and Specification course. The control group 

participated in the course lectures and assignments, but did not use the simulator. The 

experimental group participated in course lectures and assignments, while using the 

simulator. Both groups took the pretest and the posttest. The students w ere randomly 

assigned to either the control group or the experimental group. Since the student 

population is traditional in terms of age and is extremely male-dominated, no attempts 

w ere made to equalize the group assignments.

Students enrolled in the course during the Fall 2002 quarter participated in the 

study. The course w as taught by the author. The experimental group contained 12 

students (50°o o f enrollment), and the control group contains 12 students (50°o o f  

enrollment). The remaining 3 students did not volunteer for the study. The students were 

identified with a codew ord o f their choosing. The pretest was administered at the 

beginning of the course. The students did not receiv e feedback on their pretest 

performance. Upon receipt of the pretest, the students w ere asked not to guess the
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answers to the questions. Instead if  the student did not know the answ er. then he or 

she was instructed to select the "I do not know " response.

At the beginning o f the fourth w eek o f class, the experimental group utilized the 

simulation for ten days. Students were asked to use the simulator once using each 

Requirements Elicitation technique, allow ing them to explore the entire simulator. Proof 

o f completion (besides the assessments) were the submission o f two reports generated by 

the simulator, one report for each elicitation technique type. The posttest w as 

administered after the 10-day period allotted for student use of the simulator -  this w ill be 

at the beginning o f the sixth w eek of class. The experiment was conducted during the 

lecture on the topics portrayed in the simulator.

As with the pilot case study, the pretest and posttests were the same, although the 

questions were in a different order. In addition, the assessment was the same one used 

for the pilot case study. The primary data collected consisted o f the assessment 

responses.. Additional data collection included the extent o f industry experience, gender, 

and the extent o f English fluency (native. English as a second language non-native).

Due to the fact that the additional data presented a picture of a homogeneous group, the 

additional data w as not used to further analyze the assessments results. Specifically, out 

o f the 24 participants 2 students were w omen. 2 students were not native English 

speakers, and all o f them had at least 6 months o f industry experience (due to required 

co-op experience).
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5. ~ Additional Case Study Design Considerations 

Many o f the design considerations addressed for the case study were identical to 

the those addressed during the pilot case study. The content of the simulator still 

provided different experiences for the students. As such, few students viewed the same 

content in the simulator thus minimizing the possibility o f sharing information. In terms 

o f external validity participants cannot be fully generalized to the general population of 

undergraduate students in a Requirements and Specification course as the academic 

program's co-op requirement is not representative o f all universities. This industry 

experience may influence the results. Also, the participants were not diverse in 

demographics though they are representative o f students at RIT. Further research with a 

larger, broader set o f students is needed in order to generalize the results to all students.

Like the pilot case study, the experiment is repeatable. Thus, ecological validity 

is addressed. The experimental details and the assessment content is still presented in 

enough detail so that it can be repeated in another instructional setting. Multiple- 

treatment interference is still not an issue in this case study since the students are only 

exposed to the single type o f treatment (the simulator). (Gall. Borg &  Gall. 1996).

Students in either group received no additional instruction (other than that derived from 

the lecture and the text), thus addressing the Hawthorne Effect. Also, the use o f  the 

codewords and any submission of materials was completely anonymous. As such, each 

student participated with complete confidence that his/her privacy was in tact, without 

any intentional or unintentional influence by the researcher. The case study also 

addressed Pretest sensitization through the testing o f concepts and their application. In
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order to address the interaction o f the time o f the posttest and the treatment effects, the 

posttest w as again administered w ithin four days follow ing the end o f the experiment.

Like the pilot case study, the duration o f the experimental treatment was brief. 2 

weeks, thus History and Maturation factors was not an issue. All lecture and course work 

related to requirements engineering topics contained in the simulator was conducted 

before the case study.

5.8 Case Study Analysis 

The results were analyzed from the 24 students who completed both the pretest 

and the posttest. The questions with each main topic area (requirements elicitation, 

requirements analysis, requirements validation, and requirements management) is 

presented separately. The students from this case study scored much higher than the 

students from the pilot case study. This fact allowed for only small room for 

improvement in many cases. Despite this circumstance, students increased their 

know ledge in some areas of requirements engineering.

As with the pilot case study, the Wilcoxon test was used in order to ascertain 

w hether the amount o f improvement is statistically significant for this small population.

In this case study, the two samples, are the pretest and posttest score for each participant 

in the group. The key to this test is to work w ith the difference in the posttest score from 

the pretest score (where 1 means correct and 0 means incorrect). I f  no change (no 

improvement) has occurred, then the median difference between the pretest responses and 

the posttest responses for a group is 0. I f  change (improvement) has occurred, then the 

median difference is less than 0 between the pretest responses and the posttest responses
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for a group. The results have a 94.5% confidence level. The statistics were calculated 

using Minitab for Windows version 13.

The subsequent sections present the extent of the gains by topic. In the tables 

where results are summarized, the question numbers used are those from the Pretest in 

order to provide consistency.

3.3 I  Requirements Elicitation

Both the experimental group and the control group improved their understanding 

o f the elicitation techniques at the Comprehension level. The increase is nearly identical 

in the case o f the Facilitated Meeting (Table 16), although according to the Wilcoxon test 

the experimental groups increase is statistically significant (p < .05). The increase is 

identical in the case o f the Interview technique (Table 17). For both groups, the increase 

from 10 to 12 students having answered the question correctly is not statistically 

significant (p > .05).

Table 16

Summary o f results for the facilitated meeting question -1

Assessment

Facilitated 
Meeting -  

Comprehension 
Level ~ People 

Correct (#1) 
Pretest

Facilitated 
Meeting -  

Comprehension 
Level = People 

Correct (#1) 
Posttest

p-value
(94.5%

confidence
interval)

Estimated
Median

Experimental
Group

6 11 .03 -.5

Control Group 7 10 .091 0
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Table 17

Summon of results for interview question =2

Assessment

Interview -  
Comprehension 
Level = People 

Correct (=2) 
Pretest

Interview -  
Comprehension 
Level = People 

Correct (=2) 
Posttest

p-value 
(94.5%  

confidence 
interval)

Estimated
Median

Experimental
Group

10 12 .186 0

Control
Group

10 12 .186 0

As with the pilot case study, the number o f students who answered the 

Application level questions correctly was quite low for both groups (see Table IS and 

Table 19). The Application-level questions required students to select four items to 

create the correct answer.

The number of students w ho improved their scores by selecting more correct 

items in the posttest than in the pretest was not significant in the overall quantity. 

However in terms of the understanding o f the facilitated meeting technique at the 

application level, the control group had a larger increase in the number of correct 

responses. The amount o f increase is statistically significant for the control group, while 

the increase by the experimental group is not. The values recording the number of 

students who correctly answered the questions is misleading as the question required four 

items to be selected. Very few people in either group correctly identified all four items, 

but many participants in both groups increased the number o f items correctly identified.. 

In terms o f understanding o f the interview technique at the application level, the results 

were the opposite as the experimental group had a statistically significant amount o f
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improvement. The control group also had some improvement, though it was not 

statistically significant. The interview question at the application level was similar in 

format to the facilitated meeting question in that four items need to be selected in order to 

form a correct answer.

In terms o f an effect with the facilitated meeting technique (at the application 

level), the simulator did not make a difference. In terms o f an effect with the interview 

technique (at the application level), the simulator did make a difference. The difference 

in result between the two techniques, is worth noting although the difference in the 

number of students who answered the questions correctly is not very high.

How ever the control group did not perform any better than the experimental 

group. Since the class project gave all students the opportunity to elicit questions from 

stakeholders, the lack o f any significant is disappointing even in a general sense. More 

assessment may be needed in order to further pinpoint strengths and weaknesses in this 

area.

Table IS

Summary of results for the facilitated meeting question =23

Assessment

Facilitated 
Meeting -  

Application 
Level = People 
Correct (=23)

Facilitated 
Meeting -  

Application 
Level = People 
Correct (=23)

p-value 
(94.5%  

confidence 
interval)

Estimated
Median

Experimental
Group

2 4 .071 -.5

Control Group 1 2 .007 -1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

100
Table 19

Summary of results for interview question =12

Interview - Interview - p-value Estimated
Application Application (94.5% Median

Assessment Level = People Level = People confidence
Correct (=12) Correct (=12) interval)

Pretest Posttest
Experimental 1 4 .011 -.5
Group
Control Group 1 .071 -.5

5.5.2 Requirements Analysis

Both the experimental and control groups demonstrated an increase of 

understanding at the Knowledge and Comprehension levels, though the increases are not 

statistically significant (with minor exception). At both the Pretest and the Posttest, the 

scores were nearly identical for both groups (see Tables 20-28). In nearly all cases, 

except for Question 16. the pretest scores were very high and not much room for 

improvement existed.

In only two questions, was there improvement by a group. Question 4, dealing 

with scope at the Knowledge level, the experimental group improved their understanding 

while the control group did not (see Table 21). The simulator had some impact in this 

area, though slightly more than the control group’s improvement. . Question 16. 

addressing volatility at the Comprehension level, the control had statistically significant 

improvement over the experimental group (see Table 28). In both cases, the overall 

difference between the groups is 1 person. In this area, the simulator had no impact.
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Summon- o f results for requirements analysis question »3 - priority

101

Assessment

Knowledge Level 
= People Correct 

(=?) Pretest

Knowledge Level p-value 
-  People Correct (94.5°o  confidence 

(=3) Posttest interval)

Estimated
Median

Experimental
Group

11 12 .05 0

Control Group 11 12 .5 0

Table 21

Summary o f results for requirements analysis question *4  - scope

Knowledge Level Knowledge Level p-value Estimated
= People Correct = People Correct <94.5uo confidence Median

Assessment 1=4) Pretest (=4) Posttest interval)

Experimental 8 12 .05 -.5
Group
Control Group 8 11 .091 0

Table 22

Summary o f results for requirements analysis question =5 - volatility

Assessment

Knowledge Level 
= People Correct 

I =51 Pretest

Know ledge Level 
= People Correct 

(=51 Posttest

p-value 
(9 4 .5 “o confidence 

interval)

Estimated
Median

Experimental
Group

12 12 Not applicable.
since all 

responses were 
correct

Not applicable.
since all 

responses were 
correct

Control Group 9 12 .091 0
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Table 23

Summary of results for requirements analysis question =6 -  requirement type

Assessment

Know ledge Level 
= People Correct 

(=61 Pretest

Knowledge Level 
= People Correct 

(=6) Posrtest

p-value 
(94 5 °o confidence 

interval)

Estimated
Median

Experimental
Group

10 11 .5 0

Control Group 11 12 .5 0

Table 24

Summary of results for requirements analysis question =7 -  requirement type

Assessment

Know ledge Level 
= People Correct 

I =~) Pretest

Knowledge Level 
= People Correct 

( O  Posttest

p-value 
(94.5°o confidence 

interval)

Estimated
Median

Experimental
Group

9 12 .091 0

Control Group 10 12 .186 0

Table 25

Summary of results for requirements analy sis question = 13 -  requirement type

Assessment

Comprehension 
Level = People 

Correct 
1 = 13) Pretest

Comprehension 
Level = People 

Correct 
( = 13) Posrtest

p-value 
|94.5°o confidence 

interval)

Estimated
Median

Experimental
Group

11 12 .5 0

Control Group 9 11 .186 0
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Table 26

Summary of results for requirements analysis question =14 - scope

Assessment

Comprehension 
Level = People 

Correct 
( = 14) Pretest

Comprehension 
Level = People 

Correct 
( = 14) Posrtest

p-vaiue 
(94.5°o confidence 

interval)

Estimated
Median

Experimental
Group

S 10 .233 0

Control Group 9 10 .395 0

Table 2~

Summary of results for requirements analysis question = 15 - priority

Assessment

Comprehension 
Level = People 

Correct 
( = 15) Pretest

Comprehension 
Level = People 

Correct 
(=15) Posttest

p-value 
(94.5%  confidence 

interval)

Estimated
Median

Experimental
Group

9 11 .186 0

Control Group 9 1 1 .233 0

Table 2S

Summary of results for requirements analysis question = 16 - volatility

Assessment

Comprehension 
L e \e l = People 

Correct 
( = 16) Pretest

Comprehension 
Level = People 

C orrect 
( = 16) Posttest

p-value 
(94 5° o confidence 

interval)

Estimated
Median

Experimental
Group

6 9 .091 0

Control Group 6 10 .05 -.5

The positive impact of the simulator for the Application level is limited. In Table 

29. the experimental group's improvement is shown as being statistically significant 

while the control group had no improvement. In this area, and the other two questions at 

the Application level, both groups had an increase in the number o f correct responses

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

104
though the overall increase was not significant (see Table 30 and Table 31). The 

simulator only had an impact in the area o f Scope, as happened at the Know ledge level.

