Transforming Engineering and Science Education
Through Active Learning

Massood Towhidnejad & Thomas Hilburn
Embry-Riddle Aeronautical University
ECSSE Department
Daytona Beach, FL 32114
{Towhid, Hilburn @erau.edu}

Abstract—Advances in engineering methods and
technology, modern system complexity, and the need to
work across cultures and multiple time zones have
influenced significant change in the practice of
engineering. The same cannot be said of engineering
education. This paper describes the DigitalHome case
study project that covers full life-cycle development of a
software product (project management, requirements
analysis and specification, design, implementation, testing
and maintenance) that has been integrated throughout
graduate and undergraduate curriculum. The paper will
discuss some of our experiences gained during this project,
followed by some guidelines on how this can be done at
other schools.
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1. INTRODUCTION

Advances in engineering methods and technology, modern
system complexity, and the need to work across cultures and
time zones have influenced significant change in the practice
of engineering. The same cannot be said of engineering
education: for over 100 years curricula have been packaged in
a course-by-course, semester-by-semester  framework;
material is mostly delivered by lecture and individual
homework assignments; classrooms are characteristically
arranged in rows and columns of single-person desks; course
grades are generally assigned on the basis of individual work;
faculty team teaching is rare; significant team projects are
typically reserved for senior level capstone courses; many
faculty lack experience as a professional engineer, the
rudiments of how to build effective teams, and an appreciation
of the role of general education in engineering education [1].
This is somewhat disheartening because, given the fact that
there have been major advances in engineering methods,
processes and technology; we see minimal advances in
engineering education.

In the last twenty years, there has been a substantial
amount of research showing that student learning can be
improved when instructors move from traditional lecture-style
instruction to a student-centered, interactive instruction [2, 3,
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4]. Here the teacher becomes a facilitator, guiding and
coaching, rather than directing and lecturing; students learn by
doing: class discussions, debates, collaborative learning
groups, and study and analysis of a case (a problem set in a
realistic situation). A study of teaching in engineering
departments shows that 82 percent of faculty are aware of
innovative teaching techniques, but less than half of them use
such techniques [5]. Of course, there are examples of
individual faculty and programs that have used new
approaches to make engineering education relevant and
appropriate for preparing graduates for 21* century
engineering practice, but we need more involvement by
engineering faculty in these approaches — we can do better.

In a recent study [6], involving an engineering
competencies survey of over 4000 alumni, in eleven different
engineering disciplines, solicited opinion about the relative
value of ABET (Accreditation Board for Engineering and
Technology) prescribed student outcome areas [7]. The four
highest rated competencies were the following: “ability to
function on a team”, “engineering problem-solving skills”,
“ability to analyze and interpret data”, and “written and oral
communication skills”. In the following sections we discuss
how a case-study approach, using a “life-cycle case study” [8],
can be effective in addressing these competencies and
potentially help transfor the way an engineering curriculum is
delivered.

II.  THE CASE METHOD

Although the use of case studies as the principal teaching
paradigm has proven its worth and is a widely used method of
teaching in fields such as business, law, and medicine [9], it is
yet to be accepted to the same extent in computing and
engineering education, except in the area of ethics. One of the
reasons for the lack of extended use of case studies is the lack
of sufficient material for this purpose. Many engineering
textbooks provide example cases to illustrate concepts and
techniques, and there are various websites (e.g.,
http://www.afit.edu/cse/cases.cfm,
http://sciencecases.lib.buffalo.edu/cs/) offering case studies of
engineering and scientific work. However, they often lack the
following:




e Realistic artifacts (often space or intellectual property
concerns do not allow one to provide a complete
engineering artifact such as a design document or a
project plan)

e Completeness (most are focused on some part of
engineering practice, or on a single course)

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

e Techniques for integration into course activities,

e A scenario format that motivates a student’ engagement
in problem identification/solution.

