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Version 1.0 GSwERC
Process for Comparing Your Software Engineering Program with the GSwERC Model
The GSwERC model graduate curriculum for a terminal, professional, master’s level program in software engineering is intended to assist faculty desiring to implement new software engineering programs at the graduate level or to revise existing programs. A first step in using the model curriculum is to compare one’s existing program (or, perhaps, a hypothetical program one is planning) with the GSwERC model. This document outlines a recommended procedure for performing such a comparison. The results of this procedure, if provided to the GSwERC team, are used (anonymously) to help improve its understanding of the range of existing programs and the similarities and differences between existing programs and GSwERC.

Terminology

Certain terminology is used in this procedure to assure consistency in the comparisons. If a given situation does not appear to be covered by the terminology used, the GSwERC team should be consulted for assistance.
University – an academic institution that offers one or more graduate level programs in Software Engineering.

Academic Unit – an organization within a university that is responsible for the program in Software Engineering. For example, consider a college of engineering or a school of computing.

Academic Department – the organization within an academic unit that has specific responsibility for the program in Software Engineering. For example, consider a department of computer science and software engineering.

Program – a program of study leading to a master’s level degree in Software Engineering. For example, a Software Engineering Masters program or a Software Engineering Track within a Computer Science Masters program.

Entry Requirements – a set of criteria that students must satisfy to be admitted to a program. For example, consider an undergraduate degree in Computer Science and one year of industrial experience. Note that in some cases, students may be conditionally admitted to a program provided they take certain courses or take other actions to satisfy the equivalent of the entry requirements.

Faculty – individuals who provide instruction in the software engineering program.
Measures

Several measured quantities are used in the comparison process. For the sake of consistency, we define some of these measures here.

· Number of Students in a program. This is measured by the number of program graduates per year. This measure was chosen so as to provide a consistent quantification of student body size regardless of whether students are full-time or part-time. For programs whose number of graduates fluctuates, reasonable averages should be used.
· Number of Graduate SW Engineering Courses Taught per year. This is another measure of the size of the program. This includes only courses for which credit is given toward the Software Engineering program and does not include leveling or articulation courses. If multiple sections of a course are taught each year, count each offering as a separate course.
· Program Term Structure.  Please explain how your program terms are structured.  The most common structures are semester and quarter systems.  However, some schools utilize trimesters, or are on a semester system with additional summer sessions.  Please provide information on how the academic calendar for your institution is ordered.
· Number of Full-Time Software Engineering Faculty.  This is the number of full-time faculty whom the academic department associates primarily (over half time) with the graduate software engineering program. In cases where faculty are associated with multiple programs, you may use a pro-rata value. For example, suppose a department has 10 full-time faculty, of whom three are devoted primarily to the software engineering graduate program, two are devoted half time to the program and five are devoted full-time to a Computer Science program.  Then the number of full-time software engineering faculty would be four.

· Define Full-Time.  For your program, please provide the definition of “full-time” faculty.  For example, a program may define full-time as teaching 8 courses per year.  If your school has no official definition for ‘full time’, please assume six courses meeting for at least 150 minutes each week for 12-14 weeks and state your assumptions.
· Number of Part-Time/Adjunct Program Faculty.  This is the number of part-time faculty who teach within the program, regardless of how many courses they teach. A Part time/adjunct faculty member typically only teaches classes, and either they work full time at another organization, or they have retired from their full time positions.  

High Level Summary of Comparison Procedure
Using the accompanying spreadsheet, complete the following tasks:
1. Provide basic demographic information about the university, academic unit, academic department, students, faculty and program.
2. Identify expected background of entering students.
3. Identify the “core” courses which all students are required to take, regardless of background or educational goals.

4. Identify major paths through the program, if there are any options or “tracks”.
5. Characterize one or more hypothetical students representing the range of backgrounds and program paths.  Should a student require additional courses (e.g. leveling courses) in order to meet the standard entry requirements, please also provide that information.  (The nominal target for each program is to characterize 3 such students. However, programs with only one “track” and few electives might have only one.)