Table 29

Summary o f results for requirements analysis question =17 - scope

Assessment

Application Level 
= People Correct 

(= 1 “ ) Pretest

Application Level 
= People Correa 

(= 1 “ 1 Posttest

p-value  
(94.5°o  confidence 

interval)

Estimated
Median

Experimental
Group

Ji S .03 -.5

Control Group 4 6 .233 0

Table 30

Summary o f results for requirements analysis question = 1S - pnonty

Assessment

Application Level 
= People Correct 

( = 1SI Pretest

Application Lev el 
= People Correct 

I = 1S) Posttest
(94 :

p-value 
: ‘\> confidence 

interval)

Estimated
Median

Experimental
Group

4 .140 0

Control Group 8 s .572 0

Table 31

Summary o f results for requirements analysis question = 19 - volatility

Assessment

Application Level 
= People Correct 

( = 19) Pretest

Application Level 
= People Correct 

(=19) Posttest
<94.:

p-value  
;oo confidence 
interval)

Estimated
Median

Experimental
Group

8 11 .091 0

Control Group 8 10 .186 0

The common improvements made by both groups may be attributed to the course 

project rather than the simulator. During the course project, the students applied the
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concepts and techniques used in class on a quarter-long project that solely- 

concentrated on the requirements engineering process. As such, the students had hands- 

on experience that provided more opportunity than the students in the pilot case study- 

received.

5.5.5 Requirements Validation

In the area o f Requirements Validation, both groups o f students had statistically 

significant improvement at the Comprehension level (see Table 32 and Table 33) and the 

Application level (see Table 34 and Tabie 35). The experimental group did have a larger 

improvement than the control group at the Application level, as shown in Table 35. The 

simulator did not have an impact in this area. While the concepts addressed in these 

questions \\ ere represented in the simulator but not in the class project, though they were 

presented in lecture. The improvement is most likely attributed to the lecture, since it is 

the common element.

Table 32

Summary o f results for requirements validation question =8

Assessment

Comprehension 
Level Question = 

People Correct 
I =8) Pretest

Comprehension 
Level Question -  

People Correct 
l =8) Posttest

p-value 
(94 .5°u confidence 

in terval)

Estimated
Median

Experimental
Group

5 12 .011 -.5

Control Group 6 12 .018 -.5
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Table 33

Summary of results for requirements validation question =9

Assessment

Comprehension 
Level Question = 
People Correct 

(=9) Pretest

Comprehension 
Lev el Question = 

People Conect 
<=9i Posttest

p-value 
(94 .5%  confidence 

interval)

Estimated
M edian

Experimental
Group

1 1 .05 -.5

Control Group 5 10 .03 -.5

Table 34

Summary o f results for requirements validation question =10

Assessment

Application Level 
Question = People 

Correct ( = 10) 
Pretest

Application Level p-value 
Question = People (94 .5%  confidence 

Correcti = 10) interval) 
Posttest

Estimated
M edian

Experimental
Group

4 11 .011 -.5

Control Group ■» S .018 -.5

Table 35

Summary o f results for requirements validation question =20

Assessment

Application Lev el 
Question = People 

Correct I =20) 
Pretest

Application Level p-value 
Question = People (94 .5%  confidence 

Correet(=20) interval) 
Posrtest

Estimated
M edian

Experimental
Group

1 9 .005 -1

Control Group ■> .011 -.5

While both groups generally made the same progress at the Analysis level, as 

shown in Tables 36 and 37. The experimental group did make statistically significant 

progress in for question 21 (see Table 36). while the control group did not have such 

improvement (they had no change whatsoever). An anomaly existed in the pretest results
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for this question as the control group had a far greater number of students who 

answered the question correctly than existed in the experimental group. W hile an impact 

from the simulator may have occurred, more study is needed due to the anomaly.

Both groups had no overall improvement in their understanding for question 22 

(see Table 3"). It is worth noting that both groups had a very high number o f  students 

who answered the question correctly initially, so there was not much room for 

improvement.

Table 36

Summary of results for requirements validation question =21

Assessment

Analysis Level 
Question = People 

Correct (=21)  
Pretest

Analysis Level 
Question = People 

Correct (=21)  
Posttest

p-value
(94.5°o

confidence
interval)

Estimated
Median

Experimental
Group

■> s .018 -.5

Control Group 7 .572 0

Table 37

Summary of results for requirements validation question ~T>

Assessment

Analysis Level 
Question = People 

Correct (=22)  
Pretest

Analysis Level 
Question = People 

Correct (=22)  
Posnest

p-value 
(94.5° o 

confidence 
interval)

Estimated
Median

Experimental
Group

9 10 .395 0

Control Group 10 11 .395 0
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Both groups achieve the Analysis level, basically due to the fact that they 

already achieved it at the pretest. The difference betw een the pilot case study population 

and the case study population is staggering.. Further study is needed to rectify this in 

terms o f generalizing to the general population. Such potential w ill be addressed in 

Chapter 6.

5.5.-/ Requirements Management

The results from the pretest and posttest w ere interesting, not so much in the any 

significant improvement o f the students but rather in the lack of any need for 

improvement. The levels o f understanding, at the Comprehension and Application levels, 

w ere very high, as show n in Tables 38 to 41. Not much room for improvement remained 

for either group, and the calculated significance (or lack thereof) reflects that.

Table 38

Summary of results for requirements management question =11

Assessment

Comprehension 
Level Question 

= People 
Correct ( = 11) 

Pretest

Comprehension 
Level Question 

= People 
Correct ( = 11) 

Posttest

p-value 
(94.5°o 

confidence 
interval)

Estimated
Median

Experimental
Group

11 12 .5 0

Control Group 10 11 .395 0
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Table 39

Summary of results for requirements management question =24

Assessment

Comprehension 
Level Question 

= People 
Correct (=24) 

Pretest

Comprehension 
Level Question 

= People 
Correct (= 24) 

Posttest

p-value
(94.5%

confidence
interval)

Estimated
Median

Experimental
Group

11 12 .5 0

Control Group 11 11 .673 0

Table 40

Summary of results for requirements management question =25

Assessment

Application 
Lev el Question 

= People 
Correct (=25) 

Pretest

Application 
Level Question 

= People 
Correct (=25) 

Posttest

p-value
(94.5%

confidence
interval)

Estimated
Median

Experimental
Group

10 11 .395 0

Control Group 10 11 .395 0

Table 41

Summary of results for requirements management question =26

Assessment

Application 
Level Question 

= People 
Correct (=26) 

Pretest

Application 
Level Question 

= People 
Correct (=26) 

Posttest

p-value
(94.5%

confidence
interval)

Estimated
Median

Experimental
Group

11 11 Not applicable.
since all 

responses were 
correct

Not applicable, 
since all 

responses were 
correct

Control Group 8 11 .091 0
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The difference in the pilot case study population and the case study population 

is again evident. While the course project did include aspects o f change management, 

even this was not a factor in the results as the students started the course with a high level 

o f understanding. While the students are representative o f their university, they are not 

representative o f the general population o f students studying Softw are Engineering.

5.9 Summary

This chapter presents the design and execution o f the simulator assessment. The 

details o f the experimental method utilized, along with additional methodological 

considerations, are described for both a pilot case study and the experimental case study.

In addition, the results o f both case studies are presented. In the pilot case study, the 

students' overall understanding o f requirements engineenng increased in the level of 

Bloom's Taxonomy. The most notable areas o f improvement are in requirements 

elicitation and requirements management, as both areas had improvement that is 

statistically significant. Improvement in the experimental case study w as more illusive as 

the students started with such a high level o f understanding. Some areas o f improvement 

by the experimental group are Requirements .Analysis (Scope) and Requirements 

Elicitation (Facilitated Meeting). The next chapter presents the future work for this 

research, including those alluded to in the requirements validation (section 5.5.3) and 

requirements management sections (section 5.5.4).
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Chapter 6. Conclusions and Future Work

6.1 Conclusions

This research endeavor arose from the need to enhance the educational experience 

for undergraduate Software Engineering students in order to prepare them for industry. 

The research objective is to define and evaluate a model that provides undergraduate 

Software Engineering students with the knowledge and skills normally acquired while 

working on a large project. The development o f a model, based on System Dynamics 

Modeling, and a large project simulator has been tested for use in the undergraduate 

Software Engineenng classroom. In conjunction with the model, a hypothesis was tested 

whereby students who use the simulator can better understand the Requirements Analysis 

and Specification activities in a long-term project than students who did not use the 

simulator. The results o f this research has contributed to the field o f Software 

Engineering and Computer Science Education in the three ways outlined in Chapter 1.

First, the effectiveness o f the model and simulator (the hypothesis) was tested in 

the form o f the two case studies. The pilot study showed a general success o f the 

hypothesis, showing a potential for increased student learning of Requirements Analysis 

and Specification activities in a long-term project. This recognition was demonstrated by 

the increase in the level o f understanding in \arious requirements engineering topics 

using Bloom's Taxonomy as the measure o f understanding. Nearly all four areas directly 

addressed in the simulation show ed improvement. The areas of Requirements Elicitation 

and Requirement Management showed the most improvement in terms o f student 

movement up Bloom's Taxonomy. Improvement in these areas is statistically significant. 

Students also show ed improvement in their level o f understanding for Requirements
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.Analysis, though the improvement was betw een the Knowledge and Comprehension 

levels rather than the Comprehension and Application levels. Improvement in these areas 

was not statistically significant however

Success was not across all topics, as student understanding o f Requirement 

Validation was nearly unchanged resulting in no statistically significant improvement. 

Possible reasons for the lack o f success range from learning style differences to 

motivation. Students have different learning styles. As a result, the Requirement 

Validation portion o f the simulator did not address a w ide variety of learning styles. 