e Guidance to the instructor on how to use the case study
material

We propose that computing and engineering programs
embrace case study teaching as a way of delivering
curriculum. In order to accomplish such a task, we need to
establish an appropriate environment, where faculty can
incorporate case study teaching with minimal overhead;
therefore, we recommend the following:

e Create and/or adapt a “life-cycle” engineering case study
to be used throughout the program curriculum.
e The life-cycle case study would include artifacts and
exercises that cover all aspects of engineering practice:
e identifying, formulating, and solving engineering
problems
e using the techniques, skills, and modern engineering
tools necessary for engineering practice
e designing a system, component, or process to meet
desired needs within realistic constraints
e functioning effectively on multidisciplinary teams
e communicating effectively
e demonstrating professional and ethical responsibility

In the remainder of this paper, we describe the results of a
National Science Foundation project called “Curriculum-wide
Software Development Case Study”, which developed
artifacts that can be used throughout the graduate and
undergraduate computing curriculum.

III. A SOFTWARE ENGINEERING LIFE-CYCLE CASE STUDY

For several years the authors have been involved in a case
study project that focuses on the development of a
DigitalHome system [10]. The DigitalHome Project covers the
complete life-cycle development of a software product
(project management, requirements analysis and specification,
design, implementation, testing and maintenance).

The DH Project is based on a scenario about a real-world,
but fictitious company, HomeOwner, which is the largest
national retail chain serving the needs of home owners. Based

on market and technology research, Homeowner decides to
invest in the development of a “smart” house, called the
DigitalHome (DH), which will have the following features:

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

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

e The DH system shall include a DH Planner, which
provides a user with the capability to set various home
parameters (temperature, humidity, home security, and
on/off appliance and lighting status) for certain scheduled
time periods.

e The DH Planner shall also be able to provide various
reports on it management and control of the home (e.g.,
historical data on temperature, humidity, lighting, etc.).

The overall project goals include: research into case study
teaching as it relates to computing and engineering discipline;
identifying a case study problem; creating a scenario
framework; describing the launch of the software development
team; fashioning a software development plan to guide
development of the DigitalHome System; establishing a
development process; creation of a DigitalHome need
statement; analysis, modeling and specification of the
DigitalHome requirements; development of a system test plan;
development of a software architecture; and specification of
the system components.

As a result, we have developed a set of DH mini-case
studies (we call “case modules”) which are designed to engage
students in active learning software engineering activities
related to development of the DigitalHome System. With this
life-cycle engineering case study, we advocate a “Team
Learning Format”. Our approach involves the following
activities:

e  Students are assigned prior reading or other preparation.

e The instructor introduces the case, providing motivation
and giving background.

e The instructor divides the class into teams and if
necessary, assigns roles.

e Teams work on a case module exercise: discussing
problems/issues, answering questions and making
decisions, and prepare report of their conclusions.

e Teams present their report to class and the class discusses
team results.

Existing DigitalHome scenarios, partial project artifacts
and case modules can be viewed at



http://www.softwarecasestudy.org/. The case study material
includes a complete set of software development artifacts as
well as case exercises that can be used to teach different topics
(i.e., requirements, design, programming, testing, quality
reviews, project management, etc.) throughout a computer
science or software engineering curriculum. Each case
exercise represents a mini case study and is associated with a
specific curriculum topic (e.g. project planning, requirements
inspection, object oriented design, system test planning, etc.)
and a set of learning objectives. In the next section we discuss
in more detail some of the artifacts that were generated, and a
list of classes in which these artifacts were used.

IV. DH ARTIFACTS AND ITS USE

The project artifacts and case modules have been used in a
number of classes ranging from a first semester sophomore
introductory software engineering class to graduate software
engineering courses and professional software development
training for experienced engineers. Table 1. represents a list of
DH artifacts (software artifacts, software development project
artifacts, case modules, and exercises) that have been used in
different undergraduate and graduate courses in computer
science and software engineering The courses represented in
this table are courses that were offered by either faculty
involved in the project and/or three other members of our
department faculty. There are over three hundred students
participating in these classes. The UG, G and P indicators

represent the level of the course (undergraduate, graduate or
professional) which the material was used.

In addition to the faculty at our university, at least eight
other faculty in different universities have incorporated some
of these materials and/or modified versions of these materials
in their courses. Therefore, we estimate over 400 students
have had some form of exposure to the DH material. This is
evidenced by on over 2600 unique accesses to the project
website.

