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Abstract — Although many software engineering (SE) and
computer science (CS) texts use case studies to explain
the different concepts, these case studies tend to focus on
a specific subject such as object oriented design and
implementation or requirements analysis and
specification. In addition, these case studies usually lack
instructor guidelines on how to use the material in
teaching these concepts. The Digital Home Case Study
addresses these issues by providing a complete set of
artifacts associated with software development, and an
extensive set of case study exercises for teaching
different topics in software engineering and computer
science, as well as guidance for instructors on how to use
these case modules. In this paper, we motivate the use of
the case study approach in teaching SE and CS concepts.
We provide a description of the Digital Home case study
and the associated artifacts and case modules. We also
report on our use of the developed material.

Index Terms — Case study teaching, Case modules, Digital
Home, Software development life-cycle, Software artifacts

INTRODUCTION TO CASE STUDY TEACHING

The use of case studies in teaching has been a subject of
much study and research about their effectiveness in
teaching and learning [1,2,3,4]. They have been particularly
effective in teaching about professional practice and have
been widely used in such fields as business, law, and
medicine. Case studies allow educators to create a realistic
environment and context for the study of real problems in an
academic setting. They are based on actual events and
documents, or at least pseudo-real events and documents.
The case study typically describes a problem, using a
scenario format providing the context and summarizing key
issues and events related to the problem. The scenario might
be supplemented with background material (setting,
personalities, sequence of events, and problems and
conflicts), artifacts, and data, which is relevant to the
situation depicted.

Although case studies can be used in a prescriptive,
teacher-centered pedagogy they are most effective when
used in an active, student-centered approach, where the
teacher acts as a facilitator or coach. Case studies are of
special value in problem-based learning, concentrating on
the development of problem-solving skills, self-directed
learning, and teaming skills. There are a number of excellent
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examples of case studies in science and engineering at the

SUNY -Buffalo web site [9]

The use of case studies in education has shown great
success in the aforementioned disciplines; however, this
teaching method has seen little use in computing education.
For example, at the SUNY-Buffalo web site there are 361
case studies in science and engineering — only five are
concerned with some aspect of computing.

We suspect that one of the principal reasons that the
case-study approach is not more widely used is the shortage
of sufficient material for this purpose. Although software
engineering and computer science textbooks use case
studies to illustrate concepts and techniques (Examples
include an Airline Reservation System and a Household
Alarm System [7], Fireworks Factory [8], Picadilly
Television and Ariane-5 [10], and SafeHome [11]), these
case studies often lack the following:

e Realistic artifacts (often space does not allow providing
a complete requirements or design document)

e Completeness (covers only a portion of the life-cycle,
and not an end-to-end), with a focus on design and
implementation

e  Ability to decouple from the text and apply in ways not
intended by the author

e Techniques for integration into course activities or into
the curriculum as a whole

e A scenario format that would motivate students to get
engaged in problem identification and solution.

e  Guidance to the instructor on how to use the case study
to teach a course topic or concept

In previous work [5,6] we introduced the DigitalHome
case study as a way to address these shortcomings by
providing a complete set of artifacts associated with
software development as well as providing case modules
(mini-case studies addressing different aspects of the
DigitalHome project) that can be used by faculty in teaching
different subjects in a computing curriculum.

In this paper, we provide a description of DigitalHome
case study material developed in the last two years as part of
a National Science Foundation grant. In addition, we
highlight our experiences in using the case study material in
different software engineering courses at our institution. We
also discuss the future goals, both short and long term, of
the case study project and the anticipated improvements and
new artifacts.
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THE DIGITALHOME CASE STUDY

The DigitalHome Case Study Project focuses on developing
a complete set of artifacts associated with software
development (e.g., Project Plan, Requirements Document,
System Test Plan, Design Specification, Code,, etc.) as well
as case modules. These artifacts and case modules are
related by being part of and derived from a single case, the
development of a single software product. In addition, each
case module is framed as part of a product development
narrative, using a scenario format, which involves characters
and incidents that would be part of an actual software
development project (e.g., formation of a software project
team, interaction with upper management, customer and
user interviews, writing a use case description, formal
inspection of a software artifact, designing a class interface,
a design walk-through, system testing, etc.).