Students who may need auditor, reinforcement (or other perception-related issues 

affecting learning) or have emotional or sociological needs that affect learning that the 

simulator does not address. The anonymous student volunteers could not have their 

learning styles assessed by the researcher and the students themselves may not be 

sufficiently aware of their own learning styles to share the information in the form of a 

survey. Also, some students may simply not have put effort into all topics. While proof 

o f completion (in terms o f the reports) was requested, the amount o f time or effort 

allocated to the case study participation was not measured. The application and analysis 

o f concepts often requires the student to take notes and refer to them throughout an 

activity. I f  care was not taken to write or refer to notes, then the activity would be more 

difficult to accomplish. Students were not asked to submit their notes in order to simplify 

case study participation. Regardless, further analysis is needed in order to address the 

learning style issues -  see Section 6.2 for further details. Although student understanding 

did not increase at some o f the higher levels of Bloom's Taxonomy, increased 

understanding was measured at the lower levels o f  understanding for those topics. Thus
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w hile issues in learning styles (or otherwise) impacted higher-level learning more so 

than the low er levels o f understanding (e.g. Know ledge and Comprehension). As the 

pilot case study did not utilize control group, a second case study w as conducted in order 

to fully test the hypothesis with both an experimental group and a control group.

The additional case study revealed how two highly skilled populations compare, 

with one population utilizing the simulation and the other population not having utilized 

the simulation. Unlike the pilot case study, the areas where the simulator had an impact 

were few. Specifically the areas of impact consisted of Requirements Elicitation 

(Facilitated Meeting). Requirements Analysis (Scope), and Requirements Validation.

The simulation had an impact at the Application level of Requirements V alidation and 

the Application level o f Requirements .Analysis (Scope). Some potential for impact does 

exist. The control group did not improve in these areas. Generally, both the 

experimental group and the control group made some improvement in all topics. In some 

areas, such as Requirements Validation, the scores for the pretest started out so high that 

there was not much room for improvement. Such a high skill, though impressive, made 

data analysis and conclusions difficult to conduct. The simulator seems to be less useful 

for students who are advanced or enrolled in a Requirements Engineering course.

Second the Requirements phase o f a project w as modeled using System Dynamics 

Modeling. Such a model, though simple, enabled a different area o f  development to be 

modeled and provided a foundation for the simulator (as outlined in Chapter 4). The 

Abdel-Hamid model has been modified over the years (Rubin. Johnson &  Vourdon.

1994; Tvedt. 1996) but the model the additional revisions do not address the requirements 

phase. The primary modeling focus has concerned Project Management (Collofello.
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2000; Rus. Collofello &  Lakey. 199S). One o f the few undertakings in modeling the 

requirements engineenng phase. Joint Application Development (JAD) process model, 

models the impact of the social interaction with the project's quality and schedule 

(Christie &  Staley. 2000). The model generated in this research provides a overview of 

the activities involved in the general requirements engineering phase. Such a general 

model can serve as a foundation for further elaboration and specification, including the 

use of specific process models. Further work is discussed in Section 6.2.

Third, the project simulator itself is a unique product to be used in the classroom 

or in training environments. While an apparent by-product, as the simulator not an 

abstract theory or algorithm, it a unique research outcome that can be used in the 

classroom. Students increase their understanding, even if  at a basic level, o f 

Requirements Elicitation and Requirements Validation that are not covered adequately in 

the course. The role of Requirements Analysis is put into context for students, who only 

classify requirements in a limited fashion during the project and exams. In addition, 

students learn more about the need for and activities in Requirements Management since 

it is not conducted in the course. The details o f the simulator requirements and flow o f 

interaction are presented in detail in Chapters 3 and 4. The highly interactive simulation 

engages the students with the various activities involved in the requirements phase and 

the subsequent phases o f development in the context o f a large project. Students 

participate in the project, not by inputting v alues and reading graphs, but by making 

selections and responding to quantitativ e and qualitativ e feedback from dev elopers and 

stakeholders. Students are immersed in the project rather than participating on the 

sidelines.
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These contributions provide a foundation for the use o f simulation in the 

undergraduate. Software Engineering classroom. The potential exists for increased 

student understanding in an area o f Softw are Engineering that is often undervalued. The 

simulator, and the underlying model, are tools to assist in this endeavor. Instructors can 

utilize the simulator to supplement course lecture and the class project, and researchers 

can build upon the model to further requirements engineering research.

6.2 Future Work

With these contributions, further study into the use o f simulation in the 

undergraduate. Software Engineering classroom exists. The fourteen pilot case study 

participants enabled a successful study that tested the concept o f a simulation in the 

Introductory Software Engineenng classroom. The results were promising, and were 

worth further study. The additional case study, consisting o f 24 students, provided the 

opportunity to truly ascertain whether the simulation had an impact on understanding. 

However the population in the second case study scored w ell in both groups. Some areas 

had impact, though a small one. Still in order to generalize the results and expand the 

application o f the simulation to the greater population o f undergraduate Softw are 

Engineering students. To facilitate the ability to generalize the results to the general 

undergraduate student population enrolled in the Introductory Software Engineering 

course (or a Requirements Specification course), further study could be designed to 

include several course sections, including courses at among several universities. This 

time-consuming task, due to the coordination required, could not be undertaken in this 

current endeavor. How ever the researcher intends to do so as the next step in the
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research. Expanding the number o f courses addresses the overall issue of the 

difficulty in participant recruitment experienced in the pilot case study and the skill 

imbalance would be better distributed than was evident in the experimental case study 

population ( further described in Chapter 5).

A larger participant group would also enable different experimental approaches to 

be conducted that w ere beyond the scope o f this research. Given that the simulator 

increases student understanding, further research would allow comparison between the 

benefits o f simulation and other techniques (e.g. case studies). The identification and 

required validation o f a comparable technique required resources that detracted from the 

primary research contribution. The undertaking o f such an expanded study, the 

comparison o f the simulator with a (validated) case study, can be accomplished through 

the use o f a Pretest-Posttest Control-Group Design (Gall, Borg. &  Gall. 1996). the same 

technique used to conduct the main (experimental) case study outlined in Chapter 5. A 

large pool o f participants w ould be randomly divided into tw o groups to compare the 

impact o f the simulator and the case study. The control group w ould use the case study, 

and the experimental group would use the simulator. Such a study would require careful 

planning as extra instruction by the course or lab instructor in order to ensure that each 

group utilizes the relevant tool w ithout sharing the knowledge with the other group. The 

undertaking is beyond the scope o f this initial research, but it is an appropriate follow -up 

study.

In addition, a longitudinal study would enable researchers to examine the long­

term effects o f simulator use. By tracking both students who have and have not utilized 

the simulator, the meaningful feedback would provide researchers valuable insight as to
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the simulator's effectiveness on students' long-term habits. After all. the purpose o f 

introductory Softw are Engineering instruction is to prepare future Software Engineers for 

industry.

.Another focus o f revision is to enhance areas o f  the simulator w here topic 

understanding fell short o f the target learning levels. The Requirements Validation and 

area is a topic area that should be examined further. W hile the.stakeholder concept was 

better understood, achievement did not reach the higher levels o f understanding for many 

students. Careful attention to different learning style may address this issue. The 

inclusion o f electronic notetaking tools or of a real-time collaborate environment may 

address the different learning styles and motivation issues. In particular the Requirement 

Validation topic is complex enough that it could be its own simulator. The process o f 

validating requirements and the timing of validation are examples o f Requirements 

Validation topics that need to be modeled and simulated at a low er level o f granularity.

Both the model and the simulation can be expanded to include other topics. For 

example, the Observation elicitation technique can be added. To better address the 

nuances involved in observation, video clips can be included to provide a more 

meaningful interaction than the sole use of text that is sufficient for the Interview and 

Facilitated Meeting techniques. Also, other know ledge areas such as Design, Testing, 

and Project Management can be added to provide more breadth to the experience. In 

addition, the model itself can be enhanced to include behavior that more accurately 

reflects industry. Partnership w ith local industry' can help develop a more realistic 

representation. Such an overhaul would need to be skewed to reflect specific techniques 

or domains, such as extreme programming or telecommunications respectively. These
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revisions are well beyond the scope o f this research, but the attempt is well worth the 

effort.

In order to accomplish these goals, new tools need to be found that can support 

the interaction between the model and the interface. While the current interface tool 

(Director) supports multimedia, the data exchange technology (Microsoft's Dynamic 

Data Exchange) used to share the data between the interface (Interaction Layer) and the 

model is crude and obsolete.

The research contributed to the field o f Computer Science Education and 

Software Engineering through the development and instructional application of the model 

and simulator. Students can use the simulator to increase their level o f  understanding of 

the Requirements Engineering activities required in a long-term project. The simulator's 

utilization supplements the topics presented in lecture and applied in the course project. 

While the current version demonstrates the usefulness of the concept, the model's 

extension can allow it to grow in new directions. Further experimentation will reinforce 

the benefits o f using simulators as instructional tools in the Software Engineering 

curriculum.
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SW EBOK KNOW LEDGE .AREA MAPPINGS (Bourque &  Dupuis. 1999)
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APPENDIX B

SWEBOK TOPICS O R G ANIZED B Y  KNO W LEDGE A R E A . 
AND C LASSIFIED ACCORDING TO  B LO O M 'S  T A X O N O M Y
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Knowledge Area (K A ) SWEBOK  
Bloom Level

Course's Bloom Level

Software Configuration Management (S C M )

I. Management o f the SCM Process Knowledge Knowledge

A. Organizational Context for SCM Knowledge Knowledge

B. Constraints and Guidance for SCM Knowledge Know ledge

C. Planning for SCM Knowledge Know ledge

1. SCM Organization &. 

Responsibilities

Knowledge Know ledge

2. SCM Resources &. Schedules Comprehension Know ledge

3. Tool Selection &  Implementation Knowledge Knowledge

4. Vendor Subcontractor Control Knowledge NA

5. Interface Control Comprehension ? NA

D. SCM Plan Knowledge Know ledge

E. Surveillance of SCM Comprehension NA

1. SCM Metrics & Measurements Comprehension NA

2. In-Process Audits o f SCM Knowledge NA

II. Software Configuration Identification Comprehension Comprehension

A. Identifying items to be controlled Comprehension Comprehension

1. Software Configuration Comprehension Comprehension

2. Software Config. Item (SCI) Comprehension Comprehension

3. Software Config. Item 

relationships

Comprehension Comprehension
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Knowledge Area (K A ) SWEBOK  

Bloom Level
Course's Bloom Level

4. Software Versions Comprehension Comprehension

5. Baselines Comprehension Comprehension

6. Acquiring SCIs Knowledge ? Know ledge

B. SCM Library Comprehension Knowledge

III. Software Configuration Control Application Application

A. Requesting. Evaluating &  Approving Application Comprehension

Software

1. Software Configuration Control Application Comprehension

Board

2. Softw are Change Request Process Application Application

B. Implementing Softw are Changes Application Application

C. Deviations &  Waivers Comprehension NA

IV  SW Configuration Status Accounting Comprehension Knowledge

A. SW Configuration Status Information Comprehension Knowledge

B. SW Configuration Status Reporting Comprehension Knowledge

V. Softw are Configuration Auditing Know ledge Knowledge

A. Softw are Functional Config. Audit Knowledge ? Know ledge

B. Softw are Physical Config. Audit Knowledge ? Know ledge

C. In-process audits o f a softw are Knowledge ? Know ledge

baseline

V I. Software Release Management & Comprehension Comprehension
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Knowledge Area (KA ) SW EBOK  