Each time DigitalHome material was used in a class, a
short survey was conducted in the class. The survey was
conducted either at the completion of the lecture where
students used DigitalHome material, or at the end of the
semester, if DH material was used in the class more than once.
The main purpose of the surveys was to get feedback about
whether the case study material was deemed to be helpful in
comprehension and understanding of the topics. Over 70% of
the participants strongly agreed or agreed with the fact that
case study teaching would improve the comprehension and
understanding of the topics.

In addition to the end of the class/session survey, some of
the participating faculty attempted to conducted an analysis of
students learning based on whether case study was used or
not. However, since majority of the classes in our school are
small, it is difficult to have an effective comparative study by
dividing a class to two groups (one using case study and
another not), and to measure the difference between the two
groups’ understanding and comprehension of the material.

TABLE 1. DIGITALHOME ARTIFACTS COURSE USE

DH Artifact Courses Used
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DH Beginning Scenario X X X X X X X X X X X X
DH Bios X X X X X X X X X X
DH Launch Process Script X X
DH Customer Need Statement X X X X X X X X X X X X
DH High Level Requirements Definition X X X X X X X X X
DH Launch Scenario X
Case Module: Assessing Needs X X X
DH Development Process Script X X
DH Context Diagram X X X
DH Conceptual Design X X X
DH Development Strategy X
DH Use Case Modeling X X X X X X
DH SRS verl1.3 X X X X X X X X X X
Case Module: SRS Inspection X X X X X X
Case Module: Operational Profile X
DH Simulator Requirements Document X
DH Simulator Design Document X
DH Simulator Detailed Design & Code X
DH Component/package Diagram X
DH Class Diagrams X
DH Sequence Diagrams X
DH SDS 1.0 X
Case Module: Effective team formation X
Case Module: Project Planning X
Case Module: Software Metrics X
Case Module: Team Problems X




Therefore, in this situation, the best approach seemed to
be a subjective analysis by the faculty on whether they felt
like the case study helped student’s understanding of the
material. Based on this informal analysis, almost all faculty
felt that the case study have helped student’s understanding,
but there is a wide range as to how much case study helped,
some believed the difference was not that big, and some felt
they had seen significant improvement. For example, the
faculty who used the software inspection case study saw an
improvement in student’s inspection capability, as shown in
table 2.

TABLE 2. INSPECTION OUTCOME IMPROVEMENT

Inspection Feature Inspection with Inspection
use case without use case
Requirement Size 7 7
Major Defects Identified 10 8
Major Defects Missed 2 4
Total Inspection Time 14.2 hrs 13.5 hrs
Defect Removal Rate 0.7 def/hr 0.59 def/hr
Inspection Rate 0.49 pg/hr 0.51 pg/hr

On the surface the difference between the two groups
does not appear significant; however, eliminating two
additional major defects from the product, before any design
and implementation, may mean significant decreases in time,
budget, and liability , while increasing customer satisfaction.

V. AN ENGINEERING LIFE-CYCLE CURRICULUM

It is important to recognize that as engineering students
graduate and pursue a professional career; they will be
required to participate in projects that follow some form of
an engineering life cycle. It is also true that there are
number of commonalities between different engineering life
cycles across engineering fields. In general, an engineering
life cycle includes the following phases;

1. Initialization phase - this is where the customer/sponsor
identifies a need or opportunity

2. Requirement phase - this is where the stakeholders
requirements are identified and collected and analyzed

3. Design phase - this is where the requirements are
converted to design which delivers the required
functionalities

4. Development phase- this is where the design is
converted to a product

5. Testing phase - this is where the validation and
verification of the product is performed

6. Operation and Maintenance phase - this is where the
product will go into operation, and operational
problems and/or enhancement will be dealt with