6. For each hypothetical student, estimate the level to which the student would have achieved the 10 GSwERC outcomes upon entry to the program (based on the expected background of that student upon admission to the program and completion of ‘leveling’ courses, if any). Use the rubric provided in Appendix 1.
7. Estimate the level to which the student would have achieved the 10 GSwERC outcomes upon completion of the required core coursework.  Note: this should be identical for each student. If, because of significant differences in student background or other factors, you do not judge that each student would have attained the same level upon completing the require core coursework, include a note to that effect so we can better understand the issue.
8. Identify the non-core courses that each hypothetical student would take in order to complete the program. (Some of these may be required for a student’s chosen “track” and others may be electives.)
9. For each student and non-core course, estimate the level to which the given student taking the given course would be expected to achieve the 10 GSwERC outcomes upon completion of the course (using the rubric provided in Appendix 1).  Note: it is likely that most individual courses will help a student attain only some of the outcomes and will build upon attainments achieved in earlier courses.  Although you may need to consider how individual courses contribute to outcomes, please only record the total expected achievement from each of the non-core courses, assuming they have completed all core and prerequisite courses.
10. Combine the information from steps 6, 7, and 9 to determine, for each student, the level to which the total program, plus entrance criteria, would enable attainment of the 10 GSwERC outcomes.

The specific details of this process are found below. The most time consuming portion of this process is steps 6, 7 and 9, which often require consultation with other faculty to properly evaluate the full range of courses. However, since most students have courses in common, the first student is usually the most difficult. A certain amount of judgment is required and, thus, the process is not highly precise. However, we have found that if carried out as described the process yields an effective assessment of how a program compares with the model.
Detailed Procedure

Use the accompanying spreadsheet to provide the information described below.
1. Provide basic demographic information about the program.

The attached spreadsheet, first tab, requests demographic information about the university and the software engineering program. This and later tabs are used to document information from certain of the other steps in this procedure.
2. Identify expected background of entering students.
One of the most important characteristics of graduate software engineering programs is the expectations or prerequisites imposed on entering students. Some programs, for example, may require an academic degree in a specific discipline or type of discipline (for example, undergraduate degree in a technical field). Some may require specific experience, such as a number of years with industrial software engineering experience. Other programs may require no specific entry criteria. The GSwERC model curriculum has specific entry criteria, so it is helpful to document how they compare with those of the curriculum being evaluated. 

Note that many programs have ways to assist students who lack the desired entry criteria. Sometimes these criteria may be waived, in which case the criteria for a waiver should be documented. In other cases, there are “leveling” or “articulation” courses available to help entering students attain knowledge or experience that they lack. Although such courses typically do not earn credit toward the software engineering degree, such is not always the case. Whatever a program’s specific approach to students who do not meet entry criteria, it is valuable to document that approach to facilitate the comparison.
3. Identify the courses required for all students.