Bloom Level
Course's Bloom Level

Delivery

A. Software Building Comprehension Comprehension

B. Softw are Release Management Comprehension Knowledge

Software Construction (Prior to the course

in reality)

I. Linguistic Construction Methods Not in ver. 0.6 Synthesis

A. Reduction in Complexity Not in ver. 0.6 Synthesis

B. Anticipation of Diversity Not in ver. 0.6 Synthesis

C. Structuring for Validation Not in ver. 0.6 Synthesis

D. Use o f External Standards Not in ver. 0.6 Synthesis

11. Mathematical Construction Methods Not in ver. 0.6 Analysis

A. Reduction in Complexity Not in ver. 0.6 Analysis

B. Anticipation o f Diversity Not in ver. 0.6 Analysis

C. Structuring for Validation Not in ver. 0.6 Analysis

D. Use o f External Standards Not in ver. 0.6 Analysis

III. Visual Construction Methods Not in ver. 0.6 Knowledge

A. Reduction in Complexity Not in ver. 0.6 Knowledge

B. Anticipation of Diversity Not in ver. 0.6 Knowledge

C. Structuring for Validation Not in ver. 0.6 Knowledge

D. Use o f External Standards Not in ver. 0.6 Knowledge

Software Design
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Knowledge Area (K A ) SW EBOK  
Bloom Level

Course’s Bloom Level

I. Software Design Basic Concepts

A. General Design Concepts Comprehension Comprehension

B. The Context o f Software Design Comprehension Comprehension

C. The Softw are Design Process .Analysis.

Evaluation

.Analysis. Evaluation

D. Basic Software Design Concepts .Analysis .Analysis

E. Key Issues in Softw are Design Comprehension.

Application

Comprehension. Application

11. Softw are Architecture

A. Architectural Structures & Application Comprehension

Viewpoints

B. Architectural Styles &. Patterns Analysis. Synthesis

( Macro-Arch.) Evaluation

C. Design Patterns (Micro-Arch.) .Analysis.

Evaluation

Knowledge

D. Design o f Families o f Programs & Application NA

Frameworks

II I.  Softw are Design Quality .Analysis &

Evaluation

A. Quality Attributes .Analysis Comprehension

B. Quality Analysis &  Evaluation Tools Application. Application

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

t

Knowledge Area (KA) SW EBOK  
Bloom Level

Course's Bloom Level

Analysis

C. Metrics Application.

.Analysis

Knowledge

IV. Software Design Notations

A. Structural Descnptions (static view) Application.

.Analysis

Application. Analysis

B. Behavioral Descnptions (dynamic Application. Application

view) .Analysis

V. Software Design Strategies & Methods

A. General Strategies Application Application

B. Function-oriented Design Application NA

C. Object-onented Design Analysis.

Evaluation

Application. .Analysis

D. Data-structure-centered Design Comprehension NA

E. Other Methods Comprehension.

Application

NA

VI. Software Design Tools

A. Mathematical Tools Application Knowledge

B. CASE Tools Application Knowledge

C. Tools for Metrics Application Knowledge

V II. Standards relevant to Software Design Comprehension Application
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Knowledge Area (K A ) SW EBOK  

Bloom Level
Course's Bloom Level

Softw are Engineering Infrastructure

I. Development Methods

A. Heuristic Methods

1. Structured Methods Application Application

2. Data-oriented Methods Application Application

3. Object-oriented Methods Application Application

4. Domain-specific Methods Knowledge Knowledge

B. Formal Methods

1. Specification Languages Comprehension N A

2. Refinement Knowledge NA

3. Verification Proving Properties Comprehension NA

C. Prototyping Methods

1. Styles Comprehension Know ledge

2. Prototyping targets C omprehension Knowledge

3. Evaluation Techniques Comprehension Know ledge

II. Software Tools

A. Development &  Maintenance Tools

1. Creation &  Editing Application Application

2. Translation Tools Application Know ledge

3. Analysis Tools Application Knowledge

4. Comprehension Tools Application Knowledge
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Knowledge Area (K A ) SWEBOK  

Bloom Level
Course's Bloom Level

5. Testing Tools Application Knowledge

6. Integrated CASE tools and SE Application Knowledge

Environments

' .  Reverse &  re-engineering Tools Comprehension Knowledge

B. Management Tools *=  not CASE

1. Project planning &  tracking tools Application Application *

2. Risk analysis &. management Knowledge NA

tools

3. Measurement tools Application Knowledge

4. Detect. Enhancement. Issue Application Application *

5. Configuration management tools Application Application *

C. Infrastructure Support tools

1. Interpersonal Communication Application Application

2. Information retrieval Application Knowledge

3. System administration &  support Application NA

tools

4. Tool integration techniques Knowledge NA

5. Meta-tools Comprehension NA

III. Component Integration

A. Component Definition

1. Interface specifications Knowledge Knowledge
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Knowledge Area (K A ) SWEBOK  

Bloom Level
Course's Bloom Level

2. Protocol specifications Knowledge Knowledge

3. Off-the-shelf components Application Knowledge

B. Reference Models

1. Open systems Comprehension Knowledge

2. Standard architectures Comprehension Knowledge

3. Frameworks Application NA

4. Patterns Application NA

C. Reuse

I . T>pes o f reuse Comprehension Comprehension

2. Re-engineering Comprehension NA

3. Reuse repositories Comprehension NA

4. Costbenefit analysis Comprehension NA

Software Engingineenng Management

I. Archival activities Application Application

11. Acquisition Decisions &  Management ‘7 NA

III. Collection o f Data .Analysis •Analysis

IV . Collection &  Negotiation of .Analysis Analysis

Requirements

V. Communication Synthesis

(Evaluation)

Synthesis

V I. Control Process Evaluation Evaluation
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Knowledge Area (KA ) SWEBOK  

Bloom Level
Course's Bloom Level

V II. Determine Deliverables NA

V III. Determining Closure Application NA

IX. Determining Satisfaction o f  

Requirements

.Analysis .Analysis

X. Determining the Goals o f Measurement Analysis Comprehension

XI. Feasibility Analysis Synthesis Synthesis

X II. Feedback Synthesis Synthesis

X III. Implementation of Plan Synthesis Synthesis

X IV . Implementing a metrics process O NA

XV. Iterative development O Knowledge

X VI. Maintenance 0 NA

X V II. Measuring software &  its 

development

o NA

X V III. Monitor process Analysis Comprehension

X IX . Personnel management Synthesis .Analysis

XX. Policy management Synthesis Comprehension

X X I. Portfolio management Analysis NA

X X II. Process for the revision o f  

requirements

.Analysis Analysis

X X III. Process planning 0 Application

XXIN'. Proposal construction O Synthesis
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Knowledge Area (KA) SW EBO K  

Bloom Level
Course's Bloom Level

X X V . Quality management Evaluation Application

X X V I. Resource allocation Application Application

X X Y II. Reviewing &  evaluating Synthesis Synthesis

performance

X X Y III.  Risk management Synthesis Application

X X IX . Schedule &  cost estimation Evaluation Application

X X X . Selection o f measurements Analysis Analysis

X X X I. Software metric models Analysis Comprehension

X X X II. System retirement n NA

X X X III .  Task &  responsibility allocation Analysis Application

Software Engineering Process

I. Basic Concepts &  Definitions

A. Themes Not in ver. 0.6 Comprehension

B. Terminology Not in ver. 0.6 Comprehension

II. Process Infrastructure Not in ver. 0.6 Comprehension

III. Process Measurement

A. Methodology in process Not in ver. 0.6 Comprehension

measurement

B. Process measurement paradigms Not in ver. 0.6 Comprehension

IY . Process Definition

A. Types o f Process Definitions Not in ver. 0.6 Comprehension
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Knowledge Area (KA) SW EBO K  

Bloom Level
Course’s Bloom Level

B. Life Cycle Models Not in ver. 0.6 Comprehension

C. Software Life Cycle Process Models Not in ver. 0.6 Comprehension

D. Notations for Process Definitions Not in ver. 0.6 N A

E. Process Definition Methods Not in ver. 0.6 N A

F. Automation Not in ver. 0.6 N A

V. Qualitative Process Analysis Not in ver. 0.6 Knowledge

VI. Process Implementation &  Change

A. Paradigms for process Not in ver. 0.6 Comprehension

implementation &  change

B. Guidelines for process Not in ver. 0.6 Comprehension

implementation & change

C. Evaluating the outcome o f process Not in ver. 0.6 Comprehension

implementation & change

Software Evolution &  Maintenance

I. Introduction to software evolution & Comprehension Comprehension

maintenance

A. Need for evolution &  maintenance Comprehension Comprehension

B. Categories of maintenance Comprehension N A

II. Evolution &  Maintenance activities Comprehension Knowledge

A. Unique Activities Comprehension Knowledge

B. Supporting activities Comprehension Knowledge
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Knowledge Area (K A ) SW EBO K  

Bloom Level
Course’s Bloom Level

1. Configuration Management Comprehension Knowledge

2. Quality Comprehension Knowledge

C. Evolution &  Maintenance planning Comprehension Knowledge

activity

III. Maintenance process Synthesis Comprehension

A. Standards Comprehension NA

B. Maintenance Process models Synthesis Comprehension

IV. Organization aspect o f maintenance Comprehension NA

A. the maintainer Comprehension NA

B. outsourcing Comprehension Knowledge

C. Organizational structure Comprehension NA

V. Problems of softw are maintenance Comprehension Knowledge

A. Technical Comprehension NA

1. Limited Understanding Comprehension NA

2. Testing Comprehension NA

3. Impact .Analysis Comprehension NA

4. Maintainability Comprehension Comprehension

B. Management Comprehension N A

1. Alignment with organization Comprehension N A

issues

2. Staffing Comprehension N A

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

141
Knowledge Area (KA ) SW EBOK  

Bloom Level
Course's Bloom Level

3. Process issues Synthesis NA

V I. Maintenance cost &  Maintenance cost Comprehension NA

estimation

A. Cost Comprehension NA

B. Cost Estimation Comprehension NA

C. Parametric models Comprehension NA

D. Experience Comprehension NA

V II. Maintenance Measurements Synthesis Comprehension

A. Establishing a Metrics program Comprehension Comprehension

B. Specific Measures Synthesis Comprehension

V III. Tools &  Techniques for maintenance Synthesis NA

A. Maintenance tools Synthesis Knowledge

B. Program Comprehension Synthesis Knowledge

C. Re-engmeering Synthesis NA

D. Reverse Engineering Synthesis NA

E. Impact .Analysis Synthesis NA

IX . Resources Comprehension NA

Software Quality Analysis

I. Definition o f Quality Programmer:

Synthesis;

S Q A Y V .

