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Preface 

Software engineering (SwE) is ñthe application of a systematic, disciplined, quantifiable 

approach to the development, operation, and maintenance of software.ò
1
 SwE principles and 

practices are essential for the development of large, complex, or trustworthy systems. In 1989 the 

Software Engineering Institute (SEI) published a set of recommendations for creating curricula 

for masterôs programs in SwE.
2
 Those recommendations were highly regarded and used by many 

universities in shaping their graduate SwE programs. 

Since 1989 the way software is developed has changed dramatically. Softwareôs scale, 

complexity, and criticality have mushroomed, yet no significant effort has been made to revisit 

and update the original SEI recommendations. (An updated report was published in 1991, but the 

curriculum recommendations were virtually unchanged.) In 2007, a coalition from academia, 

industry, government, and professional societies formed the Integrated Software and Systems 

Engineering Curriculum (iSSEc) project to create a reference curriculum
3
 that reflects current 

development practices and the greater role of software in todayôs systems. The U.S. Department 

of Defenseôs (DoD) Office of the Secretary of Defense (OSD) is the principal iSSEc sponsor, 

motivated by the many challenges in acquiring, operating, and maintaining defense systems 

whose functionality and performance depend heavily on tractable and cost-effective software. 

Graduate Software Engineering 2009 (GSwE2009): Curriculum Guidelines for Graduate 

Degree Programs in Software Engineering is the first product of the iSSEc project. Until August 

2009 it was called the Graduate Software Engineering Reference Curriculum (GSwERC). 

GSwE2009 primarily addresses the education of students for a professional masterôs degree in 

SwEðthat is, a degree intended for someone who is primarily interested in pursuing a career in 

the practice of SwE and who is not necessarily interested in pursuing a doctorate in SwE or a 

related field. Typically, such students are already (a) professional software engineers employed 

by industry or government and who lack a formal graduate education in SwE, or (b) 

professionals in another field who are making a career change into SwE. In some cases, those 

students will be fresh graduates with a bachelorôs degree with little or no experience. Their lack 

of experience is a challenge in realizing the educational outcomes identified in GSwE2009ða 

concern that is explored in several places in this document. 

                                                

1  IEEE STD 610.12-1990, IEEE Standard Glossary of Software Engineering Terminology, IEEE Computer Society, 

1990. 

2  Ardis, M. and Ford, G. SEI Report on Graduate Software Engineering Education, CMU/SEI 89-TR-21, Software 
Engineering Institute, Carnegie Mellon University, June 1989. 

3  A reference curriculum is a set of outcomes, entrance expectations, architecture, and a body of knowledge that 

provide guidance for faculty who are designing and updating their programs. That guidance is intentionally 

flexible so that faculty can adopt and adapt it based on local programmatic needs. A reference curriculum is not 

intended to be used directly for program certification or accreditation. 
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GSwE2009 was created to: 

Ɇ Improve existing graduate programs in SwE from the viewpoint of universities, students, 

graduates, software builders, and software buyers; 

Ɇ Enable the formation of new graduate programs in SwE by providing guidelines on 

curriculum content and advice on how to implement those guidelines; and 

Ɇ Support increased enrollment in graduate SwE programs by increasing the value of those 

programs to potential students and employers. 

GSwE2009 builds on the SEI curriculum foundations plus those of other initiatives, such as the 

Guide to the Software Engineering Body of Knowledge (SWEBOK)
4
 and Software Engineering 

2004: Curriculum Guidelines for Undergraduate Degree Programs in Software Engineering 

(SE2004)
5
. iSSEc followed an iterative, evolutionary approach in creating GSwE2009, beginning 

with the formation of an Early Start Team (EST) of authors, since renamed the Curriculum 

Author Team (CAT). First established in July 2007, the CAT is a set of invited experts from 

industry, government, academia, and professional associations. CAT membership grew as 

GSwE2009 matured.  

The CAT met in workshops approximately every three months between August 2007 and 

September 2009, leading to the release of GSwERC 0.25 in February 2008, GSwERC 0.5 in 

October 2008, and GSwE2009 1.0 in September 2009. The SwE community was invited to 

review versions 0.25 and 0.5 to provide the necessary feedback to develop the current version 

(1.0). The review of version 0.5 generated more than 800 individual review comments, which 

were adjudicated for use in creating version 1.0. The detailed comments and their adjudication 

can be found at www.GSwE2009.org. 

Professional society participation in the creation of GSwE2009 has been essential to ensuring 

that GSwE2009 will have the desired impact on global graduate education. Both the International 

Council on Systems Engineering (INCOSE) and the U.S. National Defense Industrial 

Association (NDIA) Systems Engineering Division were early participants in GSwE2009, and 

each contributed authors. In 2008, the Institute of Electrical and Electronics Engineers (IEEE) 

Computer Society Education Activities Board became an official participant. In 2009, that 

participation elevated to the Computer Society level and both the Association for Computing 

Machinery (ACM) and the Brazilian Computer Society (BCS) also chose to participate. 

Discussions are underway with the ACM, IEEE Computer Society, and INCOSE in the hope that 

they will jointly take on the evolution and maintenance of GSwE2009. Finally, GSwE2009ôs 

                                                

4  SWEBOK, Guide to the Software Engineering Body of Knowledge, P. Bourque & R. Dupuis (Eds.), IEEE 

Computer Society Press, 2004. 

5  ACM/IEEE-CS Joint Task Force on Computer Curricula, Software Engineering 2004, Curriculum Guidelines for 

Undergraduate Degree Programs in Software Engineering, August 2004. 
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success has motivated the start of related efforts to create a Systems Engineering Body of 

Knowledge and a Graduate Systems Engineering Reference Curriculumðeach with an 

ñappropriateò amount of SwE perspective and content. Those efforts should lead to version 1.0 

products in 2012. 

The following authors contributed to the creation of GSwE2009: 

1. Rick Adcock, Cranfield University and INCOSE 

representative, UK 

2. Edward Alef, General Motors, USA 

3. Bruce Amato, Department of Defense, USA 

4. Mark Ardis, Stevens Institute of Technology, 

USA 

5. Larry Bernstein, Stevens Institute of Technology 

USA 

6. Barry Boehm, University of Southern California, 

USA 

7. Pierre Bourque, École de Technologie 

Supérieure and SWEBOK volunteer, Canada 

8. John Brackett, Boston University, USA 

9. Murray Cantor, IBM, USA 

10. Lillian Cassel, Villanova and ACM 

representative, USA 

11. Robert Edson, Analytic Services Inc., USA 

12. Richard Fairley, Colorado Technical University, 

USA 

13. Dennis Frailey, Raytheon and Southern 

Methodist University, USA 

14. Gary Hafen, Lockheed Martin and NDIA, USA 

15. Thomas Hilburn, Embry-Riddle Aeronautical 

University, USA 

16. Greg Hislop, Drexel University and IEEE 

Computer Society representative, USA 

17. David Klappholz, Stevens Institute of 

Technology, USA 

18. Philippe Kruchten, University of British 

Columbia, Canada 

19. Phil Laplante, Pennsylvania State University, 

Great Valley, USA 

20. Qiaoyun (Liz) Li, Wuhan University, China 

21. Scott Lucero, Department of Defense, USA 

 

22. John McDermid, University of York, UK 

23. James McDonald, Monmouth University, USA  

24. Ernest McDuffie, National Coordination 

Office for NITRD, USA 

25. Bret Michael, Naval Postgraduate School, 

USA 

26. William Milam, Ford, USA 

27. Ken Nidiffer, Software Engineering Institute, 

USA 

28. Art Pyster, Stevens Institute of Technology, 

USA 

29. Paul Robitaille, Lockheed Martin & INCOSE 

representative, USA 

30. Mary Shaw, Carnegie Mellon University, USA 

31. Sarah Sheard, Third Millenium Systems, USA 

32. Robert Suritis, IBM, USA 

33. Massood Towhidnejad, Embry-Riddle 

Aeronautical University, USA 

34. Richard Thayer, California State University at 

Sacramento, USA 

35. J. Barrie Thompson, University of 

Sunderland, UK 

36. Guilherme Travassos, Brazilian Computer 

Society, Brazil 

37. Richard Turner, Stevens Institute of 

Technology, USA 

38. Joseph Urban, Texas Tech University, USA 

39. Ricardo Valerdi, MIT & INCOSE 

representative, USA 

40. Osmo Vikman, Nokia, Finland 

41. David Weiss, Avaya, USA 

42. Mary Jane Willshire, Colorado Technical 

University, USA 
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Executive Summary 

The Graduate Software Engineering 2009 (GSwE2009): Curriculum Guidelines for Graduate 

Degree Programs in Software Engineering is a set of recommendations for a masterôs level 

graduate program in software engineering (SwE), together with implementation guidance for a 

university to satisfy those recommendations. Earlier versions of this work were called the 

Graduate Software Engineering Reference Curriculum (GSwERC). 

The program described by GSwE2009 is for a professional masterôs degree, analogous in many 

ways to a masterôs of business administration. GSwE2009 is envisioned as a living document 

that will be revisited regularly and updated when necessary to ensure relevance to the rapidly 

evolving software engineering discipline. This document includes the curriculum 

recommendations and materials describing their creation, implementation, and evolution. 

GSwE2009 includes the following: 

Ɇ A set of outcomes to be fulfilled by a student who successfully completes a graduate 

program based on the curriculum (see summary below) 

Ɇ A set of student skills, knowledge, and experience assumed by the curriculum, not 

intended as entrance requirements for a specific program, but as the starting point for the 

curriculumôs outcomes (see summary below) 

Ɇ An architectural framework to support implementation of the curriculum 

Ɇ A description of the fundamental or core skills, knowledge, and experience to be taught 

in the curriculum to achieve the outcomes. This is termed a Core Body of Knowledge 

(CBOK) and includes topic areas and the depth of understanding a student should 

achieve. 

Additional materials included in this document: 

Ɇ The fundamental philosophy for GSwE2009 development as described in a set of guiding 

principles (see summary below) 

Ɇ A discussion of how GSwE2009 will evolve to remain effective 

Ɇ A mapping of expected outcomes to the CBOK and to the total GSwE2009 program 

recommendations 

Ɇ A description of Knowledge Areas (KAs) discussed in GSwE2009 that are not yet fully 

integrated into the current version of the Software Engineering Body of Knowledge 

(SWEBOK) 

Ɇ Glossary, references, and other supporting material. 

 

Summary of Guidance for Creating GSwE2009 

The following guidance, established early in the development of GSwE2009, came primarily 
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from SE2004
6
 and the deliberations of the GSwE2009 authors. 

Ɇ Create a set of recommendations for developing and improving curricula for masterôs level 

software engineering education. 

Ɇ Target a professional degree for practicing software engineers. 

Ɇ Require about as many credit hours as typical programs do now.  

Ɇ Recognize software engineering as a distinct discipline with a rich body of knowledge, 

practice, and theory.  