Most programs have several “core” courses which all students must take, regardless of background or educational goals.  These “core” courses provide a common baseline for a program.  Please provide a description of the courses which are required for all students, including the official course numbers and titles.
4. Identify major paths through the program, if there are any options or “tracks”.
Some programs offer no choices or electives for software engineering students, while others offer several electives, and some may offer a significant number of choices, perhaps organized into distinct “tracks” or “options”. Comparisons with the GSwERC model are best done at this level – in other words, if a program offers several distinct options then it is desirable to compare each of them separately. It is not necessary to identify every conceivable option – the nominal goal is to have about three per program.  However, it is acceptable to have only one or to have four or five. The idea is to see whether different paths through the program, if offered, result in significantly different comparison results.
5. Characterize one or more hypothetical students representing the range of backgrounds and program paths.  (The nominal target for each program is to characterize 3 such students. However, programs with only one “track” and few electives might have only one.)
We have found that, as a rule, students with significantly different backgrounds and/or significantly different “tracks” or electives tend to show different overall results when compared with the GSwERC model. Thus this step of the process is to identify several hypothetical students who would differ significantly in terms of the background they would bring to the program and/or the courses they would take during the program.  Each hypothetical student should be characterized in terms of their background, their academic and professional goals, and the courses they will take during the program. For example: Student A has an industrial background and takes the data communications track; student B has a purely academic background and takes the system software track; student C has an industrial background and takes the management track.
In addition, some programs allow students to be admitted who do not completely fulfill the entrance requirements.  If such students are included in your hypothetical cases, please explain what courses the student would need to take in order to fully participate in the program.  For some programs, this may include requirements such as an introductory course in software engineering and an internship or work study program to gain real-world experience.  
6. For each hypothetical student, estimate the level to which the student would have achieved the 10 GSwERC outcomes upon entry to the program (based on the expected background of that student upon admission to the program). Use the rubric provided in Appendix 1.
To illustrate, a student with an undergraduate degree in software engineering might be expected to have attained at least a moderate level of mastery of the core software engineering material (outcome 1 of GSwERC). A student with 2 years of industrial software engineering experience might be expected to have attained some level of mastery in teamwork (outcome 6).

The abbreviated definitions of GSwERC Outcomes may be found in Appendix 2 of this document.  The outcomes are fully defined in GSwERC Volume I, as is the Core Body of Knowledge (Core BOK or CBOK).  Should you require a copy of version 1, please contact your GSwERC point of contact.

The result of this step might look as follows:
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7. Estimate the level to which the student would have achieved the 10 GSwERC outcomes upon completion of the core courses.  
Estimate, using the rubric in Appendix 1, the extent to which the core courses support achievement of the 10 outcomes, assuming all “leveling” courses have been completed.  This level of achievement will normally be the same for each student.  If, because of significant differences in student background or other factors, you do not judge that each student would have attained the same level upon completing the require core coursework, include a note to that effect so we can better understand the issue.  Although you may need to consider how individual courses contribute to outcomes, please only record the total expected achievement upon completion of each of the core courses, assuming they have completed all leveling and prerequisite courses.
8. Identify the courses that each hypothetical student would take in order to complete the program.
Each course should be described by a paragraph as well as by a title. Note that there may be several courses that more than one of the students will take. Here is an example of how courses would be described in the spreadsheet:
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Course Name

Brief Course Description

SWE 7001 Software Requirements

Defining and specifying software requirements that can be used as the basis for designing and
testing software. Includes use-cases for describing system behavior, formal methods, specifying
functional vs. nonfunctional requirements and the relationship of requirements to software testing.

SWE 7002 Software Architecture and Design

Explores the role of design in the software lifecycle including different approaches to design, design
tradeoffs and the use of design patterns in modeling object-oriented solutions. Focuses on important
aspects of a system’s architecture including the division of functions among system modules,
synchronization, asynchronous and synchronous messaging, interfaces and the representation of
shared information.

SWE 7005 Software Testing and Quality
Assurance

The relationship of software testing to quality with an emphasis on testing techniques and the role of
testing in the validation of system requirements. Includes module and unit testing, integration, code
inspection, peer reviews, verification and validation, statistical testing methods, preventing and
detecting errors, selecting and implementing project metrics and defining test plans and strategies
that map to system requirements.

SWE 7009 Software Project Planning and
Management

The issues associated with the successful management of a software development project. Includes
planning, scheduling, tracking, cost and size, estimating, risk management, configuration,
management quality, engineering and process improvement.





9. For each student, estimate the level to which such a student would be expected to attain the 10 GSwERC outcomes (using the rubric provided in Appendix 1). 
This should be done separately for each course. Also, if there is a core group of courses that all students must take, they should be grouped together. (Normally, if two or more students take the same course, the attainment expectations would be the same for each student. However, if other factors, such as student background, would result in differing attainment levels, this should be documented.)
Note: although you may need to consider how individual courses contribute to outcomes, please only record the total expected achievement from each of the non-core courses, assuming they have completed all core and prerequisite courses.