Comprehension
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Knowledge Area (KA) SW EBO K  

Bloom Level
Course's Bloom Level

Syn thesis;

Project Manager:

.Analysis

II. Definition o f SQA. V Y  process Programmer: 

App: SQA Y Y :  

Syn thesis; 

Project Manager: 

.Analysis

Application

III. Plans Programmer: 

App: S Q A A 'Y : 

Synthesis; 

Project Manager: 

.Analysis

Application

A. Activities &  techniques

1. Static - People intensive Programmer: 

Eval; S Q .A Y Y : 

Evaluation; 

Project Manager: 

.Analysis

.Analysis

2.. Static - Analysis Programmer: 

Eval; S Q A A ’Y:

Analysis
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Knowledge Area (KA ) SW EBO K  

Bloom Level
Course's Bloom Level

Evaluation;

Project Manager:

.Analysis

3.. Dynamic Programmer: 

Synth Eval; 

SQA Y Y : Eval; 

Project Manager: 

Analysis

.Analysis

IV. Measurement

A. Fundamentals Programmer: 

Application : 

SQA Y Y : Eval; 

Project Manager: 

Analysis

Application

B. Metrics Programmer: 

Application : 

SQA Y Y :  

Evaluation: 

Project Manager: 

.Analysis

Comprehension

C. Techniques Programmer: Comprehension
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Knowledge Area (KA) SW EBO K  

Bloom Level
Course's Bloom Level

Application :

SQA Y Y : Eval;

Project Manager;

Analysis

D. Defect Characterization Programmer; 

Application ; 

SQA Y Y : Eval: 

Project Manager: 

.Analysis

Comprehension. Application

E. Additional Concerns Programmer: 

Application ; 

SQA Y Y : Eval: 

Project Manager: 

Analysis

Comprehension

Software Requirements Analysis

1. Requirements Engineering Process

A. Process models Knowledge Knowledge

B. Process actors Knowledge Knowledge

C. Process support Knowledge Knowledge

D. Process quality and improvement Knowledge NA

II. Requirements Elicitation
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Know ledge Area (KA) SW EBOK  

Bloom Level
Course's Bloom Level

A. Requirements Sources Comprehension Comprehension

B. Elicitation Techniques Application Application, but limited

III. Requirements Analysis

A. Requirements classification C omprehension Comprehension, but limited

B. Conceptual modeling Comprehension Application

C. Architectural design &  requirements Analysis Application

allocation

D. Requirements negotiation Analysis NA

IV. Requirements Specification

A. The requirements definition Application Application

document

B. The softw are requirements Application Application

specification (SRS)

C. Document Structure Application Application

D. Document Quality .Analysis Analysis

A. Requirements Validation

A. The conduct of requirements review s Analysis Application, but limited

B. Prototyping Application

C. Model validation .Analysis Comprehension

D. Acceptance tests Application Application

V I. Requirements Management
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Knowledge Area (KA) SW EBOK  

Bloom Level
Course's Bloom Level

A. Change management Analysis Comprehension

B. Requirements activities Comprehension Comprehension

C. Requirements tracing Comprehension Comprehension

Software Testing

I. Testing Basic Concepts &  Definitions

A. Definitions of testing &  related .Analysis Comprehension

terminology

B. Faults v. Failures .Analysis Comprehension

C. Test selection criteria test adequacy Application Application

criteria (or stopping rules)

D. Testing effectiveness Objectives for Comprehension Comprehension

testing

E. Testing for defect removal Comprehension Comprehension

F. The oracle problem Comprehension ? N A

G. Theoretical & practical limitations o f Comprehension Comprehension

testing

H. The problem of infeasible paths Application Comprehension

I. Software testability Application Comprehension. Application

J. Relationships of testing to other Application Application

activities

II. Test Levels
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Knowledge Area (K A ) SW EBOK

Bloom Level
Course's Bloom Level

A. Unit Testing Synthesis Application

B. Integration Testing Synthesis Application

C. System Testing Synthesis Application

D. Acceptance qualification testing Synthesis Application

E. Installation testing Application Know ledge

F. Alpha & Beta testing Application Know ledge

G. Conformance testing functional Application

testing correctness testing

H. Reliability achievement &  evaluation Comprehension Comprehension

by testing

1. Regression testing Application Application

J. Performance testing Application Comprehension

K. Stress testing Application Application

L. Back-to-back testing Knowledge 1 N A

M. Recovery testing Comprehension N A

N. Configuration testing Comprehension Comprehension

0 . Usability testing Application NA or Comprehension

III. Test Techniques

A. Equivalence partitioning Application Application

B. Boundary-value analysis Application Application

C. Decision table Knowledge ? Know ledge or NA
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Knowledge Area (KA) SW EBO K  

Bloom Level
Course's Bloom Level

D. Finite-state machine-based Knowledge ? Know ledge or NA

E. Testing from formal specifications Knowledge N A

F. Reference models for code-based 

testing ( flow graph, call graph)

Evaluation Comprehension

G. Control flow-based criteria Evaluation Comprehension

H. Data flow-based criteria Comprehension Comprehension

1. Error guessing Application ? N A

J. Mutation testing Knowledge N A

K. Operational profile Comprehension N A

L. SRET Know ledge O

M. Object-oriented testing Comprehension Comprehension

\ .  Component-based testing Comprehension Comprehension

0 . G U I testing Know ledge Know ledge

P. Testing o f concurrent programs Know ledge N A

Q. Protocol conformance testing Know ledge N A

R. Testing o f distributed systems Application N A

S. Testing of real-time systems Comprehension N A

T. Testing o f scientific software Knowledge N A

U. Functional &  structural Synthesis Application

Y. Coverage & operational Saturation 

effect

Knowledge Knowledge
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Knowledge Area (K A ) SWEBOK  

Bloom Level
Course's Bloom Level

IV. Test-related measures

A. Program measurements to aid in Synthesis Comprehension

planning & designing testing

B. Types, classification &  statistics of Application Comprehension

faults

C. Remaining number o f defects fault Application Comprehension

density

D. Life test, reliability evaluation Comprehension NA

E. Reliability growth models Knowledge NA

F. Coverage thoroughness measures Evaluation Comprehension

G. Fault seeding Know ledge Know ledge

H. Mutation Knowledge NA

I. Companson &  relative effectiveness Comprehension Comprehension

o f different techniques

V. Managing the Test Process

A. Attributes Egoless programming Application Comprehension ?

B. Test process Synthesis Synthesis

C. Test documentation Synthesis Application

D. Internal v. independent test team Comprehension Comprehension

E. Cost effort estimation &  other Application Comprehension

process metrics
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Knowledge Area (K A ) SWEBOK  

Bloom Level
Course's Bloom Level

F. Test reuse Application Application

G. Test activities Application Application

VI. Test Tools

A. Selecting Tools Application NA

B. Use of Automated Tools Application NA

C. Surveys o f Existing Support Tools Application Knowledge
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The following descriptions are taken from SW EBOK (Abran &  Moore. 2001). The 
order and names o f the topics are identical to those used in SW EBOK.

Softw are Requirements 
Topic Definitions

Definition

II. Requirements Elicitation The first stage in understanding the problem that the 

software is intended to solve. Stakeholders are 

identified and relationships are established between 

the development team and the customer.

B. Elicitation Techniques The process o f gathering requirements from 

stakeholders by getting the stakeholders to 

communicate their requirements.

1. Interviews The traditional means of acquiring information 

through structured question and answer sessions, 

between the developer and stakeholder.

3. Facilitated Meetings A means o f gathering requirements by enabling a 

group o f people to bring insight to their requirements 

through brainstorming, discussion, and refinement. 

Careful facilitation is needed in order to keep the 

meetings productive.

III. Requirements .Analysis The process o f analyzing requirements to detect and 

resolve conflicts between requirements, discover the 

bounds o f the system (and how it interacts with its 

environment), and elaborate system requirements to

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

153
software requirements.

A. Requirements The classification o f requirements based on a variety

classification o f attributes.

1. Functional & The classification as to whether a requirement is

Nonfunctional functional or nonfunctional.

4. Priority The priority o f a requirement represents how essential 

the requirement is to meeting the system’s goals. 

Classification is often fixed on a fixed point scale. 

Balance is needed between priority and the cost o f  

development and implementation.

5. Scope Scope is the extent to which a requirement affects the 

system and system components. Some requirements 

affect more than one component.

6 . Volatility The stability of requirements during the lifecycle. 

Some estimate as to the likelihood that a requirement 

w ill change is useful in order to alert developers 

during design. The result can be a design that is more 

tolerant o f change.

V. Requirements Validation The process of inspecting the requirements document 

to make sure that it defines the system correctly.

A. The conduct of The inspection or formal review of the requirement

requirements reviews document! s). A group o f reviewers looks for errors.
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mistaken assumptions, lack o f clarity, and deviations 

from standard practice.

1. Group composition is The group participants, often including at least one

appropriate representative for the customer. Also, the group 

members often help in the creation o f the checklists.

2. I'se o f guiding Such documents are used to ensure that all needed

documents like perspectives and issues are addressed and their results

checklists to guide 

review and to 

document findings

recorded during inspection.

3. Review process is at Reviews are conducted at the completion o f the

specified checkpoints sy stem requirements definition document, the

and redone as software requirements specification document, the

appropriate baseline specification for a ne\% release, and at other 

needed checkpoints in the lifecycle.

V I. Requirements Management An activity that spans the entire lifecycle. This area 

is primarily concerned about change management and 

the maintenance o f the requirements so that they 

reflect the (soon-to-be) system.

A. Change management The process o f managing the revisions, addition, or 

deletions to the system.

1. Understanding the role The understanding o f  the need to manage change
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o f Change throughout the product lifecycle.

Management

throughout lifecycle

2. Have procedure in The activities, with strong links to configuration

place management, required to manage change in the

system.

3. Analyze proposed The analy sis required to accept, deny, or defer change

changes submissions. Multiple considerations are required

such as the affect o f the change on the resources and

the existing requirements o f the system.
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Figure D3. Requirement Validation and Implementation Phase o f the Model
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Figure D4. Overrun Calculation Segment o f the Model
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Table D1

Model Definitions

Model Item Item Type Definition

Facilitated Meeting

Percent o f unelicited req FM Store Percent o f Requirements that have not been 

elicited yet. (starts at 100)

SIM FM  Switch Converter Represents the use o f the facilitated 

meeting technique ( l=true. 0-false)

Effectiveness of Facilitators 

Factor

Converter A factor (0-100) that represents the quality 

o f the facilitator in terms o f his her 

effectiveness during meetings. 

Effectiveness is in terms o f asking 

questions that related to the topics on the 

agenda and in documenting the responses. 

The default w ill be 100

Stakeholder buyin Converter A factor (0-100) that represents the extent 

that the stakeholders agree w ith the project 

and its goals. The default w ill be 100 - that 

they totally agree with the project and its 

goals.

SIM  Representation o f 

Stakeholders

Converter The factor (0 - 100) that the correct 

stakeholders were invited to the meetings.
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This is based on the selection made in the 

simulator (~ o f appropriate stakeholders 

selected total stakeholders invited)

S IM  Number o f FM  

Sessions Multiplier

Converter Number o f facilitated meeting sessions 

actually conducted, as determined by the 

simulator

Time Delta Cost Cherrun 

FM

Converter The cost overrun incurred for the difference 

between the planned number o f meetings 

and the number actually needed. The 

overrun is the product o f  the difference.

Actual FM Time Delta Converter Converting the number o f  any additional 

facilitated meetings (than those planned 

for) to calendar days by multiplying the 

number o f meetings by 5 (days), due to a 5 

days per workweek. I f  the number of 

sessions is less than or equal to the number 

planned for. then there is no time penalty.

Planned FM Sessions Converter The number o f meeting sessions that were 

planned for.