Ɇ Recognize that software engineering is founded on a wide variety of disciplines, with 

deepening ties to Systems Engineering (SE). 

Ɇ Require that all software engineering students be able to integrate theory and practice. 

Ɇ Foster ongoing review and revision of the curriculum because of rapid evolution in 

software engineering. 

Ɇ Be sensitive to changes in technologies, practices, applications, pedagogy, and the 

importance of lifelong learning. 

Ɇ Offer significant guidance in individual curriculum components through a CBOK that all 

students are expected to master. 

Ɇ Identify fundamental skills and knowledge that all software engineering masterôs program 

graduates must possess. 

Ɇ Use a flexible curriculum architecture and recognize existing bodies of knowledge, 

modified and enhanced as required. 

Ɇ Limit common knowledge required for all students to no more than 50% of total 

knowledge taught. 

Ɇ Be broadly based and international in scope. 

Ɇ Include exposure to aspects of professional practice as an integral component of the 

graduate curriculum. 

Ɇ State strategies and tactics for implementation. 

Ɇ Distinguish clearly between SE2004 and GSwE2009. 

Ɇ Identify expected knowledge and experience for students to enter a masterôs program in 

software engineering. 

                                                

6  ACM/IEEE-CS Joint Task Force on Computer Curricula, Software Engineering 2004, Curriculum Guidelines for 

Undergraduate Degree Programs in Software Engineering, August 2004.  
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Summary of Outcomes 

Graduates of a masterôs program that satisfies GSwE2009 recommendations will:  

Ɇ Master the CBOK. 

Ɇ Master software engineering in at least one application domain, such as finance, medical, 

transportation, or telecommunications, and one application type, such as real-time, 

embedded, safety-critical, or highly distributed systems. That mastery includes 

understanding how differences in domain and type manifest themselves in both the software 

itself and in its engineering, and includes understanding how to learn a new application 

domain or type. 

Ɇ Master at least one KA or sub-area from the CBOK to at least the Bloom Synthesis level. 

Ɇ Be able to make ethical professional decisions and practice ethical professional behavior. 

Ɇ Understand the relationship between SwE and SE and be able to apply SE principles and 

practices in the engineering of software. 

Ɇ Be an effective member of a team, including teams that are international and geographically 

distributed, effectively communicate both orally and in writing, and lead in one area of 

project development, such as project management, requirements analysis, architecture, 

construction, or quality assurance. 

Ɇ Be able to reconcile conflicting project objectives, finding acceptable compromises within 

limitations of cost, time, knowledge, existing systems, and organizations. 

Ɇ Understand and appreciate feasibility analysis, negotiation, and good communications with 

stakeholders in a typical software development environment, and be able to perform those 

tasks well; have effective work habits and be a leader. 

Ɇ Be able to learn new models, techniques, and technologies as they emerge, and appreciate 

the necessity of such continuing professional development. 

Ɇ Be able to analyze a current significant software technology, articulate its strengths and 

weaknesses, compare it to alternative technologies, and specify and promote improvements 

or extensions to that technology. 

 

Summary of Expected Background 

GSwE2009 presumes that an entering student has:  

Ɇ The equivalent of an undergraduate degree in computing or an undergraduate degree in 

an engineering or scientific field and a minor in computing,  
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Ɇ The equivalent of an introductory course in software engineering, and 

Ɇ At least two years of practical experience in some aspect of software engineering or 

software development. 

These presumptions about entering students are designed to achieve the 10 outcomes previously 

described. However, it is recognized that individual schools may start with a student population 

that has characteristics that are different from what GSwE2009 presumes here. Such schools will 

likely have to lengthen their masterôs programs in order for their students to achieve all 10 

outcomesðor the schools will deliberately choose not to adopt some outcomes. In fact, schools 

may even add other outcomes to favor their particular markets and institutional emphases. 

GSwE2009 is not intended for use to certify or accredit either programs or individuals. It is a set 

of recommendations that must be tailored by each adopting university.  

The process of developing this report has been highly inclusive. It has been widely reviewed by 

academics and practitioners through a public draft process. We have also held feedback sessions 

at conferences and meetings, including the annual American Society for Engineering Education 

(ASEE) meeting, the International Symposium of the International Council on Systems 

Engineering (INCOSE), the International Conference on Software Engineering (ICSE), the 

Conference on Software Engineering Education and Training (CSEET), and various smaller 

meetings in Europe, Asia, and various parts of the United States. These meetings have provided 

us with critically important feedback that we have used to shape the final report. 

From the beginning it was intended for GSwE2009 to be a living document, with a broad, 

responsible, and knowledgeable community of practice. It was anticipated that after Version 1.0 

was published, Stevens Institute of Technology, which has managed the original development, 

would identify a steward who would assume responsibility for maintaining and refining the 

model and expanding and focusing implementation guidance based on experience and feedback 

from the supporting community and academia, industry, and students. Effort is now underway 

for a combination of the ACM and the IEEE Computer Society to become that steward. As of the 

writing of this document, discussions are underway for those two organizations to take over 

maintenance responsibility for GSwE2009 within the first 6 months of the release of Version 1.0, 

with INCOSE playing a supporting role.  

To support and enable wide acceptance of GSwE2009, two companion documentsð 

Comparisons of GSwE2009 to Current Masterôs Programs in Software Engineering and 

Frequently Asked Questions on Implementing GSwE2009ï are being prepared concurrently with 

the release of GSwE2009.  They will be available in Fall 2009 at www.GSwE2009.org and 

updated regularly. 

 

 

http://www.gswe2009.org/
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1. Introduction  

Software is a critical component in new products worldwideðoften the critical component 

distinguishing products in the marketplace. Software enables technological advances that lead to 

new, high-performance products and systems in every commercial sector, including medical 

devices, automobiles, aircraft, power generation systems, mobile phones, and entertainment 

systems. Automobiles now have millions of lines of embedded code, enabling everything from 

voice-activated navigation systems for convenience, to anti-lock brake systems for safety, to 

engine control for fuel efficiency. In fact, one of the primary ways manufacturers now 

differentiate their cars is through functionality implemented largely through sophisticated 

software, such as Global Positioning System (GPS) navigation systems. 

As product and system functionality grow, so does the need to efficiently and correctly 

implement the complex software that enables that growth. Sophisticated systems are critical for 

any large company or government agency in managing their projects and organizations. Such 

systems support essential business and technical processes, such as recordkeeping and data 

warehousing, logistics, manufacturing, coordination with suppliers, and customer relationship 

management. Systems engineers (not always by that name) are typically responsible for the 

design and development of such complex systems, but because a large part of the functionality is 

usually implemented in software today, a large part of the implementation responsibility 

typically falls on software engineers. Indeed, the fields of SwE and systems engineering (SE) are 

becoming increasingly intertwined and it is vital that corresponding educational programs reflect 

this. 

Because of software complexity and the inherent difficulties of software development, most of 

the ñsurprisesò that occur during system integration, and after product shipment and system 

deployment, can be traced back to incorrect software implementation and integration, such as 

poor requirements or faulty software upgrades in the field. Often these problems show up as 

interoperability issues between system components that otherwise seem correct in isolation. The 

common practice of repurposing legacy software for new applications simply adds to the 

challenges. Robert Glass,
7,8

 Nancy Leveson,
9,10

 and others have documented countless examples 

of failures resulting from poor SwE and/or poor communication between systems and software 

                                                

7  Glass, R. L., Computing Calamities: Monumental Computing Disasters, Prentice Hall Professional Technical 

Reference, 1998. 

8
  Glass, R. L., Software Runaways: Monumental Software Disasters, Prentice Hall Professional Technical 

Reference, 1997.  

9  Leveson, N. G., Safeware: Systems Safety and Computers, Addison-Wesley, 1995. 

10 Leveson, N. G., ñThe Role of Software in Spacecraft Accidentsò. AIAA Journal of Spacecraft and Rockets, 41(4), 

July 2004. 
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engineers. The U.S. Government Accountability Office
11,12,13

 regularly issues reports recounting 

the challenges the U.S. government faces in creating large-scale, reliable, software-intensive 

systems on schedule, on budget, and with expected functionality.  

SE is the discipline through which large-scale, trustworthy, and complex systems are developed, 

while SwE is the discipline by which the software portions of these systems are developed. Many 

universities teach SE and SwE at the undergraduate level. Over the years, a few well-known 

efforts have created guidelines and sample curriculum for SwE. Most notably, more than 100 

colleges and universities helped create curriculum guidelines for undergraduate SwE education 

that the ACM and IEEE Computer Society published in SE2004. Many universities offer a 

masterôs degree in SE and/or SwE, but there are no widely accepted curriculum guidelines for 

graduate education in SE (although INCOSE has published a high-level curriculum
14

). In 1989 

the Software Engineering Institute (SEI) of Carnegie Mellon University published a landmark 

report on graduate education in SwE.
15

 A fresh look at curriculum guidance in these fields is in 

order, considering the reliance of the world economy on the quality of senior SE and SwE 

professionals, the dramatic changes that the Internet has brought about in how software is 

created, and continuing global problems in producing satisfactory software. 

The iSSEc (Integrated Software and Systems Engineering Curriculum) project was formed in 

July 2007 to create and promulgate a series of graduate-level reference curricula
16

 related to SwE 

and SE. Led by Stevens Institute of Technology with dozens of experts from other universities, 

industry, government, and professional societies, iSSEcôs first product is this volume, Graduate 

Software Engineering 2009 (GSwE2009): Curriculum Guidelines for Graduate Degree 

Programs in Software Engineering, reflecting new understandings in how to build software, how 

SwE depends on SE, and how SwE education is influenced by application domains, such as 

telecommunications and defense systems. A study of existing graduate programs in SwE 

                                                

11 GAO, Defense Acquisitions: Assessment of Selected Major Weapons Programs, U.S. Government Accountability 

Office, GAO-08-467SP, March 2008. 

12 GAO, Information Technology:  Inconsistent Software Acquisition Processes at the Defense Logistics Agency 

Increase Project Risks, U.S. Government Accountability Office, GAO-02-9, January 2002. 

13 GAO, Information Security: Agencies Face Challenges in Implementing Effective Software Patch Management 

Processes, U.S. Government Accountability Office, GAO-04-816T, June 2004. 

14 Jain, R. and Verma, D., A Report on Curriculum Content for a Graduate Program in Systems Engineering: A 

Proposed Framework, INCOSE International Symposium, 2007. 

15 Ardis, M. and Ford, G., SEI Report on Graduate Software Engineering Education, CMU/SEI 89-TR-21, Software 
Engineering Institute, Carnegie Mellon University, June 1989. 

16 A reference curriculum is a set of outcomes, entrance expectations, architecture, and a body of knowledge that 

provide guidance for faculty who are designing and updating their programs. That guidance is intentionally 

flexible so that faculty can adopt and adapt it based on local programmatic needs. A reference curriculum is not 

intended to be used directly for program certification. 
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revealed their diversity and helps motivate GSwE2009.
17

 (A short version of the study report is 

included in Appendix A.) Prior to August 2009, GSwE2009 was known as the Graduate 

Software Engineering Reference Curriculum (GSwERC). 