The DigitalHome Case Study is intended to cover the
complete life-cycle development of a software product
(project  management, requirement analysis and
specification, design, implementation, testing and
maintenance). The initial phase of the case study project,
concentrated on building a foundation for full development:
research into case study teaching; identification of a case
study problem; creation of a scenario framework;
description of a launch of the software development team;
development of a software development plan to be used as
part of the case study; and development of several related
case modules.

So far, we have a full list of artifacts and case modules
associated with the early phases of software development
such as assessing customer needs, formation of the
development team, as well as requirements specification and
verification. We are currently working on the architecture,
design, and implementation.

THE DIGITALHOME SYSTEM

The DigitalHome project is part of the vision of the future

for a national company HomeOwner, which is the largest

national retail chain serving the needs of home owners in
building, furnishing, repairing, and improving their homes.

The HomeOwner management has decided to develop a

prototype DigitalHome (DH) system that has the following

features:

e The DH system will allow any web-ready computer,
cell phone or PDA to control a home's temperature,
humidity, lights, and the state of small appliances.

e The communication center of the DH system will be a
personal home owner web page, through which a user
can monitor and control home devices and systems.

e The Digital Home will contain a master control device
that connects to the home’s broadband Internet
connection, and uses wireless communication to send
and receive communication between the DH system
and the home devices and systems.

e The Digital Home will be equipped with various
environment sensors (temperature sensor, humidity
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sensor, power sensor, contact sensor, water sensor,
etc.). Using wireless communication, sensor values can
be read and saved in the home database.

e The DH system includes programmable devices
(thermostats, humidstats, and small appliance and
lighting power switches), which allows a user to easily
monitor and control a home’s environmental
characteristics from any location, using a web ready
device.

e The DH system includes a DH Planner, which provides
a user with the capability to direct the system to set
various home parameters (temperature, humidity, and
on/off appliance and lighting status) for -certain
scheduled time periods.
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For the sake of our prototype project we simulate the
interaction between the digital home system and the
environment devices such as thermostat, humidistat,
sensors, and controllers. Figure 1 shows the DH planning
Graphical User Interface used to create and manage house
plans. Figure 2 shows the Simulation of house environment
devices.

THE DIGITALHOME MATERIAL

The following section provides a listing of the currently
available Case Study material. In addition, we provide a
sample case module to better describe the content and
directions for use of such modules.

The development of the DH cases study has consisted
of writing scenarios, developing DH artifacts, case modules
and exercises. Thus far, Project Inception, Project Launch
and Planning, and Requirements Analysis and Specification
have been completed. Table 1 provides a listing of the
current artifacts, case modules, and exercises produced as
part of the Case Study Project. The case study material is
available for download and use at:
http://www.softwarecasestudy.org/

TABLE 1
CURRENT CASE STUDY MATERIAL

Session T1H

Item Development phase

Beginning Scenario Pre Project
DigitalHome Development Team Bios Pre Project
Development Strategy Pre Project
Customer Need Statement Pre Project
Case Module: Assessing Needs Pre Project
Exercise: Assessing Needs Pre Project

Launch Script Launch
Launch Scenario Launch
Conceptual Design Launch
Context Diagram Launch
Development Process Launch
Case Module: Software Process Launch
Exercise: Software Process Launch
Artifact: SRS 1.2 Requirement Analysis
Artifact: SRS 1.3 Requirement Analysis
Use Case Model Requirement Analysis
Case Module: SRS Inspection Requirement Analysis
Inspection Process Requirement Analysis
Inspection Defect Log Requirement Analysis
SRS Checklist Requirement Analysis
Inspection Summary Report Requirement Analysis
Exercise: Requirements Inspection Requirement Analysis

Case Module: Operation Profile
Exercise: Creating an Operation Profile
Case Module: Software Team Problems
Exercise: Software Team Problems

Operation and Maintenance
Operation and Maintenance
Others
Others

As an example of a case module and its contents, we
provide the Assessing Customer Needs case module in the
following text. A typical case module would contain the
sections provided below (each in a separate box).
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Case Module Title: Assessing Customer Needs

Prerequisite Knowledge: enrollment in a software engineering
course.