Percent o f Raw Req from 

FM

Store The set. based on percentage, o f elicited 

requirements from the facilitated meeting 

technique
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Interviews

Percent o f unelicited req 

IN T

Store Percent o f Requirements that have not been 

elicited yet. (starts at 100)

SLM IN T  Switch Converter Represents the use o f the interview 

technique (1 =true. 0=false)

Effectiveness o f RE factor Converter A  factor (0-100) representing how effective 

the RE is in conducting the interview - this 

is in terms of getting through the question 

set and documenting the responses. The 

default is 100.

Buyin o f Stakeholder factor Converter A factor (0-100) representing the buyin of 

the stakeholder in the project and its goals. 

The default is 100 - complete buyin

SIM  IN T Quality o f  

Questions Factor

Convener An overall factor (0-100) that represents 

the overall quality o f questions in the 

interview s. This factor is generated by (= 

appropriate questions total questions 

asked). Appropriate questions are seen as 

clear and complete questions that are 

appropriate to ask the interview ee.

Actual Inter\iew Time Delta Convener Converting the number o f any additional 

interviews (than those planned for) to
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calendar days by multiplying the number o f 

meetings by 5 (days), due to a 5 days per 

workweek. If  the number o f sessions is 

less than or equal to the number planned 

for. then there is no time penalty.

Time Delta Cost Overrun Converter The cost overrun incurred for the difference

IN T between the planned number o f interviews

and the number actually needed. The

ov errun is the product o f the difference.

Planned Interview Sessions Converter The number of interv iews that were

planned for.

Requirements Analysis

SIM  Req Scope Efficiency Converter Factor (0-1 (JO) of the user's ability to

Factor correctly identify the scope o f a set of

requirements.

SIM  Func Nonfunc Analysis Converter Factor (0-100) of the user’s ability to

Efficiency Factor correctly identify whether a set o f functions

are o f the type functional or nonfunctional.

SLM Req Prioritization Converter Factor (0-100) representing the

Efficiency Factor effectiv eness of the user in correctly

identifying the priority o f the requirements.

SIM Req Volatility Converter Factor (0-100) representing the
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Efficiency Factor effectiveness of the user in correctly 

identifying the volatility o f the 

requirements.

Analyze FM Raw 

Requirements

Rate The rate that requirements are correctly 

analyzed, per session (meeting) -  a 

percentage.

.Analysis Result Time Usage 

FM

Converter This shows how the analy sis selections 

affect the overall schedule (in days) in the 

time needed to complete the task. Based 

on assigning a preset o\errun value to the 

Analyze F M  Raw Requirements value.

Analysis Result Cost 

Overrun FM

Converter The cost overrun incurred correlates to the 

schedule overrun for the analysis activity .

Analyze Result Time Usage 

IN T

Converter This shows how the overall analy sis affects 

the o\erall schedule in days. I f  done w ell, 

the task will have no delay. I f  not done 

well, then there w ill be some delay 

depending on how "bad" the analysis w as 

done. Based on assigning a preset overrun 

value to the Analyze 1ST Raw 

Requirements value.

.Analyze Result Cost Converter The cost overrun incurred correlates to the
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Overrun IN T schedule overrun for the analysis activity.

Analyze INT Raw Rate The rate that requirements are correctly

Requirements analy zed, per session (meeting) -  a 

percentage.

Set of .Analyzed Store The set o f requirements that has been

Requirements analyzed.

Requirements Validation

Validate Req Rate The rate o f inspecting the requirements is 

based on the percent validated correctly per 

inspection session

SIM Percent Assessed Converter The percent of correctly inspected (by

Correctly VAL classification) requirements for the ongoing 

inspections (an ongoing average).

Actual Validation Result Converter Based on how well the validation was

Time Usage V A L done, an overrun w ill result. I f  the 

validation was well done, then there is no 

overrun incurred in the overall schedule.

I f  the validation w as not done w ell, then 

there will be an overrun (depending on how 

bad the validation was) to the overall 

schedule - in days.

Actual Cost V A L Converter The actual cost for the requirement
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validation activity, including overruns.

Set o f Validated Req Store The set o f requirements that have been 

validated

Implementation

Implemented Req Rate The rate o f implementing the requirements 

per day. This rate is assigned from a preset 

value selection, based on the difference of 

the overall quality of the requirements and 

any additional work that results from 

volatile requirements.

Add'I Work Store Work that is new work due to requirements 

changes (as a result o f volatility).

New reqts rate Rate New requirements rate is formulated as a 

percentage o f new requirements w ork that 

arises. I f  the volatility Hag is o ff (0). then 

no new work is present.

Requirements volatility Hag Converter A switch representing if  there are volatile 

requirements that exist. (0 = requirements 

volatility effects are off. 1 = requirements 

volatility effects are on)

S IM  percent of new reqts Converter Percent o f new requirements w ork, as

work determined by the simulator.
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Overall Quality o f Converter Factor (0-100) representing the quality o f

Requirements factor the overall requirements, based on the 

quality o f requirements from previous 

activities.

Set of Deli\ered Code Store The set o f code, the developed 

requirements, that has been delivered as the 

"finished” product.

Calculations of Cost and

Schedule 0 \  erruns

Calculate Anticipated Cost Converter The ongoing cost overrun calculation

Overrun subtracting all ongoing overruns from the 

planned budget.

Estimated Budget Converter The planned budget for the project, in 

dollars.

Calculate Anticipated Converter The ongoing schedule overrun calculation

Schedule Delays subtracting all ongoing overruns from the 

planned schedule.

Estimated Overall Project Converter The planned schedule for the project, in

Schedule Duration in Days days.
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Project Description
T :i* 'Jawa-sny Tcurse R e g r.^ :cn  Synsn (Wet-based)

C varr.gw

T r*  purpose o f :he project :* to p ruvx* a ccansmnt couse errollmea: system for til State
The system w ill be accessed via tha Wodd Wide V«fc Besides cotsse etuciirnent, student 

car. a^c caeca their scaeduie aad grades In ad±aoa» •dsurustatrv* features are achxied to psovtJe system 
data

5‘ --karats from diverse bacigrouads attest couses at the Caufbnue Stare 'Ja rves^y 'CSU' System, a 
system o f  p ifc jc  uMv^sitms tr jo u p o u t Tahfonua The C S’J  system consists o f  23 campuses. I7G.3X 
students. 4C.30C faculty and s ta ff Most umvesxtss are cs the semester cajeadar. but some campuses am 
oc tae quarter system Summer  school s  M d rb k  at au campuses

/  _ \  
Conntue 1

Figure E l. Project Description

Gathering Requirements: Facilitated Meeting

Select up to 2 stakeholders to participate in the meeting.

2  Studm: Rscresestauvi

2  Class 3chedule Office A inm ^trator 
frcm CSU Nonhndge 

2  Registrar s O ffice Representative from 
San Diego State UnivHsity 

2  Information Technology represmtativt 
from Cal Foiy SL3 

2  Usability consultant specahang m Disabled £
Intsnauonal Interlaces 

2  CSU Regmts Office Representative

2  CSU Financial Aid Office Representative front 
San Jose State

f Ccannae ]

Figure E2. Facilitated Meeting: Selecting the Stakeholder
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Gathering Requirements: Facilitated Meeting

The following is the outcome of the meeting along with the ongoing status of 
die project.

Q u «uo m  Answered ( S )  ^
.'’•trail

Project Overruns 
—r-.-  . .. Schedule (Davs) Con {$)

. : r . : m ' r  \ " I
i__________i

-’iij:ure E3. Facilitated Meeting Status Screen

Gathering Requirements: Interview
Interviews consist o f a ser.es c f quesuon-and-answer sessions Sever, sessions have been 
scheduled, w ith each session consisting of the interview of one stakeholder This interview wiE 
cover the following topics

Security and Privacy

interlace w ith Ftnancal Aid System

Select die most appropriate stakeholder to be interviewed.

C  Studsit Representative 0  Usability consultant specaicag m Oisahled 4
international Interfeces

0  Class Schedule Ofhce Administrator Q  CSU Regents C fhee Representative
from CSU Northndge

Q  R.egtstrars O ffice Representative from Q  CSU Financial Aid Office Representative from
San Diego State University San .Use State

£  Information Technology representative 
to s t Cal Fclv 3LC

Continue

Figure E4. Interview: Selecting the Stakeholder
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Gathering Requirements: Interview
Tivec each topic to be addressed m the interview. select h r  5 best samples o f clear and 
complete questions that ycu would include c  die set of interview questions

Topic: Secumy and Pnvacy

A  W h c p n v w y in c a u o B i v p o lx m  d u n ld h t  bcxk sco tfc* m m ’

'S b *  n c a r t *  ■ «mikfek t » a & 4 s t t a f n  h a t te  p « « M v d *

"*■* •- — ni - r r f i 'T iw iT T n i  n rirt m n  w f n  p m —n~l x  v  i Ig r frm  fcfy*

[ j ]  5fc*r w U ltoe  4 * *  b» wcizwd1

W h k  p rw v y  actfxsM  a w i ‘x t x n  p ^ t  « b « i cc sm ki «*# f i»  bi & M e a c ’

V Ho*r rX'iit sxcfet wshte Fteual Axicyimb* «*os»d’

' W i l l  tfar n a i^a . iMAtmtdxo  b» « o y p u d *

7  Do ja w  w «  t r  dc 4H < y t tA  K ta s u c s m a im ju y  ’

' Wh*» wu:ti» midet't d««be iKtnd edmeaaoed*

V WlK p«x<ru* cst b» v*wd * by • cmdEt *tt» ijmaa*

Continue

Figure E5. Selecting Interview Questions

Gathenng Requirements: Interview
Below is a sampling : f  the outcome of the interview Read through each question and the 
stakeholder s answa- The responses w it repressu how knowledgeable the stakeholder is c  
•he topic areas you selected

Topic: Trade Display and Input Process (into the systnn,

Q .  It x poicAtk is iuw i  const wtfamz ■ ffvfc iccj^adu & c tte  m d tfth* ta&*

Y«, r. wC hM ct'? mmI ̂  i Akc rfte itfsucur fe«s not gri th* fid** d d m  & wiflbt
oiĉ >

Interview Number Project Overruns
Schedule (Days) Cost (J )

Continue

Figure E6 . Final Interview Status Screen for a Topic
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Requirements Analysis: Scope
Identify w h s is- ach s f i t  following requirements arc wittsn i t  scope o f ie  system The 
accuracy of i t  results w ill he used as input to ie  sgnUatijn

W ith in Not W ith in
Scope Scope

Tfcf c y u fe  w z  2m O D te tto  w  M m d t d f i t e r  S te a t  S . a M . x n l t a f l t  
amrn  ® d n * ja t

® 0

w il l  S* tfck u  « r « i  t h t r  le ^p d  n e  2m r m m 0 ®

Tim c y n x c  w z  re t  t i& w  r r t t i  w *h  t  fetid  m  t e r  » c s t  ry r ^ n . r v
o ®

P tte & c m t T it  « y « A  w il l te w  « * jm  kf< 2 m  « tq a il a  2 t r  ««ch 
n d a n d te  caws* *rirtrix> x m 0« t . n 9 M  Tim c y v tn  ■ v a a B t e t t e t e  m r i t  0 * i  

h a t» 56K  a o d B t c a m e a je tx  0 » < c

®
s

T>» cy« 0  w j ;  L j? «  ts  . m x t x c i  d**cUy w*fe t e  F t e x l  A id  G£c*