GSwE2009 is targeted at a university education leading to a professional masterôs degree in 

SwEðthat is, a degree intended for someone who will either enter the workforce as a software 

engineer or someone who is already in the workforce and is seeking to gain a formal education in 

SwE to advance his or her career. GSwE2009 does not explicitly target graduate programs for 

those who seek a doctorate and a career in research. In some cases, entering students will be 

fresh graduates with a bachelorôs degree with little or no experience. Their lack of experience is 

a challenge in realizing the educational outcomes identified in GSwE2009ða challenge that is 

explored in several places in this document. 

There is tremendous diversity in markets that universities serve, educational systems in which 

universities operate, accreditation programs, size of student body and faculty, and many other 

factors that affect program content and delivery. GSwE2009 respects and enables that diversity. 

GSwE2009 is a broad set of recommendations to guide universities in building and updating 

their graduate programs. As a reference curriculum, it identifies a core that should be included in 

all programs and an extensive envelope that allows and encourages variation among programs. It 

provides wide flexibility in how those recommendations are implemented: for example, 

GSwE2009 includes a core body of knowledge (CBOK) that all students should master (Section 

6), but GSwE2009 does not prescribe a particular course
18

 packaging to deliver them. 

Reflecting its purpose as part of a reference curriculum, the CBOK has been limited in scope so 

that a student should spend no more than half of his or her class time learning it. This gives both 

individual universities and students a great deal of flexibility in how they round out the masterôs 

program to achieve GSwE2009 outcomes, as well as achieve university and individual outcomes. 

Two companion documents aid faculty in adapting and adopting GSwE2009. The first of these 

documents, Comparisons of GSwE2009 to Current Masterôs Programs in Software Engineering, 

explains how well current university programs align with GSwE2009 recommendations. The 

second companion document, Frequently Asked Questions on Implementing GSwE2009, offers 

specific advice on such topics as identifying faculty who are best able to teach classes that 

implement GSwE2009 recommendations. 

                                                

17 Pyster, A., et al., ñMasterôs Degrees in Software Engineering: An Analysis of 28 University Programs,ò IEEE 
Software, September-October 2009, 94-101. 

18 The term course refers to a collection of materials, exercises, and assessments for which academic credit is 

awarded. A program is a collection of courses leading to a degreeðthe specific interest here being in a masterôs 

degree. Often programs have one or more specific orientations called tracks that allow a student to specialize in an 

area of interest such as real-time systems, security, or Web applications. 
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Despite the freedom that universities have in how they implement GSwE2009, there are several 

constants. For example, a program that fully satisfies GSwE2009 recommendations will enable 

its students to achieve all the outcomes listed in Section 3 and will follow the curriculum 

architecture found in Section 5. 

This document, which provides the GSwE2009 recommendations, has six sections: 

 Section 1 is this introduction. 

 Section 2 contains general guidance for those who authored and will maintain 

GSwE2009. 

 Section 3 states the outcomes that a student is expected to achieve immediately upon 

graduation. 

 Section 4 explains the background that students are expected to have when entering a 

masterôs program that satisfies GSwE2009 recommendations. 

 Section 5 presents the curriculum architecture that any curriculum following these 

guidelines should satisfy. That architecture supports three levels of knowledgeð

knowledge that all students should master in every university, knowledge that an 

individual university program requires for its students, and knowledge that an individual 

student elects to learn. 

 Section 6 is the CBOK that all students in every university should learn. It includes 

specific knowledge units and the expected Bloom level for each unit. The Bloom 

Taxonomy offers a six-level scale for competency mastery that is commonly used for 

curriculum development, further elaborated in Appendix B. Most knowledge units are 

based on SWEBOK, but others have been added where the Curriculum Author Team 

(CAT) felt the SWEBOK omitted critical material. 
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2. Guidance for the Construction and Maintenance of GSwE2009 

This section describes the foundational guidance used when developing GSwE2009ðthe 

guiding principles, assumptions, and context for the entire GSwE2009 effort. The 17 numbered 

guidance statements are primarily written in future tense, reflecting their role as requirements for 

the GSwE2009 development effort. The elaboration following each guidance statement speaks to 

how GSwE2009 satisfies those requirements.  

The guidance was strongly influenced by the principles stated in SE2004; in some cases, it  

repeats verbatim the wording of those principles. Differences arise primarily by distinguishing 

the higher expectations of graduate education from those of undergraduate education and by 

more explicitly recognizing how the SwE discipline ties to other disciplines, notably SE. 

Moreover, we recognize that this guidance is, in many cases, not unique to SwE curricula. It is 

valid for virtually all engineering disciplines. For example, guidance statement [6] is ñAll SwE 

students must learn to integrate theory and practice.ò Substituting ñmechanical,ò ñelectrical,ò or 

any other engineering discipline for ñsoftwareò would not change its validity. Nevertheless, these 

statements were helpful to those developing GSwE2009 and are therefore included here. Note 

that these statements are numbered for ease of reference only. The numbering does not signify 

relative importance. 

[1] The principal purpose of GSwE2009 will be to provide a set of tailorable recommendations 

for developing and improving curricula that provide software engineering education at the 

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

GSwE2009 supports the needs of industry and government for software engineers by 

helping universities equip software engineers with the most current theory and practice, 

and helping them develop their ability to lead in addressing the future challenges of 

software development. GSwE2009 is a reference curriculum, not a single definitive 

curriculum. It provides a set of common recommendations for faculty at different 

universities to use when constructing individual curricula for a masterôs degree in SwEðit 

should be tailored to each program. Universities give their degrees different names, often 

with no pedagogical implications; e.g., Stevens Institute of Technology offers a Master of 

Science (MS) in Software Engineering, while Embry-Riddle Aeronautical University offers 

a Master of Software Engineering (MSE). GSwE2009 is suitable for programs that educate 

software engineers regardless of the degree name. 

GSwE2009 should not be used to score, appraise, accredit, or certify programs for 

compliance. Phrases such as ñGSwE2009-compliantò are not used herein. Instead, the 

softer term ñsatisfies GSwE2009 recommendationsò periodically appears. The latter term 

has no precise meaning, but is intended for a program that follows most GSwE2009 

recommendations. The program may deviate from some recommendations: for example, a 

program may choose to omit some of the 10 outcomes found in Section 3,or even add one 



   
10 

or two new outcomes based on local preferences. It may admit students who do not meet 

the entrance expectations found in Section 4. It may deviate from the recommendations in 

Section 6 on core knowledge that every graduate should master. Clearly, there is a point at 

which a university tailors too much. After all, GSwE2009 reflects the collective wisdom of 

a broad community of authors and reviewers about graduate SwE education. However, that 

point of ñtoo muchò tailoring is not precise and is not prescribed here.  

[2] The masterôs degree described by GSwE2009 will be a professional degree targeting 

practicing software engineers. With modification, GSwE2009 may serve as the foundation 

for those with a research interest who ultimately seek a doctoral degree; however, 

GSwE2009 is designed specifically to support professional degrees. 

The vast majority of students who earn a masterôs degree in SwE do not become 

researchers. They are practicing professionals or aspiring practicing professionals seeking 

to improve their skills and career opportunities. GSwE2009 will target practicing 

professionals because that is where the greatest need is. 

[3] A masterôs program that satisfies GSwE2009 should require about as many credits
19

 as 

typical programs do now.  

A minimum number of credits are necessary to convey the breadth and depth of the 

requisite knowledge and to develop the desired skills in students. Universities will 

individually decide how to package those credits into courses, although the two companion 

documents to GSwE2009 offer packaging observations and recommendations. The 2008 

study of 28 SwE graduate programs described in Appendix A and more fully in (Pyster, et. 

Al., 2009) that the average masterôs program requires between 33 and 36 graduate course 

credits, typically packaged into 11 or 12 3-credit semester courses using the common U.S. 

education model. This would roughly equate to 66 to 72 European Credit Transfer and 

Accumulation System (ECTS) credits for those universities following the Bologna 

Declaration.
20

 One graduate course credit nominally equates to approximately 13 to 14 

contact hours between faculty and student, plus homework. Full-time students normally 

complete such programs in 18 to 24 months. The need to achieve a masterôs level of 

professional achievement with this amount of study leads to expectations about what 

students should be capable of doing when entering a program that attempts to satisfy 

GSwE2009 recommendations. 

                                                

19 Typically, a program requires a certain number of credits for graduation, awarded by taking courses, each of 
which has an associated number of credits. Historically, the number of credits per course has often aligned with 

the number of hours of lecture per week, but with online and other non-traditional formats increasingly popular, 

the rules for assigning credits to a class have become more varied. 

20 Joint Declaration of the European Ministers of Education, ñThe European Higher Education Area,ò Convened in 
Bologna on June 19, 1999. 
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[4] Software engineering is a distinct discipline with a rich body of knowledge, practice, and 

theory.  

SwE does not have the long history of many other engineering disciplines, such as 

electrical and mechanical engineering. Nevertheless, SwE has matured relatively quickly. 

Since 1968, when the term ñsoftware engineeringò was coined, the discipline has spawned 

numerous journals, conferences, professional societies, undergraduate and graduate 

programs, professional certifications, bodies of knowledge, and standardsðall geared 

toward establishing broadly achievable levels of performance, all hallmarks of a scientific 

or engineering discipline.  

[5] Software engineering draws its foundations from a wide variety of disciplines, with 

deepening ties to systems engineering. 

GSwE2009 concentrates on the knowledge and pedagogy associated with a graduate SwE 

curriculum. Where appropriate, it shares or overlaps with material contained in other 

ACM/IEEE Computing Curriculum reports
21

 and it offers guidance on its incorporation 

into other disciplines. 

Graduate study in SwE relies on many areas in computer science for its theoretical and 

conceptual foundations, but it also draws from other fields, including statistics, logic, 

calculus, discrete mathematics, formal languages, and other mathematical specialties, and 

from economics, project management, general engineering, and one or more application 

domains. 

SE is a special case. In the past, many universities have made only cursory ties between 

SwE and SE, reflecting the ñold schoolò view that SE is driven by hardware considerations 

and SwE is just one of many ñspecialtyò disciplines. As explained in Section 1, that view 

no longer serves either the SE or the SwE communities well. GSwE2009 provides strong 

explicit linkage between SE and SwE. 

[6] All software engineering students must learn to integrate theory and practice. 

Students must be able to recognize the importance of abstraction and modeling for software 

architecture, design, and specification; to be able to acquire special domain knowledge 

beyond the computing discipline in order to support software development in specific 

domains of application; and to appreciate the value and attributes of good design. They 

should be expected to solve real-world problems, relying on the underlying principles 

taught in their graduate education. 