Learning Objectives: Upon completion of this module students

will have increased ability to:

1. Analyze a customer need statement and the initial set of
requirements for a system.

2. Acquire additional information from a customer about his/her
needs.

3. Work more effectively as part of a team.

Keywords: Customer Needs, Requirements

Case Study Artifacts:

1. DH Customer Need Statement

2. DH High Level Requirements Definition (HLRD)
3. DH Background Scenario

4. DH Team Biographical Sketches

DH Launch Scenario

Case Study Participants:
e  The DH Team
e A representative from the HomeOwner Marketing Division

Scenario:

In early August of 2010, HomeOwner Inc. (the largest national
retail chain serving the needs of home owners) established a new
DigitalHomeOwner division that was set up to explore the
opportunities for equipping and serving “smart houses” (dwellings
that integrate smart technology into every aspect of home living).
In August and September of 2010, the Marketing Division of
HomeOwner conducted a needs assessment for a DigitalHome
product that would provide the computer and communication
infrastructure for managing and controlling the “smart” devices in
a home, to best meet the needs and desires of homeowners. The
Marketing Division produced two documents: the DH Customer
Need Statement and the DH High Level Requirements Definition
(HLRD).

Using the documents developed by marketing, DigitalHomeOwner
has just launched a pilot project (called the DH project) to examine
and assess the technical and developmental issues of the smart
house concept. A five person team was assembled for the project
and in late September 2010 carried out a “project launch”.

During the launch of the DH Project, Sumeera Nangia, the DH
team leader, asked Jorge Ortiz, the DigitalHomeOwner Director, if
he could set up a meeting with someone in the HomeOwner
Marketing Division to discuss the questions the DH Team had
about the HLRD. Jorge contacted the Marketing Division Head
and set up a meeting between the DH Team and Karen Mullen, the
lead for the DH needs assessment effort.

On the Friday before the meeting with Karen, the DH team meets
to plan its interaction with Karen.

Exercise:

1. As preparation for the case method, ask each student to read
the Case Study Artifacts listed above.

2. Divide the class into a set of small teams (3-4 people).
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Each team takes on the role of the DH Team and prepares for
a meeting with Karen Mullen. The team should carry out the
following tasks:

a. Analyze the DH HLRD and discuss any problems or
concerns about their understanding of the HLRD.
Formulate objectives for the meeting with Karen.

c. Make up a set of questions the team would like
answered, prior to commencement of project planning
and software requirements analysis.

d.  Assign individual roles for the meeting (e.g., meeting
facilitator, taking notes, asking questions, etc.).

e. Make up an agenda for the meeting.

f.  Document their work in the Meeting Preparation Form in
the Exercise Booklet

Appendices: Exercise Booklet

Resource Information: None

Teaching Notes:

This case module could be used in different level courses

(from a freshman level introductory course in software

engineering to an upper level or graduate course in

requirements engineering).

Although this case module designed as a team exercise, there

are a couple of other ways the case could be used:

» This could be a teacher-led discussion of the issues
related to the need assessment of the DH product, what
questions need to be answered before the DH project can
go forward, and how to conduct a productive meeting.

»  Students could be assigned as an individual homework
assignment of studying the case module materials and
completing the Meeting Preparation Form.

Assuming an adequate student preparation for the exercise,
allowing students about twenty minutes for the exercise
should be sufficient. It would be beneficial to follow the
exercise with a ten to fifteen minute discussion concerning the
student team results. Some key points to include in the
discussion are the following:

» In the Customer Need Statement, was the Wright family
an appropriate representative the DH product need?

»  Which features described in the HLRD need the most
clarification?

» Do you have questions about the DH product that you
think Karen will not be able answer and will need further
investigation?

» Do you know enough about project to start creating a
detailed plan for development (tasks to be performed,
costs of development, and a project schedule)?