'A t e  % c u te r  xep< t  com * wrfe » k b . t e  ( y u &  w iU w m  t e  to t e  M i t e  kcss* 
m o io i  t e t  t e y  iac x  t e  kb w il l t»  Aopptd  I  t e y  do loc **■ w s te x  t e  
M t e  k « x *  t e  <ynx& w i£  te p  t e r  kb

®

t e  & u te «  t e  » n i t e r *  i f ik  fer p t e i x n  r  t e  r tx ra c  t is n . ®
2m t y w a  run L it**  th t <3*4et \o k i« is  2m < y « m  n  t a n  x -k * *  the 2 *c  *  /  >.
.•>uw »i »i th* IIS « *Jw n  r t e  s rt& cud  tar M t t e  t e n  r.tarjeV >

Figure ET. Requirements Analysis: Classification Based on Scope

Requirements Validation
You w tl r.cw participate a  part o f a requirements inspection m ie  role o f a Requirements 
Eagneer Your selections w ill contnbute to ie  overall inspection ra ie r ia n  constitute ie  enure 
inspection m itself

The current inspection emphasis Student Registration Questions 

The current stsptcticn team consists of

* 1 o ie r representatives ffem your Requrtmenls Engnemng P ’oup.
* 2 represmoauvts from ie  Design group
* ie  Registrar s Office representauve stakrhcldg
* You

Sdect a niakehclde to include on ie  inspection team if  you wish You may elect to not invite a 
stakeholder if  you fed that it is net needed

3  Information Technology representauve Q Usability consultant specateng m Disabled 4. 
from Cal ?cly SLC Intemauona! interlaces

®  Student Representative O  Nc o ie r stakeholder is needed

[  Continue ~j

Figure E8 . Initial Validation Screen

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

Requirements Validation
"Jsng th : provided checklist, review each c f ie  fo lcw ng  reqtarer.ais ts assess whethc c is 
acceptable .as is;, seeds revision tc correct art e rcr. or it is out c f year derate Your 
canmbutcr. ts ncluded a  the overal inspection. alccg w ith die ethers a  the aspecdcn ta c t

Accept R*vJ»ca C*n  t R ev*w  It 
Seeded (Cut o f  DosaaJ

~m i in  T r i i lr  ‘m m  wr  ~ 11> T  teTte n ^
iTw  M  1D0W k:m < * j  A i  < y C A t z t a «  * ^ b s  'J t iH i 4 v  tac  ■ . 'tuu w d  t i 4 »  SIS

Th# ty ttA  wC h«id> bks» 4 a  JOC c j i x m  fflfcteffi c Mth :egxis 3  £ )

*>> «t» tfatec te »wutk-imz cotn*. th» <yvn rt̂ xtt 4» autet is
:«3ab«rf:siz»:h£r«<st»«ncbM u  n p t c  I t

“" i f  r | T f  ■ ~r~ ~i 7 f i f t i ' i  t r  n r~ tr  w t r r i i i  m r te n  Y t t e r  i r | ~ n c r r m n  ^  ^
Thg tsxsvtxy mcA m  4 »  (CstetJ

Th« fy t iA w C  Lis** s o tiz ti tc tci*M -scdrht e d  rftbeteOMfc d « t* i  3  ®

Th* fy«A  «C K :x B 0d<t cost** w*h , wnteJr-3»te casus. art catfsac casus ®  O  O

Th* {VRflftwU: Liow«ud«ti tfi r t c m  t e a s *  that o e : t t  c i t a iv t tm h a r s ic t e  io( sea ,̂ -s ^
th# ( v r a  7h*y w C  aw e u  n f t c  c  tin  a a n  p« 0  te  nth. im m  ^  ^

Figure E9. Inspecting Requirements

Requirements Validation
3d c  w  ._• th? reedback it orr. th? c th e  trcp e ttu r; a  the gr . cp The-, c t  m p u r . i r . c  to y oier 
aopeciicr. as ■*■£ as the sveraD s n h ty  : f  the re q u ro r.^ .ts  ta s e l :: 'b a r staerase

bfnweaam h a n w  b^aiitBuM r«cia»«ri»| |ln ̂
ix tc : ilea too  siany itcoorcicr.is :iu: arm .-r."ai_c *iLh*: Lai qgh 

•r» «i* s h i t  shsir sr. join? r f r h e  d r t u b  o u t } *  i*pjti»ncr. process W *  P r o je c t  O verruns
send there c .tr  to the Desip-. g tc z f  Ic ®crx in  S c ta ta k  (D ays) CtW t ($ )

b n w e i n t i  i  h a  the Design t m '9 :
H rv. w* fc tru i hs: seveiel Dt'these requsernerOsaie foe M eybeyc.; 
j r -T 'J c  rev*** your rutes There t i t  x t z y  ifT e re a : pcssedibes r e g v e ^  
types c: classes, students, and ^ u r s  the: die s>T.e^ x - tf t  adorns 

K r p m r ' t  O f ire  v rp m e ita ite :
'.f\"ZL arent s-r *  aoct:! the sr-swers tc these tcpis, yee shcuid iet ethers 
■i~ih the expertise :heck Dve: same z: these requjestr^s

Figure E10. Feedback from an Inspection
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Development and Testing
re-ow is a Jarr-pfcng cf feedbs:!; i n  vcur tear-mates s: i r /  rr-rress through the iestgr., 
irjlar.c.U iacr^ aai :estr.g ?basts After -es-fa-g each sr. cf fieedbacic. yes. need to select ±e  
?CNTlNTTt tuhoc tc ccntr.ue

i: is h fficu tt testr-g revasl : f  the ncnfjc:hcr«al
rettsremcil: cmcr they were rot spes.Eti cuanhfia'tly fttlject OvciTUBS

Schedule (D ays) Cost ( I )

ceveral d: the requxexerus were s:ec:het: s: vaguely that we 
are r.o l: o r e w e  are testx.g them rr:p ~ t.'

.on txue

Figure E l l .  Sample Developer Feedback During Product Development

Maintenance

Below is  a snapshot of the system in use. Take a moment to examine how 
your strategy during development manifested itself as a product.

C ustom er Feetktark: P ro ject O verruns

The system w ill te  usable for the la a  besg w ith Schedule (D ays) Cost (J)
major workarounds We w ill seed to meet srah you m 2; t : : j ;
’ie  nec couple o f weeics c  crier to get cnucal 
reqtarerr.siis fixed nght away

Continue

Figure E l2. Customer Feedback after Deliver.
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Maintenance: Change Submission
You are a m m her o f ie  Change Costal Board, represectng your '.ears o f Requsrecienis Engness 
The fclc'Aosg requirements changes have been suhsaued Analyse ie  submission, based on ie  
supplied heunsucs/checichsi Thai select ie  pnartry that each change should be applied

T ie  R spstsr's office sciweatattves dc x tt Idle tie  layout o f  l ie  Help le c t ir .  They thutk tie ! u 

seeds to be cosiest-sessdtve c c s h c u ic  lock " r ic e f  You have act betid t r y  n t rp ia ir r t  f io n  the 

sluder.: tocos gxup» o: or.y otbe: sa ity T ie  'ore seeded tc  m ro tgr. the Hep: sect n r. aouidbc 1 tc 2 
mentis

®  V edrjm  Fncnty - O  CcwPbce:?- 
tsclude a  next sieooe pcssfcly a fotuie

sJcaoe
[ Continue j

Figure El?. Sample Change Submission

Maintenance: Change Submission
r  d e w  is a snapshot o : i e  d e v e lo p s ’s c c m m s n s . user’s com m en ts . and any resources needed :c 
execute decision rega rd ing  i i s  change subm ission Select C ontinue tc proceed

Reym eM M im  h a  Deeiga. I i f k a n a i i ia  tad Teeing:

We may reed to delay the ohoap ■  note taalysts s  
reeded We need tc p v* ctu  attention to racte important 
manes

Cm m i i  l i f m e in n :
We a s  act sure t f  ue seed the cheap tha soon, but i f  that 
•rorks out ther. gsat

[ C c n tm ia j

Figure E l4. Sample Feedback After Change Submission Analysis

High Pncnry - 
include new

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

APPENDIX F 

TH E ASSESSMENT
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Requirement Engineering Assessment

For each question, select the best answer. I f  you do not know the answ er to a question, 
select " I do not know.” Some o f  the questions w ill refer to one o f the following 
scenarios.

Scenario 1
You are a requirements engineer on a project that w ill replace a university’s student 
information system. The system is used to maintain student enrollment status 
information, course grades, student status, and general student information (e.g. name, 
address). The new system w ill interface with the Financial Aid system. Also, the new 
system w ill include course registration. Students w ill be able to register for classes using 
the Web. The task of generating reports to inform the colleges' advising centers o f  
students on academic probation w ill become automated. The automation will decrease 
the time needed for advisors to monitor academically-challenged students, and allow for 
more time for advisors to meet u  ith the students. The process o f entering grades into the 
system at the end of the semester w ill improve productivity by partial automation. Rather 
than submit grades in handwriting, faculty will record grades using a form that can be 
read by an optical scanner.

Scenario 2
You are a requirements engineer on a project that w ill replace the current training system 
for a large company's training department. The orientation process will be online rather 
than in a traditional setting with a trainer and a group o f  new employees (either new to 
the company or to a new position within the company for a current employee). Some 
professional development courses w ill be online for use at the employee's leisure, while 
other courses w ill be conducted traditionally with computer-based activities. The course 
registration and payment systems w ill be revised to improve productivity through partial 
automation. The employee's department pays for the courses that the new employee 
needs to complete.

Change Proposal #1 (for Scenario 2)
After the system was delivered, several department representatives express interest in 
being able to check whether or not their employee has completed his/her courses or 
orientation. The worker's supervisor would be able to see the date and time that the 
employee completed the orientation and or courses without the employee's consent.
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1. Which one o f the following best describes a facilitated meeting as a requirement

elicitation technique?

a. Facilitated meetings are unstructured brainstorming sessions between the 
stakeholders and the developers..

b. Facilitated meetings allow the customers to ask the developers questions about the 
project.

c. Facilitated meetings are structured brainstorming and problem-solving sessions 
between the stakeholders and the developers.

d. Facilitated meetings provide the status o f the schedule and budget for the project.
e. I do not know.

2. Which one o f the following best describes an interview as a requirement elicitation 
technique?

a. Interviews are unstructured brainstorming sessions with a single stakeholder.
b. Interviews are unstructured brainstorming sessions with multiple stakeholders.
c. lnter\ iews are narrowly-foe used facilitated meetings (in terms o f the topics 

covered).
d. Interviews are question-and-answer sessions with one or more stakeholders.
e. I do not know.

3. In the area o f requirements analysis, requirement prioritization is best described as:

a. The task of assigning a rank to the importance o f each system requirement.
b. The task of determining the ease of implementation o f each system requirement.
c. The task o f estimating the testing of each system requirement.
d. The task o f assigning a rank to the ease o f each system requirement’s traceability 

factor.
e. I do not know.

4. In the area o f requirements analysis, a requirement’s scope is best defined as:

a. The extent to which a requirement affects the system's functionality or attributes.
b. The extent to which a requirement reflects the systems nonfunctional

requirements.
c. The extent to which the requirement set is feasible in the system schedule.
d. The extent o f the completeness o f the requirement set.
e. I do not know.
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5. In the area of requirements analysis, a requirement’s volatility is best defined as:

a. The extent to which a requirement is likely to change during development.
b. The extent to which a requirement affects the other functional requirements.
c. The extent to which a requirement can be tested.
d. The extent to which a requirement affects the development schedule
e. I do not know.