                                                

21 Shackelford, R., et al., Computing Curricula: 2005 Overview Report, ACM, 2006. 
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[7] The rapid evolution and professional nature of software engineering require ongoing 

review and revision of the corresponding curriculum. 

Universities, industry, and government, in cooperation with professional associations in 

this discipline, must establish an ongoing review process that allows individual components 

of the curriculum recommendations to be updated on a recurring basis. Also, because of the 

special professional responsibilities of software engineers to the public, the curriculum 

guidance could support and promote effective external assessment and accreditation of 

graduate SwE programs. Nevertheless, accreditation is outside the scope of GSwE2009, 

and it should not be used directly for accreditation. GSwE2009 is a snapshot of 

recommendations suitable for today and should define mechanisms for ongoing revision as 

SwE evolves. If current efforts to migrate the maintenance of GSwE2009 to the 

Association for Computing Machinery (ACM) and IEEE Computer Society are successful, 

the standards mechanisms those two professional societies operate should provide periodic 

revision of GSwE2009 as required.  

[8] GSwE2009 will be sensitive to changes in technologies, practices, and applications, new 

developments in pedagogy, and the importance of lifelong learning. 

The principles underlying SwE change relatively slowly, but the technology through which 

SwE is practiced keeps changing at breakneck speed. Educational institutions must adopt 

explicit strategies for responding to changing technology without being caught in the trap 

of simply ñtrainingò the latest technology. A key to this is organizing the curriculum 

around enduring principles and planning to change the example technologies regularly. 

Institutions must recognize the importance of remaining abreast of well-established 

progress in both technology and pedagogy, subject to the constraints of available resources. 

SwE education, moreover, must seek to prepare students for lifelong learning, which will 

enable them to move beyond todayôs technology to meet the challenges of the future. 

GSwE2009 reinforces that recognition and preparation by specific outcomes identified in 

Section 3. 

[9] GSwE2009 will go beyond knowledge elements to offer significant guidance on individual 

curriculum components. 

GSwE2009 assembles knowledge elements into reasonable, easily implemented learning 

units. Articulating a set of well-defined curriculum units makes it easier for institutions to 

share pedagogical strategies and tools. It also provides a framework for publishing 

textbooks and other materials. However, GSwE2009 does not mandate a specific way of 

aggregating those learning units into courses. Nevertheless, the two companion documents 

to GSwE2009 describe example implementations that show possible ways of constructing 

courses that satisfy GSwE2009 recommendations. 
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[10] GSwE2009 will identify the fundamental skills and knowledge that all graduates of a SwE 

masterôs degree program must possess. 

GSwE2009 defines 10 outcomes that all graduates should achieve. They range from the 

highly technical to ñsoft skillsò around communication and ethics. Additionally, 

GSwE2009 defines a specific CBOK that every student should master by graduation. That 

knowledge contributes to the 10 outcomes. However, only students who go well beyond 

the content of the CBOK can achieve the 10 outcomes.  

[11] GSwE2009 will be based on a flexible curriculum architecture and on recognized bodies of 

knowledge. The latter will be modified and enhanced as required. 

The description of CBOK will  be concise, appropriate for graduate education, and will  use 

the work of previous studies on relevant bodies of knowledge and curricula, especially 

(Ardis and Ford, 1989), SWEBOK, SE2004, and INCOSE
22

. A Guide to the Project 

Management Body of Knowledge (PMBOK
®
 Guide)

23
 was originally considered as a 

primary source document. However, in developing the CBOK, the CAT recognized that the 

SWEBOK already incorporated much of the relevant material from the PMBOK
®
 Guide 

and decided not to use the PMBOK
®
 Guide directly as a primary reference. 

As new studies emerge, they will be incorporated into subsequent versions of GSwE2009. 

For example, the IEEE Computer Society is now updating SWEBOK,
 
 and subsequent 

versions of GSwE2009 will incorporate those updates. Bodies of knowledge from related 

disciplines are included as appropriate, such as INCOSEôs Systems Engineering Body of 

Knowledge
24

 and especially the INCOSE Handbook
25

. 

[12] GSwE2009 will honor individual program and student flexibility by limiting the common 

knowledge required for all students to no more than 50% of the total knowledge taught in a 

masterôs program. 

The CBOK is recommended for all graduate SwE degrees. That core knowledge has broad 

acceptance by the SwE education community and related communities. Despite the 

tendency to squeeze more and more into the required core, GSwE2009 must accommodate 

wide variations in program focus and individual student interest. No more than 50% of the 

                                                

22 Jain, R., and Verma, D., A Report on Curriculum Content for a Graduate Program in Systems Engineering: A 

Proposed Framework, INCOSE International Symposium, 2007. 

23 Project Management Institute, A Guide to the Project Management Body of Knowledge (PMBOK® Guide), 3rd 
edition, 2004.   

24 INCOSE, Guide to Systems Engineering Body of Knowledge (G2SEBoK), International Council on Systems 

Engineering, 2004. 

25 Haskins, C. (ed.), INCOSE Systems Engineering Handbook, Version 3.1, INCOSE-TP-2003-002-03.1, August 

2007. 
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content of a masterôs program must be required in order to allow enough flexibility for 

universities and students. 

[13] GSwE2009 will be broadly based and international in scope. 

Despite the challenge that curricular requirements differ from country to country, 

GSwE2009 must be useful to SwE educators around the world. Where appropriate, every 

effort has been made to ensure that the curriculum recommendations are sensitive to 

national and cultural differences so that they are internationally applicable. The 

involvement by national computing societies and volunteers from all countries was actively 

sought and welcomed. Despite this effort, the clear majority of the GSwE2009 authors are 

from the United States. GSwERC 0.25 was sent for limited review to more than 100 

reviewers, who were chosen for their leading roles in SwE education and, in some cases, 

because they reside outside the United States. Additional international authors were 

recruited for GSwERC 0.50 to help avoid a U.S.-centric view. Faculty from outside the 

U.S. contributed analyses of their programs with respect to recommendations. Those 

analyses are in Comparisons of GSwE2009 to Current Masterôs Programs in Software 

Engineering. Finally, a review workshop was held in Hyderabad, India in February 2009, 

bringing in more perspectives from outside the U.S.  

[14] GSwE2009 will include exposure to non-technical aspects of professional practice as an 

integral component of the graduate curriculum. 

The professional practice of SwE encompasses a wide range of non-technical issues and 

activities, including general problem solving, management, ethical and legal concerns, 

written and oral communication, working as part of a team, and recognizing the need for 

other expertise in a rapidly changing discipline. Those issues and activities are explicitly 

recognized in several GSwE2009 outcomes expected of all graduating students. 

[15] GSwE2009 will include discussions of strategies and tactics for implementation, along with 

high-level recommendations. 

Although it is important for GSwE2009 to articulate a broad vision of SwE education, the 

success of any real university curriculum depends heavily on implementation details. The 

companion volume, Frequently Asked Questions on Implementing GSwE2009, provides 

institutions with advice on the practical concerns of setting up a curriculum that satisfies 

GSwE2009 recommendations. That advice recognizes that academic institution and 

department visions and missions vary widely and may require different approaches to 

develop and maintain a graduate SwE curriculum. For example, programs may differ in 

student demographics, teaching/research/professional focus, delivery mechanisms, external 

constituents, infrastructure, regulations and accreditation issues, and many other program 

characteristics and constraints. The core knowledge required of all students and the 

implementation guidance accommodate such differences, including guidance on how 
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programs might extend the core to incorporate institution-specific needs (e.g., focus on a 

particular applications domain or on particular types of students). 

[16] The distinction between SE2004 and GSwE2009 will be clear and apparent. 

Compared to SE2004, which are the IEEE Computer Society and ACM recommendations 

for undergraduate SwE curricula, GSwE2009 content is more narrowly focused on SwE 

and related disciplines. GSwE2009 expects much greater sophistication in student 

reasoning about SwE principles, and expects students to demonstrate their accumulated 

skills and knowledge in a more significant capstone experience (project, practicum, or 

thesis) than does SE2004. The courses, evaluations, and the capstone will generally be 

more demanding because GSwE2009 is a graduate curriculumðSE2004 is an 

undergraduate curriculumðand GSwE2009 assumes that students enter the program with 

at least two years of relevant software development experience. 

The distinction between GSwE2009 and SE2004 is quite clear when they are viewed 

through the lens of Bloomôs Taxonomy (see Appendix B for more information). SE2004 

requires students to master topics at Bloomôs Taxonomy levels 1, 2, or 3ðknowledge, 

comprehension, or application. For several topics, such as Requirements Analysis, 

GSwE2009 recommends mastery at level 4ðanalysis, and for one topic area in which the 

student specializes it recommends level 5ðsynthesis. SE2004 recommends mastery of 

many topics at level 1. Every topic in GSwE2009 must be mastered at level 2 or higher.  

Moreover, many more topics in GSwE2009 require mastery at level 3 than does SE2004; 

e.g., in SE2004, the topic of software process is addressed only at levels 1 and 2.  In 

GSwE2009, the same topic is covered at levels 2 and 3. 

[17] GSwE2009 will identify expected knowledge and experience for students to enter a 

masterôs program in software engineering. 

Undergraduate computing programs and industry experience in SwE vary greatly. To help 

institutions build programs that address the needs of the broad SwE community, 

GSwE2009 recommends minimum prerequisite knowledge and experience. This minimum 

prerequisite knowledge and experience is determined by the level of proficiency (described 

in Section 3) expected from students within the limited amount of time, study, and units 

allowed in a typical masterôs program. Students who enter a graduate program lacking 

those prerequisites will generally find it harder to succeed. Of course, universities may 

choose to offer leveling courses,
26

 internships, and other means to help such students at the 

beginning of their graduate education. Such steps, while valuable, would clearly lengthen 

the time a student spends seeking a masterôs degree. 

                                                

26 A leveling course helps a student who does not have the expected proficiency level in a topic; e.g., a student who 

lacks the expected background in discrete mathematics could take a course to provide the requisite knowledge, 

skills, and abilities. Leveling courses are sometimes also called preparatory or bridging courses.  
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3. Expected Outcomes When a Student Graduates 

This section describes what students should be capable of when they graduate from a program 

that satisfies GSwE2009ôs recommendations.
27

 It establishes the expected outcomes required for 

a professional practice. It specifies a mix of 10 technical, ethical, learning, and other outcomes, 

reflecting the diverse skills that graduates require in order to become successful as software 

engineers. The CBOK Outcome is perhaps the most clearly technical, being tied directly to 

mastery of the CBOK. As shown in Comparisons of GSwE2009 to Current Masterôs Programs 

in Software Engineering, many existing programs address this outcome fairly well. In contrast, 

the Ethics Outcome is among the least technical. It addresses mastery of ethical decision-making, 

which relatively few existing programs cover well. The curriculum authors deliberated at length 

about these outcomes to strike the right balance between technical and non-technical skills. Few 

existing programs cover all 10 outcomes well. That is, of course, not surprising. On the other 

hand, as articulated in Comparisons of GSwE2009 to Current Masterôs Programs in Software 

Engineering, over time existing programs should be able to reduce and even eliminate the gap 

between themselves and GSwE2009.  