The result of this step might look something like this (for an individual student):
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10. Combine the information from steps 4, 6, and 9  to determine, for each student, the level to which the total program, plus entrance criteria, would enable attainment of the 10 GSwERC outcomes.
This is typically determined by using the highest attainment level from steps 6, 7, and 9, although sometimes the cumulative effect of several courses may be higher than any individual course attains.

The result of this step might look like this (for an individual student):
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Appendix 1 –Rubric for Comparison of Courses/Background with Outcomes
Additional information on the outcomes may be found in Appendix 2.  For detailed explanation, please see GSwERC Volume 1.
	
	Low 
	Low+/Medium- 
	Medium 
	Medium+/
High- 
	High 
	Comments 

	[1] CBOK 
	Students show mastery of a few CBOK knowledge areas but are missing many of the knowledge areas 
	Students show mastery of some CBOK areas but are missing knowledge in other areas 
	Students show good mastery of some CBOK knowledge areas but a lesser mastery of other areas 
	Students show good mastery of most CBOK knowledge areas 
	Students show good mastery of all CBOK knowledge areas 
	"show" is based on the program's self-defined assessment of student learning 

	[2] Application domain 
	Little mastery or little understanding of any application domain 
	Partial mastery or some understanding of one application domain 
	Elementary mastery and some understanding of one application domain 
	Mastery and understanding of one application domain 
	Very good mastery and understanding  of at least one application domain 
	Typical application areas include physics, chemistry, finance, military, biology, etc.

	[3] Synthesis level 
	Little ability to do synthesis in any CBOK area or sub-area 
	Some ability to do synthesis in one CBOK sub-area 
	Some ability to do synthesis in one CBOK area or several sub-areas 
	Good depth in one CBOK sub-area 
	Very good depth in one CBOK area or several sub-areas 
	"synthesis level" implies that the student can take existing ideas and combine those in new ways 

	[4] Ethics 
	Students behave ethically most of the time, but do not understand how to make ethical professional decisions 
	Students behave ethically, but sometimes do not demonstrate good decision making abilities for ethical decisions 
	Students behave ethically, but cannot formulate justifications for any ethical professional decision 
	Students behave ethically, but often have to guess at what is a good ethical professional decision.  Students study accepted ethics standards such as the ACM/IEEE sw engineering code of ethics.
	Students always behave ethically and usually make good ethical professional decisions.  Students study accepted ethics standards such as the ACM/IEEE sw engineering code of ethics.
	for "demonstrating how to make good ethical professional decisions" the student should be able to not only make the correct choice, but be able to justify that choice when faced with an ethical dilemma 

	[5] SwE and SE 
	Students have no awareness of the relationship between system engineering and software engineering and have no idea how to apply the system engineering principles and practices to software engineering 
	Students have little or some awareness of the relationship between system engineering and software engineering but don't know how to apply the system engineering principles and practices to software engineering 
	Students have some awareness of the relationship between system engineering and software engineering but can rarely apply the system engineering principles and practices to software engineering 
	Students have a good understanding of the relationship between system engineering and software engineering and can sometimes apply those system engineering principles and practices to software engineering 
	Students have a good understanding of the relationship between system engineering and software engineering and can apply those system engineering  principles and practices to software engineering 
	Students need to learn to define and solve problems and participate in interdisciplinary work

	[6] Team 
	Students have never worked in a team that has any diversity 
	Students have worked with a team that has some diversity but have never shown any leadership 
	Students work well in diverse team settings and occasionally take a lead role 
	Students work well in diverse team settings and are comfortable leading in at least one area 
	Students do very well in diverse team settings and can easily lead in one or more areas 
	

	[7] Reconciliation 
	Rarely can students deal with conflicting project objectives. 
	Occasionally students can find a partial solution for conflicting project objectives but those solutions only take into account a few of the limitations 
	Students can sometimes find a solution for conflicting project objectives that takes into account some of the limitations 
	Students can often find a solution for conflicting project objectives that takes into account almost all of the limitations 
	Students are very good at finding a means of reconciling conflicting project objectives that take into account all of the limitations 
	