Student teams should be cautioned about a few things:

» This is case method does not concern a full-blown
requirements elicitation effort, but rather an initial
interaction with a customer (or customer stand-in) to
help clarify the high-level requirements statement.
Hence, detailed requirements questions are not
appropriate.

»  The meeting lasts for only one hour, so the team needs to
think about how best to use the time.

If the course involves actual student development

teams, this exercise could provide a good team building

experience: it could be carried out at the beginning of a
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course; it does not require any special technical knowledge;

The course instructor could liven things up a bit by designating
each student on a team to role-play a member of the DH team.

A nice extension to this exercise would be for the instructor
(or another student) to play the part of Karen Mullen and have
the student team conduct a one hour meeting with her and
then assess the results.

OUR USE OF THE CASE STUDY MATERIAL

For the past two years, the case study material has been used
in multiple courses in computer science and software
engineering at Embry Riddle Aeronautical University
(ERAU). This included the use of developed artifacts as
well as case modules.

TABLE I
USE OF CASE STUDY MATERIAL AT ERAU

Case Study Item

Course

DH Beginning Scenario

DH Bios

DH Customer Need Statement

DH High Level Requirements
Definition

DH SRS version 1.3

Case Module: Software

Introduction to Software Engineering
Software Quality Assurance
Software Reliability

Introduction to Software Engineering
Software Reliability

Introduction to Software Engineering
Software Quality Assurance
Software Reliability

Introduction to Software Engineering
Software Quality Assurance
Computer Modeling and Simulation
Software Reliability

Introduction to Software Engineering
Software Analysis and Design
Software Quality Assurance

Files and Database systems
Computer Graphics

Software Reliability

Introduction to Software Engineering

Inspection Software Quality Assurance
Software Reliability
Case Module: Operational Software Reliability

Profile

Case Module: Software Team

Introduction to Software Engineering

Problems

DH Simulator Requirements

Computer Modeling and Simulation

Document

DH Simulator Design

Computer Modeling and Simulation

Document

DH Simulator Detailed Design

Computer Modeling and Simulation

and Code

It was our general experiences and those of participating
faculty that the use of the case study material enhanced the
teaching sessions and seemed to simulate students’ interest
in the topics discussed.
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Table II shows the complete listing of the case study
material that has been used in computer science and/or
software engineering courses at Embry Riddle Aeronautical
University. In the table, courses in bold letters are computer
science courses while the rest are software engineering ones.

SUMMARY AND FUTURE WORK

The use of case study-base teaching has shown success in
disciplines such as business, medicine and law. The
DigitalHome case study project’s goal is to enhance the use
of case studies throughout a computing curriculum. This is
done through the development of case study material that
can be tailored to multiple courses and teaching techniques.
The case study materials include case modules for teaching
software development topics such as requirements analysis,
inspections, OO design and construction, and testing among
others. Case modules include teaching notes to guide
instructors in teaching the target topic. Case modules are
also accompanied by class exercises that employ scenarios
to simulate real world environment and increase students’
interest in the topics.

As mentioned above, we are continuing to develop the
complete set of software artifacts for the DigitalHome
system. Beside the material discussed in Tablel, we
currently have initial versions of the architecture document
as well as the system test plan. We plan on having the
complete set of artifacts, case modules and related exercises
by the end of the project at the end of 2011

As part of the development of the case study material,
as well as the dissemination of the results, a summer
workshop was organized and delivered in June 2011, to
involve other faculty in the development of different case
study modules, and in the use of the project materials at
their institutions. Participants were asked to identify a
course in which they plan to integrate the case study
material. In addition, they were asked to collect some
baseline data on learning outcome attainment that will be
used as part of the project assessment. In the first part of the
workshop, after a discussion of the case study-method of
teaching, faculty assessed the portions of the project case
study developed to that point. In particular, they were asked
to review the artifacts, scenarios and other support material,
and suggest changes and improvements. In the second part
of the workshop, the participants concentrated on the
development of case studies that they planned to incorporate
in their curriculum at their own university
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