Several reviewers of GSwE2009 version 0.5 (called GSwERC version 0.5 at the time) 

recommended making these 10 outcomes more objectively testable. The authors weighed those 

recommendations carefully and provided some additional elaboration in the current version. 

However, the authors also felt that an extensive elaboration would be too limiting, since there are 

many ways to achieve these outcomes. Moreover, GSwE2009 is not intended to be used directly 

for accreditation. Instead, the companion volumes present guidance on achieving the outcomes 

and provide comparisons between GSwE2009 recommendations and actual masterôs programs.  

The order in which the outcomes are listed is not important. It does not reflect a priority among 

the outcomes. Graduates of a masterôs program that satisfies GSwE2009 recommendations will : 

CBOK Master the Core Body of Knowledge 

The CBOK specifies a Bloom Taxonomy level for each included knowledge area 

(KA), subarea, topic, and subtopic. Mastering the CBOK requires learning 

principles exemplified through practice. A graduating student will have 

demonstrated that he or she can perform at the specified Bloom level, which 

ranges from knowledge (the lowest level) up through analysis (the fourth level). 

Such performance is the definition of mastery used herein. By way of comparison, 

the undergraduate reference curriculum, SE2004, only expects performance 

through the third level, application.  

                                                

27 These outcomes were significantly influenced by a report from Carnegie Mellon University: Shaw, M. (Ed.), 

Software Engineering for the 21st Century: A Basis for Rethinking the Curriculum, Technical Report CMU-ISRI-

05-108, Carnegie Mellon University Institute for Software Research, March 2005. 
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GSwE2009 does not state how the demonstration of mastery will be performed. 

That decision is left up to the implementing university. However, the hypothetical 

implementations of GSwE2009 in Frequently Asked Questions on Implementing 

GSwE2009 offer approaches for such demonstration. A student who has mastered 

the CBOK will be able to develop a modest-sized software system of a few 

thousand lines of code from scratch, be able to modify a pre-existing large-scale 

software system exceeding 1,000,000 lines of code, and be able to integrate third-

party components that are themselves thousands of lines of code. Development 

and modification include analysis, design, and verification, and should yield high-

quality artifacts, including the final software product. 

DOMAIN Master software engineering in one application domain, such as finance, medical, 

transportation, or telecommunications, and in one application type, such as real-

time, embedded, safety-critical, or highly distributed systems. That mastery 

includes understanding how differences in domain and type manifest themselves 

in both the software itself and in its engineering, and includes understanding how 

to learn a new application domain or type. 

Only a student who enters a masterôs program already an expert or near expert in 

an application domain will depart that program as an expert. The Domain 

Outcome does not require a student to become a true expert in an application 

domain, an achievement that normally takes many years of experience and 

education. However, SwE only becomes tangible when practiced in an application 

domain, where software brings real value and where software engineers face, on a 

daily basis, the characteristics and peculiarities of that domain. Priorities, 

vocabulary, paradigms, technologies, tools, and a myriad of other factors vary 

from domain to domain; for example, security and privacy are typically extremely 

important in financial transactions, but less important in the embedded software of 

an automobile braking system. For the latter, safety is much more important. 

Development standards are very important in defense applications, but less 

important in software used to create special effects in movies. As a reference 

curriculum, GSwE2009 gives each program the flexibility to emphasize its 

defining characteristics. Nevertheless, depth in an application domain and 

application type requires knowing how to apply several of their significant tools 

and technologies. For example, someone gaining an in-depth understanding of 

Web applications in 2009 would almost certainly need to be able to use several 

common Web technologies, such as .Net or Java, and would need to understand at 

least one toolset for specifying, developing, integrating, modifying, and testing 

code using those technologies. Additionally, the student should appreciate the 

intersection of technology with the business/mission drivers of the domain. 
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There are practical limitations to which application domains an individual 

university can support in its classrooms. Faculty must be available who 

understand a domain, often through practice in the industry. Laboratories, case 

studies, and other artifacts must enable a student to explore a domain. Even large 

SwE programs will have trouble supporting more than a handful of domains well. 

Smaller programs might only be able to support one or two application domains. 

Section 4 sets expectations for a student entering a masterôs program. One of 

those expectations is two years of practical software development experience. 

That experience is vital to enable mastery of an application domain. It is 

extremely hard to understand an application domain simply by classroom 

exercises and readings. Two years experience in an application domainðany 

application domainðwill give the student an invaluable practical perspective that 

can be applied in graduate education to achieve the Domain Outcome. 

DEPTH Master at least one KA or sub-area from the CBOK to the Bloom Synthesis level. 

A student needs to dive deeply into at least one KA or sub-area, such as 

requirements or architecture. Such depth strengthens the studentôs analytic skills 

and enables the student to solve hard problems in at least one KA. This outcome 

is much more demanding than any in SE2004, the undergraduate SwE curriculum, 

which only requires mastery up to the application level in any topic. 

ETHICS Be able to make ethical professional decisions and practice ethical professional 

behavior. 

Professionals routinely face ethical, legal, and social dilemmas, such as when is it 

ethically, legally, and socially acceptable to compromise quality in order to meet 

schedule? What types of activities constitute a professional conflict of interest or 

are a breach of ethics, law, or social norms? In some cases, potential violations of 

the law are clear, but in most situations, there are no black and white rules for 

resolving such questions. Resolution requires maturity, experience, knowledge, 

and judgment. A graduate should have demonstrated that he or she has the 

maturity, knowledge, and judgment to make common professional decisions that 

have ethical, legal, and social implications. Two years of practical experience 

before entering the masterôs program will help enrich the studentôs ability to 

understand ethical dilemmas. In two years of work experience, it is quite possible 

the student will have faced the challenge of deciding whether to ship a product 

when serious bugs still remain, or whether to discount the views of an important 

stakeholder because it is ñpoliticallyò difficult, or other such situations. 
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SYS ENG Understand the relationship between software engineering and systems 

engineering and be able to apply systems engineering principles and practices in 

the engineering of software. 

As mentioned earlier, SwE and SE have much in common, but are often treated as 

quite separate disciplines. In some business domains, the term systems engineer is 

not used, instead being replaced by application engineer, system architect, lead 

engineer, system analyst, or many other terms. The student should be able to look 

past differences in terminology and see the relationship between software and SE, 

no matter what the latter is called. 

Topics such as requirements analysis and architecture should be taught from a 

common systems/software perspective. For example, the architecture of any large 

system typically has much of its functionality implemented through a mix of 

hardware, software, and people. Software engineers should learn how to influence 

SE decisions to create the right mix for a particular application and should 

understand how to select the best software technologies to support that mix. The 

notions of systems thinking and system dynamics, popularized by people such as 

Jay Forrester
28

, John Sterman
29

, and Peter Senge
30

, which stress understanding the 

relationship of the system as a whole to other systems, is an important aspect of 

SE that should be addressed.  

TEAM Be an effective member of a team, including teams that are multinational and 

geographically distributed, effectively communicate both orally and in writing, 

and lead in one area of project development, such as project management, 

requirements analysis, architecture, construction, or quality assurance. 

Students need to complete tasks that involve work as an individual, but also many 

other tasks that entail working with a group of individuals. For group work, 

students ought to be informed of the nature of groups and of group activities/roles 

as explicitly as possible. This must include an emphasis on the importance of such 

matters as a disciplined approach, the need to adhere to deadlines, how to 

communicate both orally and in writing, and how teams are evaluated as a whole 

rather than just as individuals. Students should have an appreciation of team 

dynamics and leadership techniques and be able to lead at least one area of project 

development. Increasingly, system and software development teams are 

assembled from many geographical sites, often across national boundaries. This 

                                                

28 Forrester, J., Learning Through System Dynamics as Preparation for the 21st Century, 1994. 

29 Sterman, J., Business Dynamics: Systems Thinking and Modeling for a Complex World, McGraw-Hill/Irwin , 

2000. 

30 Senge, P., The Fifth Discipline: The Art and Practice of the Learning Organization, Broadway Business, 2006.  
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presents additional challenges of time, language, and culture that students must 

know how to address. For some programs, establishing geographically dispersed 

teams will be challenging, but this can be done where necessary by teaming with 

programs at other universities and campuses. 

RECONCILE Be able to reconcile conflicting project objectives, finding acceptable 

compromises within limitations of cost, time, knowledge, risk, existing systems, 

and organizations. 

Students should engage in realistic exercises that expose them to conflicting and 

changing requirements. For example, end users may prefer a new system that does 

not require significant change in existing business practice, while the business 

leaders may be looking to reengineer the business practice in order to realize 

dramatic gains in efficiency. If not managed well, such conflicts among key 

stakeholders can lead to requirements churn, product rejection, and many other 

undesirable consequences. The software engineer should understand techniques to 

address and resolve such conflicts. As another example, new requirements 

routinely emerge during the course of most large or complex projects. The 

graduate of a masterôs program should be able to reason about the implications of 

such emergence on technical planning and software architecture, among other 

considerations. Rigorous techniques to perform tradeoffs should be included as a 

way of resolving conflicts. Note also the tie between this outcome and the Ethics 

Outcome. The inability to reconcile conflicts well can lead to ethical dilemmas. 

PERSPECTIVE Understand and appreciate feasibility analysis, negotiation, and good 

communications with stakeholders in a typical software development 

environment, and perform those tasks well; have effective work habits and be a 

leader. 

The presence of a capstone experience, if it is a group project and not an 

individual activity (such as a thesis), is of considerable importance in this regard. 

It offers students the opportunity to tackle a major project and demonstrate their 

ability to bring together topics from a variety of courses and apply them 

effectively. This mechanism allows students to demonstrate their appreciation of 

the broad range of SwE topics and their ability to apply their skills to genuine 

effect. This should also include the ability to offer reflections on their 

achievements. 

LEARN Be able to learn new models, techniques, and technologies as they emerge, and 

appreciate the necessity of such continuing professional development. 

In a field as dynamic as SwE, life-long learning is essential to continued success. 

It is therefore imperative for the graduate student to develop the necessary skills 
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to seek and learn the latest developmentsðto be able to grow personally. This 

includes the ability to evaluate and adapt software development processes, 

metrics, and tools, including the ability to create or assemble satisfactory evidence 

for that evaluation. A masterôs program cannot instill the desire for life-long 

learning, but can teach the skills to know how to do life-long learning. 

TECH Be able to analyze a current significant software technology, articulate its 

strengths and weaknesses, compare it to alternative technologies, and specify and 

promote improvements or extensions to that technology. 

Technologies change frequently. A software engineer must be able to select new 

technologies, understanding their limitations and appropriate uses: that is, to be 

able to perform tradeoff studies and act as a change agent within his or her 

professional organization. In 2009, such technologies might include service-

oriented architectures and their supporting toolsets. In five years, there will be 

another set of technologies, just as controversial and complex. A graduate should 

know how to decide the relative merits of such technologies based on assembled 

or discovered evidence and be an effective advocate for ñwinningò technologies. 

