
58 IEEE SOFTWARE  | PUBLISHED BY THE IEEE COMPUTER SOCIET Y  074 0 -74 5 9 /11/ $ 2 6 . 0 0  ©  2 011  I E E E

THE LABELS SOFTWARE engineer 
and professional abound in discus-
sions concerning the development and 
use of computer systems and software 
products. Over the past 20 years, aca-
demics and practitioners have devoted 
much effort to enhancing and advanc-
ing the state of professional software 
engineering (SE) practice. In 1989, the 
Software Engineering Institute (SEI) at 
Carnegie Mellon University published 
a landmark report on graduate educa-
tion in SE;1 several universities have 
used its guidelines to establish graduate 
SE degree programs. But software de-
velopment has changed dramatically in 
the intervening years. Software’s scale, 
complexity, and criticality have mush-
roomed, yet no signifi cant effort has 
been made to revisit and update the 
original SEI guidelines. 

Figure 1 shows the evolution of SE 
education. Many cite the 1968 North 
Atlantic Treaty Organization Confer-
ence as the beginning of comprehensive 
discussion about the content and nature 
of SE.2 The fi rst graduate programs fol-
lowed advice collected at a 1976 work-
shop and reports from the IEEE Com-
puter Society (IEEE CS) Subcommittee 
on Model Curricula in Software Engi-
neering.3,4 In 1993, the Association for 
Computing Machinery (ACM) and the 
IEEE CS formed a joint steering com-
mittee to advance SE professionaliza-
tion. In 1998, this was reconstituted 
as the Software Engineering Coordi-
nating Committee (SWECC), which 
sponsored the development of a body 
of knowledge5 and a code of ethics and 
professional conduct for software engi-
neers.6 In addition, SWECC sponsored 
educational activities that led to Ac-
creditation Board of Engineering Tech-
nology (ABET) SE criteria and an un-
dergraduate curriculum model.7,8 We 
realize that Figure 1 presents a some-
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what US-centric focus, but many of the 
activities it depicts were international 
in scope. We also recognize that signifi -
cant contributions to the advancement 
of SE education occurred throughout 
the world, particularly in the develop-
ment and accreditation of software 
educational programs in Canada, Mex-
ico, Europe, Australia, Asia, and South 
America.

“Graduate Software Engineering 
2009 (GSwE2009): Curriculum Guide-
lines for Graduate Degree Programs 
in Software Engineering” is a recently 
developed set of curriculum guidelines 
for master’s programs.9 A group of SE 
educators and practitioners developed 
GSwE2009 as part of the Integrated 
Software & Systems Engineering (IS-
SEC) curriculum project at Stevens In-
stitute of Technology. An underlying 
focus of GSwE2009 is how to advance 
the state of SE practice and support a 
better understanding and agreement 
about the nature of professional soft-
ware engineers. 

This article focuses on the guiding 
principles for GSwE2009’s develop-
ment, student prerequisites, the core 
body of knowledge (CBOK), and an 
architectural framework that supports 
fl exible curriculum implementation. 
Download the full GSwE2009 docu-
ment, with more detailed information, 
at www.gswe2009.org.

Guiding Principles
The GSwE2009 project team estab-
lished a set of guiding principles to pro-
vide a foundation for project activities. 
The GSwE2009 document presents 17 
guiding principles that act as the re-
quirements. Three principles illustrate 
their nature:

• Principle 1. The principal purpose 
of GSwE2009 will be to provide a 
set of tailorable recommendations 
for developing and improving cur-
ricula that provide software engi-
neering education at the master’s 

degree level. It is not intended to be 
the basis for accreditation.

• Principle 7. The rapid evolution and 
professional nature of software en-
gineering require ongoing review 
and revision of the corresponding 
curriculum.

• Principle 8. GSwE2009 will be sen-
sitive to changes in technologies, 
practices, and applications, new 
developments in pedagogy, and the 
importance of lifelong learning.

In support of Principle 7, representa-
tives from the ACM and IEEE CS ed-
ucation boards acted as observers and 
communication links to their respec-
tive groups. In fall 2009, both organi-
zations agreed to long-term sponsor-
ship of GSwE2009, signifying that the 
curriculum guidelines met all their ex-
pectations regarding the quality of the 
development process and the product 
itself and that they take responsibil-
ity for maintaining the currency of the 
guidelines.

Student Outcomes
Although the guiding principles in-
fl uenced all aspects of the project, 
they particularly helped shape the 
GSwE2009 student outcomes: 

• CBOK. Master the core body of 
knowledge.

• Domain. Master SE in one applica-
tion domain, such as fi nance, medi-
cal, transportation, or telecommu-
nications, and in one application 
type, such as real-time, embedded, 
safety-critical, or highly distributed 
systems.

• Depth. Master at least one knowl-
edge area or subarea from the CBOK 
to the Bloom Synthesis level.10

• Ethics. Be able to make ethical pro-
fessional decisions and practice eth-
ical professional behavior.

• Sys eng. Understand the relation-
ship between SE and systems engi-
neering (sys eng) and apply sys eng 
principles and practices to SE.