7. Disposition phase - this is where the product will be
disposed/decommissioned.

Looking across different engineering fields, we see the
same phases are applicable but some phases have more or
less importance in some fields than in others. For example,

in software development where engineers are dealing
mainly with non-physical entities, there is less concern
about the disposition phase; however, in the nuclear field,
where engineers deal with hazardous physical entities, the
disposition phase will have a very high importance.
However, when we look at most engineering curricula we
observe that curriculum emphasis in the area of design and
implementation with some attention to testing (typically
through simulation); this is especially true in the
undergraduate engineering curriculum. The only place in
the curriculum, where students potentially get an exposure
to the full engineering life cycle is in a two-semester
capstone design course, which is not required by all
engineering programs (some only require one semester
course. Therefore, there is no guarantee that a student
completing a bachelor degree in engineering or computer
science will get an exposure to a full engineering life cycle.
Based on the above facts, we see some shortcomings as
part of the current engineering and computing curriculum.
These are;
e Students’ limited exposure to the real world problem.
e Students’ limited exposure to full development life
cycle.
e Students’ limited exposure to professional practices.
e Students’ limited use of soft skills (i.e., communication,
teamwork, interpersonal  relationships, conflict
resolutions, etc.).

Having a complete set of artifacts for a single project
and a series of case modules that can be distributed across
curriculum, allow students to gain exposure to the full
engineering lifecycle and remedy some of the above
mentioned shortcomings.  We propose the following
approach to integrating a life cycle case study into the
computing and engineering curriculum.

e During the freshman year, introduce students to the
life-cycle project at a high level of abstraction, only
requiring minimal engineering skills. This can be
easily accomplished in schools that have a common
freshman  engineering  curriculum, where a
multidisciplinary project can be used to involve a
variety of engineering disciplines, which mirrors what
often happens in professional practice. Of course the
multidisciplinary project requirement will not be as
important for the programs that do not have a common
freshman year.

e Throughout the remainder of the curriculum,
appropriate sections of the project can be introduced in
the form of case modules that either introduce new
topics, or reemphasize key topics covered in other place
in the curriculum. For example, by introducing project
related case studies as part of an introductory design
classes, one can also address issues related to the



customer’s needs and managing customer’s
expectations. These topics would not take too much
time to introduce; therefore, it does not necessary
require elimination of some of the typical topics that are
covered in the class, all that is required is to be more
creative on what we deliver in the class.

e Finally, we should not assume that all the life cycle
engineering case study material should only be covered
as part of the engineering courses. For example, some
of the issues associated with “soft skills” such as
interpersonal relationships, writing and presentations,
and teamwork would also be covered in humanities and
social sciences courses, and then applied and re-
enforced in engineering courses. We can also introduce
some of the material in math and science courses,
presenting relationship between these topics and real
world engineering problem.

VI. CHALLENGES AND FINAL THOUGHTS

In this paper we have proposed including a life cycle
case study as part of an engineering curriculum. We believe
this approach will improve engineering education and help
produce graduates who are better prepared to enter the
workforce. Of course we do not believe that including life
cycle case study throughout the engineering curriculum is a
simple task, or by doing so we can completely transform the
engineering education, in another word, this is not the
“silver bullet”. Some of the challenges associated with
including life cycle case studies in the curriculum are;

e Identifying an appropriate project which has the
following characteristics

o It is something that freshman and sophomore
students can easily understand its principle
features, and it has sufficient complexity to be
challenging to upper level students and
graduate students.

o It is attractive to the student, and it stands the
test of time. In another words, it is not the
latest hot topic. It can be easily adapted to
different courses and topics, which were not
initially considered. For example, there may
be a desire or need to convert single discipline
case study project to a multidisciplinary
project, involving faculty and students from
different domains and areas of interest.

o Make sure the project has a good balance of
technical and nontechnical (i.e., soft skills)
challenges.

e Convince faculty, who have an interest in active
learning, to adapt the project, and use it as part of their
course delivery

e  Converting the faculty who have no interest in active
learning, to adapt use a case study as part of their
content delivery

e Convince the faculty responsible for a curriculum to
adopt a life-cycle case study as central cross-cutting
feature of the curriculum. If such an adoption is agreed
upon and implemented, it can be a unifying and guiding
feature of the curriculum, providing the curriculum
with increased cohesion and clarity.

We realize that our proposal (using a “life-cycle” case
study to transform an engineering program) has immense
challenges. And even though Derek Bok has compared the
“difficulty of reforming a curriculum” to the “difficulty of
moving a cemetery” [11], we believe our proposal offers
promise, has immense potential benefits, and is worth the
effort and risk.
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