Note, however, that in a university setting, a student will likely only be able to 

demonstrate their potential to be an effective advocate.  

The Tech Outcome has a strong tie to the Domain Outcome. The strengths and 

weaknesses of a technology are generally not absolute, but vary with the 

application domain and other context. 

It is useful to think beyond student competencies at graduation, looking out three to five years 

later toward the longer-term objectives that students might achieve. The CAT considered 

whether GSwE2009 should include a standard set of objectives that all masterôs programs should 

set for their graduates. After lengthy discussion, the CAT concluded no standard set existed. 

There is simply too much variation among individual masterôs programs to prescribe a common 

set in GSwE2009. Nevertheless, it is desirable for each university program to establish its own 

objectives.
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4. Expected Student Background When Entering the Masterôs Program 

One of the hardest decisions to make when constructing a graduate curriculum is determining 

what a student should be capable of when entering the program. If the bar is set too low, the 

graduate education will either be shallow or will need to be extended by universities to 

compensate for low entry capability. If the bar is set too high, too few will qualify and the 

program will struggle to attract students. According to a recent survey of graduate SwE 

programs, summarized in Appendix A, the average masterôs program in SwE requires around 33 

to 36 graduate course credits, which in the United States is usually structured into 11 or 12 3-

credit semester courses. GSwE2009 is in line with current practice, recommending a program of 

around 33 to 36 graduate credits. A full -time student could reasonably be expected to complete 

such a program in 18 to 24 months. The number of recommended credits, combined with 

expectations for student knowledge and skills when they graduate, determine what students 

should be capable of when they enter the masterôs program. 

Establishing outcomes cannot be done without considering what students are capable of when 

entering the masterôs program. The survey of existing graduate programs described in Appendix 

A revealed a wide range of expectations for entering students. For example, some universities 

target students who are making a mid-career shift into being software engineers. For those 

universities, a student with a bachelorôs degree and a ñBò grade point average (GPA) is enough 

for entry. Other universities target students who are software professionals seeking to advance 

their career with an advanced degree in their current field. Mostðbut not allðuniversities 

presume a student can program in at least one computer language. About a third of the surveyed 

programs presume a student has professional experience as a software engineer. Nevertheless, 

GSwE2009 must make some assumptions about what students are capable of at entry or there is 

no basis for defining what knowledge they can reasonably master while pursuing a degree that is 

nominally the equivalent of 11 to 12 3-credit semester-long courses. 

Note that expectations are not admission requirements. Individual universities and programs set 

admission requirements. However, deviations from these expectations may require lengthening 

the program to compensate and still achieve the 10 outcomes in Section 3. A student can 

compensate for the lack of a formal education by more extensive experience; a university can 

offer a student lacking certain knowledge or skills an opportunity to take additional leveling
31

 

courses; or a student lacking experience can take an internship or follow some other means to 

gain that experience while in the degree program. Of course, the latter two options will increase 

the number of courses that a student must take to earn a masterôs degreeða common practice for 

those entering a graduate program without the expected background. The curriculum 

architecture, described in the next section, provides a structure by which a university could 

                                                

31 Such courses go by many names.  Students who lack proficiency in an expected competency normally take them. 

The objective is to raise their level of proficiency to that of their peers. 
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address students who do not meet the entry expectations. Frequently Asked Questions on 

Implementing GSwE2009 provides advice on how to welcome students who lack strong 

computer science or software development backgrounds.  

GSwE2009 presumes that an entering student meets all the following:  

 The equivalent of an undergraduate degree in computing, or an undergraduate degree in 

an engineering or scientific field and a minor in computing. Table 1 in Section 6.2, 

Preparation Knowledge, defines the expected knowledge from the degree. 

 The equivalent of an introductory course in SwE. Table 1 in Section 6.2 also defines the 

expected knowledge from this course. 

 At least two years of practical experience in some aspect of SwE or software 

development. This experience should include participation in teams, development of a 

program or component that has been successfully delivered, and an update or repair to an 

existing program or component. 

The rationale for these expectations is: 

DEGREE Many existing masterôs programs in SwE expect students to have a bachelorôs 

degree in an engineering or scientific field, but not a degree in computing. Such 

students generally bring much of the math skills and the ability to think 

analytically, both of which are essential to SwE. Students often have 

programming experience, although it is usually programming in the small without 

the benefit of understanding how to address issues associated with large or 

complex software. 

In order to engineer software, a student must have mastered the fundamentals of 

computing, including programming, computer hardware, operating systems, data 

structures, algorithms, discrete math, and a design course that has considered 

developing a system in which a primary issue has been the integration of several 

components. Students who do not have at least a minor in computing will 

generally lack that mastery. 

Universities frequently offer leveling courses to students who enter a masterôs 

program lacking the expected background in computing. 

SWE The majority of masterôs programs in the 2007 survey of existing programs do not 

start students in an introductory SwE course. These programs assume that the 

student has learned the equivalent knowledge either from earlier coursework or 

from professional experience. GSwE2009 follows the practice of the majority of 

programs in that regard. 



   
25 

Universities frequently offer an undergraduate course introducing SwE to students 

who do not have the equivalent knowledge from a prior course or professional 

experience.  

EXPERIENCE SwE is a practical field and it is a truism that there is no substitute for experience. 

The richness of the discussions in a graduate class and the sophistication of the 

analysis that students can perform are driven, in part, by the experience of those 

students. Students with at least two years of practical experience in several 

aspects of SwE or software development have a significantly deeper appreciation 

for the issues that are examined in the masterôs program. Such experience should 

expose the student to a team environment and to working on several aspects of 

development, as would happen when a student is part of a team modifying, 

testing, and releasing an existing application. Going through at least one full life 

cycle of a product release would be ideal. Two years experience in a single 

development activity, such as performing configuration management, would not 

support the spirit of this background expectation. The most germane experience 

would have the student (1) work on a component of a larger system that requires 

integration; (2) evolve an existing system, such as making it be backward-

compatible with previous versions; and (3) address contextual requirements of 

customers.  

Universities could offer internships to students lacking the expected experience, 

or otherwise involve them in a significant practical experience early in their 

masterôs program. However, it should be noted that several CAT members doubt 

whether an internship can truly compensate for a lack of relevant professional 

experience.  Addition of such internships would probably increase the time 

required in the program.  
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5. Curriculum Arch itecture 

This section describes the structure of a curriculum into which courses satisfying GSwE2009 

recommendations can be packaged. It identifies, via the CBOK, the minimal material that all 

programs should include and makes provisions for each institution to develop its own distinctive 

program(s). The curriculum architecture is similar to the one proposed in (Ardis and Ford, 1989) 

and is compatible with the existing masterôs programs for which course and curriculum data are 

described in Appendix A. It is intended to provide a structural basis for programs that deliver the 

outcomes described in Section 3.  

 

Figure 1. Architectural Structure of a GSwE2009 Masterôs Program 

The curriculum architecture includes preparatory material, core materials, university-specific 

materials, elective materials, and a mandatory capstone experience. Figure 1 provides an 

overview of the curriculum architecture. The heavy black line represents the baseline 

expectations described in Section 4 for students entering the masterôs program. Thus, material 

above the heavy black line is mastered before entry into the masterôs program. Material below 

the heavy black line is mastered after program entry. A student who satisfies the baseline 

expectations is ready to begin the program (work below the heavy black line). Individual 
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programs will determine how to prepare students whose background falls short. Typically, 

colleges and universities that wish to admit students who lack the expected background will 

provide preparatory courses containing materials that those students should take before entering 

the masterôs program. Those are the preparatory materials shown above the dark horizontal line 

in Figure 1.The more deficient the studentôs background is relative to the baseline entrance 

expectations, the higher the risk is that the student will not perform satisfactorily, harming both 

himself and fellow students. It is anticipated that a few students with undergraduate degrees in a 

variety of fields plus extensive experience, might enter directly into courses that cover only a 

subset of the core materials, and perhaps occasionally directly into courses that include 

university-specific and elective materials. 

GSwE2009 identifies the fundamental skills and knowledge that all graduates of a masterôs 

program in SwE must possess. In Figure 1, this is captured in the half-circle area labeled Core 

Materials. These skills and knowledge include such topics as SE fundamentals, requirements 

engineering, software design, and ethics and professional conduct, which are listed in Section 6, 

CBOK. Where appropriate, it defines the common themes of the SwE discipline, including its 

dependencies on other related disciplines, such as SE, human factors for interface design and 

testing, and project management, and recommends that all graduate programs include this 

material. Courses that teach CBOK material would be mandatory or core courses, since taking 

them would be necessary to learn the core material. The CBOK has been limited to include no 

more than 50% of the total knowledge conveyed in a complete masterôs program. 

The next half-circle in Figure 1, labeled University-Specific Materials, represents materials that 

an institution might include in order to tailor its program to meet its specific objectives. These 

will  vary by institution or degree program. They may differ widely because of student 

demographics, teaching/research/professional focus, delivery mechanisms, external constituents, 

and infrastructure or accreditation issues. Institutions might include material in this part of the 

curriculum to extend a studentôs knowledge of their undergraduate field of study with particular 

emphases on tradeoffs between applications in those fields and the disciplines that are included 

in other portions of the SwE curriculum. For example, a program that emphasizes safety-critical 

systems might have a required course on such systems that would be part of the University-

Specific Materials. An institution or program might refer to the core materials, as defined in this 

document, plus its university-specific materials, as its own core. 

Elective Materials accommodate different interests of individual students, but may still reflect a 

program focus. For example, a program may focus on information security, verification and 

validation (V&V), or health-care systems, providing a series of courses that allow a student to 

gain depth in a technical area, CBOK KA, or an application domain, respectively. Those courses 

might be organized into tracks or may simply be an unstructured collection of courses. Students 

may be constrained in what electives they take to foster program educational goals, or the 

program may allow the student broad freedom in course selection. Elective materials can also 
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include special topics courses that might be used from time to time to introduce experimental 

topics into the curriculum. 

 

Figure 2. Course Alignment, Which May or May Not Correspond to Specific Topics or Rings 

GSwE2009 recommends that students demonstrate their accumulated skills and knowledge in a 

capstone experience, which might be a project, a practicum, or a thesis. The capstone experience 

would likely be between 3 to 6 credit hours, which would count towards the 33 to 36 total credit 

hours typically required for a masterôs degree. In this context, a project would be a practically 

oriented undertaking done by a single student or a group for or with someone within the offering 

institution. A practicum would be a software development project done for a real external 

customer by a group of students, perhaps for an employer for whom one or more of them work. 