• Team. Be an effective team mem-
ber on both multinational and geo-
graphically distributed teams; ef-
fectively communicate both orally 
and in writing; and lead one area 
of project development, such as 
project management, requirements 
analysis, architecture, construction, 
or quality assurance.

• Reconcile. Be able to reconcile con-
fl icting project objectives and fi nd 
acceptable compromises within 
limitations of cost, time, knowl-
edge, risk, existing systems, and 
organizations.

• Perspective. Understand and ap-
preciate feasibility analysis, ne-
gotiation, and good stakeholder 
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FIGURE 1. Timeline showing the evolution of software engineering education. The � gure 

identi� es the key events, groups, and documents over the last 30 years that have in� uenced 

the acceptance and advancement of software engineering (SE) education.
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communication in a typical soft-
ware development environment, 
and perform those tasks well. Have 
effective work habits and be a 
leader.

• Learn. Be able to learn new mod-
els, techniques, and technologies 
as they emerge and appreciate the 
necessity of such continuing profes-
sional development.

• Tech. Be able to analyze a current 
signifi cant software technology, 
articulate its strengths and weak-
nesses, compare it to alternative 
technologies, and specify and pro-
mote improvements or extensions 
to that technology.

Notice that the outcomes strike a bal-
ance between technical and nontechni-
cal skills. While “CBOK,” “domain,” 
“depth,” “sys eng,” and “tech” are pri-
marily technical in nature, “ethics,” 
“team,” “reconcile,” “perspective,” and 
“learn” emphasize nontechnical capa-

bilities and would be important to any 
modern engineering discipline.

Entry Prerequisites
In concert with developing stu-

dent outcomes, the project team de-
termined a baseline of what educators 
should expect about student capabil-
ity upon entry to a GSwE program 
to achieve these outcomes. Conse-
quently, the GSwE2009 Graduate 
Software Engineering Reference Cur-
riculum (GSwERC) presumes that an 
entering student meets the following 
prerequisites: 

• The equivalent of an undergradu-
ate degree in computing or an un-
dergraduate degree in an engineer-
ing or scientifi c fi eld with a minor 
in computing. The expected knowl-
edge from such a degree, specifi ed 
in the GSwE2009 document, con-
sists of mathematics and computing 
fundamentals.

• The equivalent of an introductory 
course in SE.

• At least two years of practical expe-
rience in some aspect of SE or soft-
ware development. This experience 
should include team participation, 
development of a successfully de-
livered program or component, and 
an update or repair to an existing 
program or component.

Note that these baseline expecta-
tions aren’t admission requirements, 
which are set by individual universi-
ties and programs. However, deviations 
from these expectations could require 
lengthening the program to achieve the 
outcomes. A student can compensate 
for the lack of a formal education by 
more extensive experience; a univer-
sity can offer a student lacking certain 
knowledge or skills an opportunity to 
take additional leveling courses; or a 
student lacking experience can take an 
internship or follow some other means 
to gain that experience while in the de-
gree program.

Architecture and CBOK
The architectural model in Figure 2 de-
picts the structure of the GSwE2009 
curriculum. It identifi es, via the CBOK, 
the minimal material that all programs 
should include and makes provisions 
for each institution to develop its own 
programs. The curriculum architecture 
is similar to the one Mark Ardis and 
Gary Ford proposed1 and is compatible 
with the existing master’s programs for 
which Arthur Pyster and his colleagues 
describe the course and curriculum 
data.11 It’s intended to provide a struc-
tural basis for programs that deliver the 
GSwE2009 outcomes.

The curriculum architecture in-
cludes preparatory material, core 
materials, university-specifi c materi-
als, elective materials, and a capstone 
experience. The heavy black line in 
Figure 2 represents the baseline pre-
paratory knowledge for students in 

Baseline:
expected capability of CS and SE grads

Bachelor’s of science in electrical 
engineering (BSEE) and computer 
science (BSCS) grads 

BSSE and
BSCS grads 

BS + extensive
experience

Other degree, some experience

Old degree, recent experience

Business grads 

Prep
material

Core
materials

Elective
materials

University-speci�c
materials

Course 2

Course 1

Capstone experience

FIGURE 2. Architectural structure of a Graduate Software Engineering 2009 (GSwE2009) 

master’s program showing key components and how they’re related. The architectural 

components include preparation expectations, core materials, university-speci� c materials, 

electives, and a capstone experience component.
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a GSwE2009 master’s program. For 
example, a student could achieve the 
preparation through an undergradu-
ate computing or engineering degree 
(bachelor’s of science in computer en-
gineering, computer science, electrical 
engineering, or SE), plus two years of 
software development experience. Stu-
dents master the material below the 
heavy black line after achieving the 
baseline preparation. Individual pro-
grams will determine how to prepare 
students whose background falls short; 
the “prep material” element above the 
expectations line represents this addi-
tional preparation.

GSwE2009 strongly recommends 
that students demonstrate their ac-
cumulated skills and knowledge in a 
capstone experience, which might be 
a project, a practicum, or a thesis. Stu-
dents completing the curriculum must 
understand and appreciate the impor-
tance of negotiation, effective work 
habits, leadership, and good commu-
nication with stakeholders in a typical 
software development environment. 