	[8] Negotiation 
	Students don't really know these items nor appreciate them, can identify some stakeholders but may not communicate well with them
	Students know and appreciate some of the items, can identify some of the stakeholders but may not communicate well with them
	Students know what all of the items are, but may not fully appreciate the importance of them; can identify stakeholders and know how to communicate with them
	Students understand and appreciate all of the items; can identify key stakeholders and know how to communicate with them
	Students are very good at all of the items and have excellent communication skills
	

	[9] Professional development 
	Students have no interest in emerging developments in either field but may have some idea of where that could be found
	Students have little interest in emerging developments in software engineering and no interest in systems engineering developments but have some idea of where the software development information may be found
	Students are somewhat interested in emerging developments in software engineering but not systems engineering and may not know where to find information on each
	Students are interested in emerging developments in the software and systems engineering fields but may not know where to find such information
	Students are interested in emerging developments in the software and systems engineering fields and know where to find such information. 
	Students could be encouraged to join technical/professional societies and/or to take the CSDP or other professional certificaqtion exam.

	[10] Analysis techniques 
	Students cannot conduct any analysis of a significant software product or problem, nor can they articulate an assessment.  They cannot envision any improvements or extensions to the product.
	Students cannot conduct a correct analysis of a significant software product or problem, but to some extent can articulate what they did assess.  They cannot envision improvements nor extensions to the product
	Students can conduct an analysis of a significant software product or problem, but can neither articulate their assessment nor envision improvements or extensions to the product
	Students can conduct an analysis of a significant software product or problem, but may not be able to clearly articulate their assessment or may not be able to envision improvements or extensions to the product
	Students can conduct an analysis of a significant software product or problem and articulate their assessment and envision improvements or extensions to the product
	


 

 

Appendix 2 –Brief Description of GSwERC Outcomes
[1] Master the Core Body of Knowledgexe "Core Body of Knowledge (CBOK)"
The CBOKxe "Core Body of Knowledge (CBOK)" specifies a Bloomxe "Bloom taxonomy" Taxonomy level for each included knowledge area, subarea, topic, and subtopic. Mastering the CBOK requires learning principles exemplified through practice. A graduating student will have demonstrated 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. 
The CBOK Knowledge Areas are:

A.  Ethics and Professinoal Conduct

B. System Engineering

C. Requirements Engineering

D. Software Design

E. Software Construction

F. Testing

G. Software Maintenance

H. Configuration Management (CM)

I. Software Engineering Management

J. Software Engineering Process

K. Software Quality

For additional information on the CBOK, please see GSwERC Volume 1, section 6.

[2] Be able to apply 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 ability to apply software engineering includes understanding how differences in domain and type manifest themselves in both the software itself and in their engineering, and includes understanding how to learn a new application domain or type.
[3] Have mastered at least one knowledge area or sub-area from the CBOKxe "Core Body of Knowledge (CBOK)" to at least the Bloomxe "Bloom taxonomy" Synthesis level.
[4] Be able to make ethical professional decisions and practice ethical professional behavior.
[5] Understand the relationship between software engineering and systems engineering and be able to apply systems engineering principles and practices in the engineering of software.
[6] Be able to work effectively as part of a team, including teams that may be multinational and geographically distributed, to effectively communicate both orally and in writing, and to lead in one area of project development, such as project management, requirements analysis, architecturexe "architecture", construction, or quality assurance.
[7] Be able to reconcile conflicting project objectives, finding acceptable compromises within limitations of cost, time, knowledge, risk, existing systems, and organizations.
[8] Understand and appreciate the importance of feasibility analysis, negotiation, effective work habits, leadership, and good communication with stakeholders in a typical software development environment.
[9] Be able to learn new models, techniques, and technologies as they emerge, and appreciate the necessity of such continuing professional development.
[10] 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.
�This DTD concept does not belong here.
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