A thesis would be SwE research completed by an individual student under the guidance of a 

research-oriented member of the faculty. Students completing the curriculum must be able to 

understand and appreciate the importance of negotiation, effective work habits, leadership, and 

good communication with stakeholders in a typical software development environment. These 

topics should be integrated into the core materials and perhaps could be reinforced in the 

university-specific or elective materials. However, the presence of a capstone project, a 

practicum, or a thesis at the end of the curriculum is of considerable importance in this regard. It 
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offers students the opportunity to tackle a major undertaking and demonstrate their ability to 

bring together topics from a variety of courses and apply them effectively, as shown by the 

broken lines connecting the capstone experience back to the materials contained in the various 

layers of the curriculum. 

There is no intent in this architectural specification to require either the content of preparatory 

courses or the content in core courses to be self-contained in courses with names corresponding 

to the topics. Figure 2 provides an example showing how this might happen. The yellow wedges 

in this figure correspond to courses that teach precisely core material, precisely university-

specific material or precisely elective material. The green wedges represent courses that integrate 

material across architectural layers. For example, Course 1 (shown in green) covers a 

combination of core and university-specific material. Course 2 (shown in yellow) covers only 

university-specific materials. Either, or both, methods of course packaging are appropriate. 

 

Figure 3.  Demonstration of How a Specific Track May Fit Within a Program 

There is also no intent that all of the courses containing preparatory or core materials must be 

completed before coursework in the next ring can begin. It is anticipated that the sequencing of 
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courses will be controlled primarily by the prerequisite specifications of each course in a specific 

institutionôs curriculum. 

Figure 3 offers an example of how a track could be constructed within this architectural 

framework. In this example, the track would include all of the core materials, some university-

specific materials from the track, some elective materials related to the track and a capstone 

experience concentrating on a topic associated with the specific track. Tracks are typically areas 

of study, such as telecommunications, real-time systems, and information systems. 

It is through a combination of Core, University-Specific, and Elective Materials that the 10 

outcomes in Section 3 are met. For example, the Domain Outcome requires depth in an 

application domain, such as telecommunications or finance. A program could offer a track that 

gives a student depth in telecommunications by emphasizing telecommunications examples in a 

software architecture class that teaches Core Materials, and that teaches telecommunications 

principles in an elective course on the general telecommunications field. 
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6. Core Body of Knowledge (CBOK) 

6.1 Development of the CBOK 

The primary source for developing the CBOK was the SWEBOK. Knowledge elements were 

also derived from SE2004, (INCOSE, 2003) and especially (Haskins, 2007). In the study and 

analysis of these sources, it was decided that although the SWEBOK organization and content 

would dominate, various changes in areas and topics were needed to support the GSwE2009 

expected student outcomes and to accommodate the needs and views of academia, industry, and 

the computing professional societies. For example, two KAs, not in the current version of the 

SWEBOK, were added: Systems Engineering Fundamentals, and Ethics and Professional 

Conduct. In addition, some units and topics were added, rearranged or modified. These included:  

Ɇ Addition of Human Computer Interface design in the Software Design KA 

Ɇ Addition of an Engineering Economics unit in the Software Engineering Management 

KA 

Ɇ Addition of a Risk Management unit in the Software Engineering Management KA 

Ɇ Addition of a Verification and Validation (V&V) unit in the Software Quality KA 

Ɇ Changes in the names and the unit/topic organization in three KAs: (a) Software 

Requirements to Requirements Engineering, (b) Software Testing to Testing and (c) 

Software Configuration Management to Configuration Management. These changes were 

made to accommodate and emphasize the role of SE in GSwE2009. 

It should be noted that as of the publication date of GSwE2009, the plans for a 2010 refresh of 

SWEBOK call for a new KA on Professional Practice and four new education KAs: Engineering 

Economy Foundations, Computing Foundations, Mathematical Foundations, and Engineering 

Foundations. GSwE2009 has attempted to accommodate the SWEBOK refresh by including 

these topics in the preparation knowledge (discussed in the next section) and in the additional 

KAs and units in the CBOK. 

Two other proposals for significant re-organization of the SWEBOK KAs were considered: 

Ɇ Create a KA called Supporting Processes that includes configuration management, V&V , 

quality assurance, reviews and audits, and software documentation process. This proposal 

also included recommended changes in the Software Engineering Management area 

involving units on organizing, staffing, and directing a software project. 

Ɇ Create a KA called V&V that subsumes the Software Testing KA and includes units from 

the Software Quality area. 

Although both proposals were viewed positively, it was felt that the wide recognition and the 

common understanding of the organization of the SWEBOK KAs were compelling reasons to 

maintain the basic SWEBOK outline as a foundation for the GSwE2009 CBOK. However, the 
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first proposal did prompt study, analysis, and modification of the description of some of the 

knowledge units within the Software Engineering Management KA (in Project Organization and 

Enactment and in Risk Management). 

The CAT has provided a recommended level to which a student should achieve each KA; these 

are defined in terms of Bloomôs taxonomy. Appendix B describes Bloomôs cognitive levels
32

 and 

the process used to specify the student cognitive level for both the prerequisite KAs and the 

CBOK KAs. The following level designations are used in the tables in this section: 

Ɇ Knowledge (K) 

Ɇ Comprehension (C) 

Ɇ Application (AP) 

Ɇ Analysis (AN) 

These level designations are not intended to guide detailed curriculum design, but rather to 

provide a high-level view of curriculum and student expectations. Students admitted to a 

program who possess substantial SwE education (e.g., a Bachelor of Science degree in SwE) or 

experience (e.g., an experienced software project manager) will arrive with knowledge at or 

above some of the designated Bloomôs levels. A university might choose to exempt such 

students from some of its required courses, giving them the opportunity to take a greater number 

of advanced courses than afforded the typical student. 

6.2 Preparation Knowledge 

Table 1 specifies the knowledge students should possess when entering a masterôs program in 

order to be best prepared to achieve the GSwE2009 outcomes. SE2004 was the primary source 

for the knowledge elements. The knowledge may be acquired through undergraduate study, from 

software development experience, through leveling courses offered by an institution, or through 

some combination of these. The table is organized hierarchically into three levels, similar to the 

knowledge organization in the SE2004. The highest level of the hierarchy is the KA, such as 

Mathematical Fundamentals. Each KA is shown in blue and is broken down into smaller 

numbered divisions called units, which represent individual thematic modules within an area. 

Each unit is further subdivided into an unordered set of topics. 

Clearly, other preparation knowledge will be needed to support graduate SwE education. For 

example, students entering a masterôs program should have a strong background in general 

education: excellent oral and written communication skills, knowledge of the social sciences, and 

a solid foundation in continuous mathematics (algebra, pre-calculus, and calculus).  

                                                

32 Bloom, B.S. (Ed.), Taxonomy of educational objectives: The classification of educational goals: Handbook I, 

cognitive domain, Longmans, 1956. 
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Table 1.  Preparation Knowledge for Core Body of Knowledge 

Knowledge Areas 
Bloom 

Level 

Mathematics Fundamentals   

1. Discrete Structures 

AP Functions, relations, and sets; basic logic; proof techniques; basics of counting; graphs and 

trees; discrete probability 

2. Propositional and Predicate Logic 

Propositions, operators, and truth tables, laws of logic, predicates and quantifiers, argument 

and inference 
AP 

3. Probability and Statistics 

Basic probability theory, random variables and probability distributions, estimation theory, 

hypothesis testing, regression analysis, analysis of variance 

AP 

Computing Fundamentals   

1. Programming Fundamentals 

AP 
Overview of programming languages; virtual machines; introduction to language translation; 
declaration and types; abstraction mechanisms; object-oriented programming; functional 

programming; language translation systems; type systems; programming language semantics; 

programming language design 

2. Data Structures and Algorithms  

C Basic algorithmic analysis; algorithmic strategies; fundamentals of computing algorithms; 

distributed algorithms 

3. Computer Architecture  

C 
Digital logic and digital systems; machine level representation of data; assembly level 
machine organization; memory system organization and architecture; interfacing and 

communication; functional organization; multiprocessing and alternative architectures; 

performance enhancements; architecture for networks and distributed systems 

 4. Operating Systems 

C Operating system overview and principles; concurrency; scheduling and dispatch; memory 
management; device management; security and protection; file systems; real-time and 

embedded systems; fault tolerance; system performance evaluation; scripting 

5. Networks and Communications 

C Introduction to net-centric computing; communication and networking; network security; 
Internet; building Web applications; network management; compression and decompression; 

multimedia data technologies; wireless and mobile computing 

6. Module Design and Construction 

AP Abstraction, information hiding, interface design, procedural design, assertions, exceptions, 

coupling and cohesion 

Software Engineering   

1. Software Requirements 

C Software requirements fundamentals; requirements elicitation; requirements analysis; 

requirements specification; requirements validation 

2. Software Design C 
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Knowledge Areas 
Bloom 

Level 

Software design fundamentals; software structure and architecture; software design 

notations; software design strategies and methods 

3. Software Construction 
AP 

Software construction fundamentals; software construction practices 

4. Software Testing 
K  

Software testing fundamentals; test levels; test techniques 

5. Software Maintenance 
K  

Software maintenance fundamentals; techniques for maintenance 

6. Software Engineering Management 
K  

Software project planning; software configuration management 

7. Software Engineering Process 
K  

Process definition and implementation; product and process measurement 

8. Software Quality 
K  

Software quality fundamentals; software quality management practices 

6.3 CBOK Concepts and Organization 

Table 2 presents the outline of the CBOK that is recommended for the core of a curriculum that 

supports the GSwE2009 recommendations. It is organized hierarchically in the same manner as 

Table 1. The CBOK knowledge units and their Bloom level designations were developed in such 

a way that the core could be covered in the equivalent of approximately 15 credit hours or 

approximately 200 contact hours (using a North American academic model). The core is 

designed to comprise a little less than 50% of the total credit hours recommended for a masterôs 

degree. Hence, additional time and courses can be allocated to provide additional depth in the 

core areas (at higher Bloom levels) and to focus on a chosen application domain. An actual 

workload measure (such as that used in the European Commissionôs European Credit Transfer 

System
33

) could have been used, but it was felt that contact hours were sufficient for the intended 

level of this curriculum guidance. 

Table 2.  Core Body of Knowledge 

Knowledge Area 
Systems Eng. 

Content 
Bloom Level 

A. Ethics and Professional Conduct   

1. Social, legal, and historical issues SYS C 

Data confidentiality and security, surveillance and privacy   

                                                

33 European Commission, Education & Training, ñEuropean Credit Transfer and Accumulation System (ECTS)ò 

website.  http://ec.europa.eu/education/programmes/socrates/ects/index_en.html#1  
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Knowledge Area 
Systems Eng. 