The content primarily consists of 
the CBOK and its extensions, which 
are strongly related to the outcomes 
“CBOK,” “domain,” “depth,” “sys 
eng,” “ethics,” and “reconcile.” Fig-
ure 3 depicts the organization of the 
CBOK, designating the percentage 
of curriculum content for each core 
area. Notice that the CBOK occupies 
approximately 50 percent of the cur-
riculum, allowing fl exibility and spe-
cialization in curriculum design and 
permitting its extension to support out-
comes domain and depth.

The primary source for developing 
the CBOK was the SE body of knowl-
edge (SWEBOK).5 The project team 
also derived knowledge elements from 
Software Engineering 20048 and other 
sources.12–14 In the study and analysis 
of these sources, the project team de-
cided that although the SWEBOK or-
ganization and content would domi-
nate, they needed to make changes in 

various areas and topics to support 
the GSwE2009’s expected student out-
comes and accommodate the needs and 
views of academia, industry, and the 
professional computing societies. Thus, 
GSwE2009 includes two knowledge ar-
eas that aren’t in the current version of 
the SWEBOK: systems engineering fun-
damentals, and ethics and professional 
conduct.

GSwE2009 Development
The GSwE2009 project team formed 
in summer 2007 and worked for two 
years on the curriculum guidelines. Fig-
ure 4 shows a timeline for GSwE2009 
development.

Through teleconferences and face-
to-face meetings, the team pursued proj-
ect activities and deliverables. The team 
began by studying various source docu-
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FIGURE 3. Core body of knowledge (CBOK) organization showing the percentage of 

curriculum content for a Graduate Software Engineering 2009 (GSwE2009) master’s program. 

Note that CBOK occupies approximately 50 percent of the curriculum, allowing � exibility and 

specialization in curriculum design. 

FIGURE 4. Graduate Software Engineering 2009 (GSwE2009) timeline listing the project 

periods and dates devoted to surveying and analysis, guideline development, and version 

releases and reviews.



62	 IEEE SOFTWARE  | WWW.COMPUTER.ORG/SOFTWARE

FOCUS: MULTIPARADIGM PROGRAMMING

FOCUS: MULTIPARADIGM PROGRAMMING

FOCUS: MULTIPARADIGM PROGRAMMING

FOCUS
MULTIPARADIGM 
PROGRAMMING

FOCUS MULTIPARADIGM PROGRAMMING

FEATURE: SOFTWARE DEGREE PROGRAMS

ments and existing master’s of software 
engineering (MSE) programs.11 Next, 
it developed project guiding principles, 
and then, using these principles, estab-
lished the outcomes that GSwE gradu-
ates must achieve. Concurrent to and 
interacting with the development of the 
student outcomes, the team determined 
the background a student must have 
to succeed in a GSwE program. Subse-
quently, the guidelines, outcomes, and 
expected student background proved 
to be the principal source for guidance 
and control of GSwE work.

The preparatory knowledge for 
GSwE2009 was a foundation element 
in the development of the CBOK—the 
key component in the GSwE2009 cur-
riculum’s architecture. The process 
of establishing the CBOK and the ar-
chitecture was interactive: the project 
team initiated and refined these two 
crucial GSwE components through a 
set of versions that the project subteams 
shared, reviewed, discussed, modified, 
and then finalized into a full, approved 
internal version.

Next, more than 100 reviewers from 
academia, government, and indus-
try participated in an external review 
of the various GSwE releases listed in 
Figure 4. The project team assembled, 
organized, and assigned reviewer com-
ments to the appropriate subteam for 
disposition, which it then resolved in 
a public and transparent manner. Sub-
team recommendations for address-
ing review comments were presented 
and discussed at a full team project 
meeting. The team then revised the 
initial version and prepared the final 
GSwE2009 document.

T he GSwE2009 document is 
the initial step in advancing 
professional SE by enhanc-

ing graduate SE education programs. 
For GSwE2009 to succeed, the model 
must be available, understood by the 
targeted academic and industrial com-

munities, viewed as a key reference for 
SE curriculum development, and actu-
ally used in the development and modi-
fication of software-assurance-focused 
curricula. The sponsorship status of 
GSwE2009 with the ACM and the 
IEEE CS is a critical step in advancing 
these goals.

The project has initiated a study 
of existing MSE programs to deter-
mine how closely they align with 
GSwE2009.15 Most of these programs 
have curricula that are consistent with 
almost all the GSwE2009 recommen-
dations. We have anecdotal evidence 
that some programs are modifying 
their curricula to more fully agree 
with GSwE2009. We’re also conduct-
ing a survey to determine whether 
the software industry’s needs are best 
met by students who accomplish the 
GSwE2009 outcomes.

We encourage stakeholders in pro-
fessional SE education (managers, prac-
titioners, and educators) to become in-
volved in this effort: download the full 
document; read and study it; share your 
views with your colleagues; and pro-
mote or lead an effort to create a new 
program or enhance an existing one us-
ing GSWE2009 guidance.
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