6. In the area o f requirements analysis, a functional requirement is best defined as:

a. a feature desired by the end user.
b. a feature that the system must be able to perform
c. a system attribute or constraint
d. I do not know.

7. In the area o f requirements analysis, a nonfunctional requirement is best defined as:

a. the hardw are requirements of the system.
b. a system feature
c. a function o f the system w ith low priority
d. a system attribute or constraint
e. I do not know.

S. Which one o f the following is an appropriate stakeholder to include on a requirements 
validation team?

a. Customer
b. Market analyst
c. Domain expert
d. A and C
e. A. B. and C
f  I do not know
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9. Which one o f the following is the purpose o f the Validation Checklist, used during
the requirements v alidation tasks.

a. To provide a checklist, whereby each requirement is checked off after it is 
determined that it is valid.

b. To provide a document w here the inspectors can list the requirements that need to 
be revised.

c. To provide a checklist that enables inspectors to check that each requirement 
meets all listed criteria.

d. To provide a document to list the defects that are detected during the requirements 
validation tasks.

e. I do not know

10. You are working on a large project where several stakeholders are providing some 
conflicting requirements. Also, you know that some o f the requirements cannot be
completed until the design phase. As the project enters testing, the customer asks that
the system be administered remotely rather than at the server. Which one o f the 
following is the point where requirements validation activities should be conducted?

a. During the requirements analysis phase
b. During the design phase
c. During the testing phase
d. A and B
e. A. B. and C
f. I do not know

11. Which o f the following best describes the role o f change management throughout the
development lifecycle?

a. Change management is intended to identify, control and track requirements and 
any changes to requirements at any time.

b. Change management is intended to identify, control and track requirements and 
their changes during the Requirement Specification phase only.

c. Change management is intended to monitor and integrate requirement revisions at 
any time.

d. Change management is intended to assess and prioritize requirement revisions 
during the maintenance phase.

e. 1 do not know.
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Please see Scenario 1 for the question 12 through 22.

12. Which o f the following stakeholders would you select to interview regarding the 
current system in order to elicit requirements for the new system most efficiently? 
You can select up to 4 stakeholders.

a. University administration
b. Registrar's office staff
c. Students
d. Representatives o f the departmental administrative assistants (secretaries)
e. Financial Aid Office
f. Associated Students Incorporated student government office
g. Student Advisors ( from the Department College Advising Center)
h. I do not know.

13. \ \  hich one o f the following requirements can be classified as a nonfunctional
requirement?

a. In order to allow the university to easily support the Web registration client, the 
Microsoft Internet Explorer version 5 or higher must be used.

b. The system generates an official transcript w hen a student has completed four 
semesters at the university.

c. The system generates a report, a list of students' names who are not registered for 
more than 12 credit hours, and sends it to the Financial Aid office.

d. A student begins the registration process by entering his or her student id and 
password.

e. I do not know.

14. Which one o f the following requirements can be classified as being out of scope for
the system?

a. The system generates a report, a list of students' names who are not registered for 
more than 12 credit hours, and sends it to the Financial Aid office.

b. The system generates an official transcript when a student has completed four 
semesters at the university.

c. The Human Resources Payroll system is alerted by the Financial Aid System 
when a student's Federal Work Study payments are terminated due to low grades.

d. A student begins the registration process by entering his or her student id and 
password.

e. I do not know.
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!
15. Which one o f the following requirements can be classified as having a low priority

I optional)?

a. The course registration module also includes hyperlinks to the course descriptions 
in the course catalog.

b. The system generates the individual student grade reports after end-of-semester 
grades have been submitted.

c. The system generates a report, a list o f students' names who are not registered for 
more than 12 credit hours, and sends it to the Financial Aid office.

d. A  student can change his or her password in the course registration module.
e. I do not know.

16. Which one o f the following requirements can be classified as having high volatility?

a. The course registration module is accessible to visually impaired students.
b. The unofficial transcnpt includes a student's semester and cumulative grade point 

averages.
c. The Grade Report layout consists o f a table containing the student identification 

information and a table listing the courses and grades.
d. A student begins the registration process by entering his or her login id and 

password.
e. I do not know.

1 ~. You have analyzed the set o f requirements from Scenario 1. You classified the
following requirements as being out o f the system's scope.

•  A student's tuition payment status is kept in the Financial Aid System.
•  Students can change their school and permanent addresses online.

Which one o f the following is the likely result of this classification.

a. The customer w ill ask for the address update feature later since you are omitting it 
now. Adding the feature into the registration module later will delay system 
delivery.

b. The system's schedule and budget will remain on target.
c. More developers w ill need to be hired to complete the Financial Aid system and 

the module to facilitate the address change since you are including these feature 
now..

d. The design team will ask for a clarification of the term “tuition payment status."
e. I do not know.
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IS You have analyzed the set o f requirements from Scenario 1. You classified the
following requirements as being Optional, in terms o f priority.

•  When the student's residency code is "OTS". the out-of-state tuition 
announcement will be displayed during course registration.

•  Each student's password, used for registration, is synchronized with the password 
on the university computer account.

Which one o f the following is the likely result o f this classification.

a. The use o f the residency code is automatically removed so that all students see the 
announcement. The schedule and budget are unaffected.

b. When development is behind schedule, both requirements are removed. Upon 
sy stem delivery , students complain about having yet another password. The 
feature is then re-added at your cost.

c. During testing, the customer revises the password requirement to provide students 
with randomly-generated passw ords.

d. I do not know.

19. You ha\e analyzed the set o f requirements from Scenario 1. You classified the
following requirements as being Highly Volatile.

•  The student's local address is used when grade reports are mailed.
•  A report, a list o f students' names who have registered for fewer than 10 units, is 

generated for the Financial Aid office at the end o f the fourth w eek of the 
semester.

Which one o f the follow ing is the likely result of this classification..

a. Subsequent changes to the mailing address and the report surprise the
dev elopment team. The schedule is pushed back and the development costs are 
increased.

b. Subsequent changes to the mailing address and the report that occur during design 
and testing are anticipated and accommodated in the schedule and budget.

c. Subsequent changes to the mailing address and report need to occur at various 
times. The indexible design struggles to accommodate the changes.

d. 1 do not know.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

IS5

20. You are planning the meetings to validate the set of requirements for the system. 
Select the most appropriate stakeholders to include in the inspections. You can 
assume that other requirements engineers and developers are already in the group. 
Select up to 3 stakeholders.

a. Registrar's office staff
b. Students
c. Faculty
d. Financial Aid Office
e. Student Advisors (from the Department College Advising Center)
f. No other stakeholders are needed.
g. I do not know

21. At the inspection, many defects are revealed that need to be fixed by the requirements 
engineers. In addition, you notice several potential problem areas in the system. 
Which one o f the following documents best represents the type o f document that you 
need to provide for the requirements engineers'1

a. Validation checklist
b. Review summary report
c. Review issues list
d. I do not know

22. At the requirements phase, your team conducts the initial requirements validation 
activity. More validation is conducted after substantial rework is conducted by the 
requirements engineers. During the subsequent phases and maintenance, the 
requirements are validated every three months by the original inspection team. Based 
on this description o f the requirements validation process schedule, w hich one o f the 
following best illustrates the reasoning behind the requirements validation schedule.

a. The set o f requirements is continuously changing and needs to be checked 
throughout the lifecycle.

b. The project schedule is slipping due to requirements problems.
c. The developers are not experienced in the particular domain.
d. Customer interviews are not progressing according to the project schedule, w hich 

requires the team to keep rechecking the updated set o f requirements.
e. I do not know
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Please see Scenario 2 for Questions 23 through 26.

23. Select which o f the following stakeholders are needed at the facilitated meetings in 
order to elicit requirements most efficiently. You can select up to 4 items.

a. Sampling o f new employees
b. Training personnel
c. Sampling o f departmental accountants
d. Sampling o f current employees
e. Sampling o f purchasing liaisons for the various departments
f. Sampling o f department heads
g. All department heads
h. I do not know

24. Once the change proposal, described above, has been submitted, the next step in 
Change Management is to evaluate the change in terms o f how it w ill affect parts of 
the project directly and indirectly. Select the motive that best presents the need for 
such ev aluation.

a. Evaluating each change will allow each change to be implemented as soon as 
possible.

b. Each proposed change means that parts of the project w ill need to be redone. The 
extent o f such w ork needs to be noted as soon as possible.

c. Each proposed change needs to be assigned to an av ailable programmer.
d. Each proposed change has an impact on the cost, schedule, quality, and other 

aspects that needs to be considered.
e. I do not know.

25. Change Proposal =1 is being considered. Select the primary consideration that must 
be addressed before you can decide to implement the change.

a. The amount o f time the change w ill take to implement.
b. The person who will be assigned to make the change.
c. The affect o f the change on the schedule and resources
d. The affect o f the change on customer support's workload.
e. I do not know.
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26. Given that Change Proposal =1 has been accepted and implemented. What is the 
final step in the Change Management process?

a. Release the new version o f the system to the customer.
b. Audit the change to see i f  it w as completed correctly.
c. Implement the change.
d. Update the design document.
e. I do not know.
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Software Requirements Analysis Pre-Test 
( Benchmark)

Question - Post-Test 
I Objectiv e )

Question =

II Requirements Elicitation

B Elicitation Techniques

1 Inters lew s C omprehension ■> Application 12

5. Facilitated Meetings Comprehension I Application *> ■;

I I I  Requirements Analysis

A. Requirements classification

1 Functional & Know ledge b.~ Comprehension 13

Nonfunctional

4. Priority Know ledge Comprehension 15

5 Scope Know ledge 4 Comprehension 14

b Volatility Know ledge N Comprehension lb

V Requirements Validation

A The conduct o f

requirements reviews

I Group composition is Comprehension s Application 20

appropriate i may include

customer i

2 I  se o f guiding documents Comprehension q Analysis 21

like checklists to guide

rev iew and to doc findings

3. Review process is at Application 10 Analysis

specified checkpoints and

redone as appropriate

V I. Requirements Management

A Change management
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1. Understanding the role o f  

Change Management 

throughout lifecycle

Comprehension 11 Application

2. H a \ e procedure m place Comprehension 24 Application 26

3. Analyze proposed 

changes

Comprehension 24 Application 25

A ll question numbers are based on the order used for the pre-test.

Other levels o f understanding were assessed as w ell, in order to ascertain the extent o f 
understanding of a topic. For example, requirements classification was tested at the 
Application level (question = I T  IS. and 19). Also, while students do conduct interviews 
to a limited extent, the pretest benchmark was set to Comprehension in order to address 
the concept oflnterviews in a more general sense. The pretest benchmark was also set to 
the Know ledge level for the Functional Nonfunctional and Volatility classifications (in 
are III.A ) to measure the extent o f understanding o f  these requirement types. The 
Know ledge level was selected as the benchmark for Functional Nonfunctional 
classification due to historical patterns o f misunderstanding in past exams. Since 
Volatility is barely addressed in the course, the Know ledge level w as selected.

Furthermore, a question was not developed to test topic V I.A . 1 at the Application level, 
due to the incompatibility o f the topic w ith multiple-choice assessment. Nonetheless, the 
pretest benchmark w as assessed in order to measure the level of understanding o f the role 
o f change management throughout the lifecycle.
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