Content 
Bloom Level 

Historical developments, and gender, minor, and cultural issues   

Contracts and liability, intellectual property, freedom of information   

Computer crime and law enforcement   

2. Codes of ethics and professional conduct SYS C/AP 

Responsibilities to society   

Models for professionalism, professional societies   

Codes of ethics and practice   

3. The nature and role of software engineering standards  C 

Nature and role of standards   

International standards, standards and harmonization organizations   

Bodies of knowledge, accepted and best practices   

B. System Engineering SYS  

1. Systems Engineering Concepts  C 

System context   

    People and systems   

System hierarchical relationships   

The role of system engineers   

2. System Engineering Life Cycle Management  C 

Lifecycle Management   

Systems engineering and software engineering processes   

3. Requirements   C/AP 

Stakeholder requirements   

Requirements analysis   

4. System Design  C/AP 

Architectural design   

Implementation   

Trade studies   

5. Integration and Verification   C 

6. Transition and Validation   C 

7. Operation, Maintenance and Support  C 

C. Requirements Engineering SYS  

1. Fundamentals of Requirements Engineering  C/AP 

Relationship between systems engineering and software engineering   

Definition of requirements   

System design constraints   
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Knowledge Area 
Systems Eng. 

Content 
Bloom Level 

System design and requirements allocation   

Product and process requirements   

Functional and non-functional requirements   

Emergent properties   

Quantifiable requirements   

2. Requirements Engineering Process  C 

Process models   

Process actors   

Process support and management   

Process quality and improvement   

3. Initiation and Scope Definition  AP 

Determination and negotiation of requirements   

Feasibility analysis   

Process for requirements review/revision   

4. Requirements Elicitation  AP 

Requirements sources   

Elicitation techniques   

5. Requirements Analysis  AN 

Requirements classification   

Conceptual modeling   

Heuristic methods   

Formal methods   

Requirements negotiation   

6. Requirements Specification  AP 

Requirements specification techniques   

7. Requirements Validation  AP 

Requirements reviews   

Prototyping   

Model validation   

Acceptance tests   

8. Practical Considerations  C/AP 

Iterative nature of requirements process   

Change management   

Requirements attributes   

Requirements tracing   

Measuring requirements   

D. Software Design   

1. Software Design Fundamentals  C/AP 
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Knowledge Area 
Systems Eng. 

Content 
Bloom Level 

General design concepts   

Context of software design   

Software design process   

Enabling techniques   

2. Key Issues in Software Design  AP 

Concurrency   

Control and handling of events   

Distribution of components   

Error and exception handling and fault tolerance   

Interaction and presentation   

Data persistence   

3. Software Structure and Architecture  AP/AN 

Architectural structures and viewpoints   

Architectural styles (macro architectural patterns)   

Design patterns (micro architectural patterns)   

Human computer interface design   

Families of programs and frameworks   

4. Software Design Quality Analysis and Evaluation  AP 

Quality attributes   

Quality analysis and evaluation techniques   

Measures   

5. Software Design Notations  AP 

Structural descriptions (static)   

Behavioral descriptions (dynamic)   

6. Software Design Strategies and Methods  AP/AN 

General strategies   

Function-oriented (structured) design   

Object-oriented design   

Heuristic methods   

Formal methods   

Component-based design (CBD)   

E. Software Construction   

1. Software Construction Fundamentals  AP 

Minimizing complexity   

Anticipating change   

Constructing for verification   

Standards in construction   

2. Managing Construction  AP 
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Knowledge Area 
Systems Eng. 

Content 
Bloom Level 

Construction methods   

Construction planning   

Construction measurement   

3. Practical Considerations  AP 

Construction design   

Coding   

Construction testing   

Construction quality   

Integration   

F. Testing SYS  

1. Testing Fundamentals  AP 

System testing and software testing   

Testing-related terminology   

Key issues   

Relationships of testing to other activities   

2. Test Levels  AP 

The target of the tests   

Objectives of testing   

Component testing   

Integration testing   

System testing   

Acceptance testing   

3. Testing Techniques  AP 

Based on testerôs intuition and experience   

Specification-based   

Code-based   

Fault-based   

Usage-based   

Based on nature of application   

Selecting and combining techniques   

4. Test-Related Measures  AP/AN 

Evaluation of the program or system under test   

Evaluation of the tests performed   

5. Test process  C/AP 

Management concerns   

Test activities   

G. Software Maintenance   

1. Software Maintenance Fundamentals  C 
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Knowledge Area 
Systems Eng. 

Content 
Bloom Level 

Definitions and terminology   

Nature of maintenance   

Need for maintenance   

Majority of maintenance costs   

Evolution of software   

Categories of maintenance   

2. Key Issues in Software Maintenance  AP 

Technical   

- Limited understanding   

- Testing   

- Impact analysis   

- Maintainability   

Management issues   

- Alignment with organizational issues   

Maintenance cost estimation   

- Cost estimation   

- Parametric models   

- Experience   

Software maintenance measurement   

3. Maintenance Process  AP 

Maintenance process models   

Maintenance activities   

- Unique activities   

- Supporting activities   

4. Techniques for Maintenance  AP 

Program comprehension   

Reengineering   

Reverse engineering   

H. Configuration Management (CM) SYS  

1. Management of the CM Process  C/AP 

Organizational context for CM   

Constraints and guidance for CM   

Planning for CM   

- CM organization and responsibilities   

- CM resources and schedules   

- Vendor/subcontractor control   

- Interface control   

Configuration management plan   
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Knowledge Area 
Systems Eng. 

Content 
Bloom Level 

Surveillance of configuration management   

- CM measures and measurement   

- In-process audits of CM   

2. Configuration Identification   AP 

Identifying items to be controlled   

- Configuration items   

- Configuration item relationships   

- Versions   

- Baseline   

-Acquiring configuration items   

Software library   

3. Configuration Control   AP 

Requesting, evaluating and approving changes   

- Configuration control board   

- Change request process   

Implementing changes   

Deviations and waivers   

4. Configuration Status Accounting   

Configuration status reporting   

5. Software Release Management and Delivery  AP 

Software building   

Software release management   

I. Software Engineering Management   

1. Software Project Planning  AP 

Project goals and objectives   

Project policies and standards   

Process planning   

Project assumptions and forecasts   

Project deliverables   

Project staffing   

Effort, schedule, and cost estimation   

Resource allocation   

Quality management   

Project plan/budget development and management   

2. Risk Management SYS AP 

Risk management concepts   

- Probability, impact   

 - Timeframe   
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Knowledge Area 
Systems Eng. 

Content 
Bloom Level 

Risk management process   

- Frameworks, standards, and guidelines   

- Risk identification, analysis and risk prioritization techniques   

- Risk mitigation strategies   

Risk management tools   

- Earned value tracking   

 - Technical performance measurement   

 - Defect tracking and reporting   

 - Project control panels   

Organizational risk management   

Joint supplier/customer risk management   

3. Software Project Organization and Enactment  AP 

Project organization   

 - Identify and group project functions, activities, and tasks 

- Determine organizational structure and positions 

- Define responsibilities, authority relationships, position qualifications 

  

Project directing   

- Leadership, supervision, delegation of authority, coordination and 

communication 
  

- Motivation, conflict resolution, team building   

Project control   

 - Implementation of plans, and measurement process   

 -Process monitoring   

 - Change management   

Reporting   

Supplier contract management (e.g., RFP, cost evaluation, IP rights)   

4. Review and Evaluation  C 

Determining satisfaction of requirements   

Reviewing and evaluating performance   

5. Closure SYS C 

Determining closure   

Closure activities   

6. Software Engineering Measurement  AP 

Establish and sustain measurement commitment   

Plan the measurement process   

Perform the measurement process   

Evaluate measurement   

7. Engineering Economics SYS C 
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Knowledge Area 
Systems Eng. 

Content 
Bloom Level 

Engineering economics fundamentals   

For-profit decision-making   

Not-for-profit decision-making   

Present economy   

Estimation, risk, and uncertainty   

Multiple attribute decisions   

J. Software Engineering Process   

1. Process Implementation and Change  C/AP 

Process infrastructure   

- Software engineering process group   

- Experience factory   

Activities   

Models for process implementation and change   

Practical considerations   

2. Process Definition  C 

Life cycle models   

Software life cycle processes   

Notations for process definitions   

Process adaptation   

Automation   

3. Process Assessment  AP 

Process assessment models   

Process assessment methods   

4. Product and Process Measurement  AP 

Software process measurement   

Software product measurement   

- Size measurement   

- Structure measurement   

- Quality measurement   

Quality of measurement results   

Measurement techniques   

- Analytical techniques SYS  

- Benchmarking techniques SYS  

K. Software Quality   

1. Software Quality Fundamentals  AP 

Software engineering culture and ethics   

Value and costs of quality SYS  

Quality models and characteristics SYS  
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Knowledge Area 
Systems Eng. 

Content 
Bloom Level 

- Software process quality   

- Software product quality   

Quality improvement SYS  

Application quality requirements SYS  

- Criticality of systems   

- Dependability   

- Integrity levels of software   

Defect characterization   

2. Software Quality Management Processes  AP 

Software quality assurance   

Software quality management techniques   

- Static techniques   

- People-intensive techniques   

- Analytic techniques   

- Dynamic techniques   

Software quality measurement   

3. Verification and Validation (V&V)  SYS AP 

Definitions of V&V    

- System V&V and software V&V   

- Independent V&V   

V&V Techniques   

- Testing   

- Demonstrations   

- Traceability   

- Analysis   

- Inspections   

- Peer reviews   

- Walkthroughs   

- Audits   

Figure 4 depicts the percentages of the curriculum that are recommended for each core KA. 

These percentages were initially determined by using a quasi Wideband Delphi technique to 

allocate the 200 contact hours, and then the hours were converted to percentages (of the 50% 

core) and adjusted to ranges of approximately 1%-2%. As indicated in Figure 4, the percentages 

for each area apply only to the core, which represents approximately 50% of the curriculum. The 

percentages should be considered as general high-level guidance, not as precise curriculum 

specification.  
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Figure 4.  Percentage Devoted to Core Body of Knowledge Areas 

As indicated in Section 5, Curriculum Architecture, the university-specific and elective materials 

will cover many of these KAs in more depth and may cover material outside these KAs 

completely, such as the study of a specific application domain.  

As also explained in Section 5, Curriculum Architecture, the core 15 credit hours could be 

distributed in many ways. The simplest and most direct way would be as a set of courses 

dedicated specifically to teaching core material. Using the typical North American model, the 

entire set of core materials would be taught in five 3-credit semester courses. Alternatively, a 

program could cover the core material over many more courses. Comparisons of GSwE2009 to 

Current Masterôs Programs in Software Engineering examines how various universities 

approximate the coverage of the core material in their programs. 

The KAs outlined in Table 2 are intended to characterize the core content of a masterôs program 

in SwE; it is not intended to depict or to imply the organization of curricula and courses. 

Although there are KAs on requirements, design, construction, and testing, this should not be 

taken to mean that GSwE2009 is recommending a waterfall curriculum: that is, first a course in 

requirements, then a course on design, and so on. Instead, GSwE2009 supports and encourages a 

variety of curriculum designs and course organizations that satisfy the GSwE2009 guidelines. 


