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Abstract

Software engineering is the fastest-evolving engineering discipline and most of the tasks
of software development organizations are diverse in nature. Various studies have
shown that there is a wide gap between software industry needs and education for
prospective software engineers. It is the responsibility of Software engineering education
to prepare SE professionals by providing them with the skills to meet the expectations
of the software industry. SE curriculum should correspond to the industry needs, and
only then can Universities produce highly skilled professionals, who can meet the needs
of software industry. During the last decade, software engineering education (SEE) has
been emerging as an independent and mature discipline. Accordingly, various studies
are being conducted to provide guidelines for SEE curriculum design. This paper
summarizes the need for software industry related courses and discusses the significance
of industry oriented software engineering education to meet the educational objectives
of all stakeholders. The software industry oriented curriculum for undergraduate and
graduate levels is discussed. An industry oriented graduate level (master’s level) software
engineering course which includes foundational and applied courses to provide effective
training for future software engineers is also proposed. This will lead to an increase in
their employment prospects in the industrial and allied sectors.

Key words: Curriculum, Software Engineering Education (SEE), Software Engineering,
Software Industry

Introduction

Software Engineering (SE) is becoming popular and is moving towards maturity.
Innovations and improvements in the curriculum, instructions and assessment are
being directed towards bridging the academia-industry gap by projecting the true
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nature of software development and facilitate the student in nurturing the essential
knowledge, skills and attitudes, which are actually needed by the industry (Shaw et
al., 2005). According to Moreno et al. (2012) aligning SE education with industry is
a considerable challenge. Recent studies by Kitchenham et al. (2005), Lethbridge et
al. (2007) and Moreno et al. (2012) also identified this issue. It is common to hear
the complaints of software engineering companies about the practical knowledge of
the students who start working after the completion of their academic programmes
(Mishra & Yazici, 2011). While students can have a high level of theoretical knowledge,
they often lack the practice of solving real-life industrial problems (ibid). Complaints
about software quality are becoming common and this depends on many factors and
partially on the university which does not teach essential skills (Jaakkola et al., 2006).
Many of the challenges associated with software engineering education are due to our
inability to provide students with the ‘real world, large-scale software development
experiences in an academic environment (Su et al., 2007). Therefore, the quality of
the SE workforce is a direct function of the quality of the SE education (SEE) (Mishra
et al., 2007). We are aware that SE is the fastest-evolving engineering discipline and
most of the software development organizations tasks are diverse in nature (Mishra
& Yazici, 2011). The pace of changes in SE is substantially higher, broader, and quicker
than the impact of other disciplines and the most important feature is its ability to
provide tools and methods throughout society, engineering and engineering education
(Kral & Zemlicka, 2008). In this context, it is the responsibility of SEE to prepare SE
professionals by providing them with skills to meet the expectations of the software
industry. Several researchers have already stressed the existing gap between software
engineering education and industry needs (Lee & Han, 2008; 2006; Aasheim et al.,
2009). To meet the industry requirements, professional curriculum design must be
based on the requirements of the software industry. Therefore, in order to effectively
fill this gap, it is necessary, on the one hand, to assure that educational programmes
provide the knowledge required for the job profiles suggested by industry and also
ensure that it is imparted in a manner enabling future professionals to correctly
handle the problems that they will face during their professional career (Loftus et
al., 2011). The process of industry oriented education must be characterized by the
involvement of industry oriented staff and the development and implementation
of an education quality assurance with suitable procedures and a strong industry
involvement along with key programme learning outcomes (Tao et al., 2010). Further,
if the students are well-versed in emerging technologies, in-house training duration
will be shorter, which means less time and money for organizations (Mishra et al.,
2007). Jaakkola et al. (2006) also supported the claim that SE curriculum should
correspond to the industry needs, because only then can universities produce highly
skilled professionals who can meet the needs of the software industry. They further
argued that the development of curricula should take into account different standards,
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frameworks, and recommendations developed by different interest groups. The
collaboration between the software industry and higher education departments can
lead to synergies for both in accomplishing their objectives (Mishra & Yazici, 2011).
Tao et al. (2010) recommended that industry oriented programme should include
the following:
1) A good programme concept
a) a design team with both academic and industrial experts
b) aimed at market demand
2) Taught programmes, including- Programme documentation, validation process,
programme committee, complete quality assurance system and industrial visit/
placements/projects
3) Cyclic optimizing mechanism
a) fit the industrial demand change
b) review and feedback on the education process 2 or 3 years.

The objective of this paper is to examine the issues of industry oriented SE education
and provide recommendations for graduate (master’s) level SE education.

The remainder of the paper is organized as follows: in Section 2, significant issues
of industry oriented software engineering education are discussed. In Section 3,
recommendations for graduate level SE education are presented. Finally, the paper
presents the conclusion in Section 4.

Industry Oriented Software Engineering Education

SE is a multidimensional field that involves activities in various areas and disciplines
such as computer science, project management, system architecture, human factors,
and technological evolution (Barzilay et al., 2009). Several efforts have been made to
map the different dimensions of SE and to design a proper curriculum that addresses
them all (SEEK, 2004 and Swebok, 2008).

Industrial Exposure in SE Education

The projects should be assigned to students with the aim of providing experience in
developing a medium sized software engineering project in a small team of four or five
students. The teams should take real projects including the innovative ones provided
by local businesses to give students industry experience. This will also provide students
with an in-depth knowledge of their project domain and students will acquire the
confidence and ability to apply that knowledge in practice. Regarding the evaluation of
students’ projects, Hayes et al. (2003) concluded that a good grading scheme must take
into account a range of information, not just rely on the final product. The challenge
is to come up with a system to grade the students in such a way that the same grading
criteria can be applied to all students although they have worked on different projects
(Clark, 2005). Gates et al. (2000) identified the importance of structuring individual
accountability to ensure that all members of a team contribute to the project. The
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scheme must include an approach for measuring the individual effort for each team
member. McGourty et al. (1998) suggested multi-source assessment as it provides
critical information from several sources, such as peers, self and faculty members,
on student competences and specific behaviour and skills, providing a student with
a better understanding of personal strengths and areas in need of development. The
Software Engineering project also focuses on giving the students opportunities to
communicate effectively.

Industrial practices can be included in SE curriculum in the following ways:

1. Process and product development dimensions can be assigned to teams to discuss
issues like software process and quality, software architecture and requirements
issues.

2. Small projects/assignments should be given as a part of a software project
management course in which students can use different software project
management tools to make different charts and diagrams.

3. Class discussions can be related to fundamentals, theory and practice.

4. The industry trend is communicated in various ways through invited talks,
mailing lists and technology based forums.

According to Barzilay et al. (2009) the four axes of the course framework provide
educators with the ready means of adapting the framework to their needs by adding,
removing or changing individual modules, as long as the axis rationale is kept. These
four axes are: 1) Fundamentals of SE, 2) Practices and Tools 3) Productization 4)
Technology Evolution.

Hilburn et al. (2006) strongly suggested that “Case studies are of special value in
problem-based learning, which concentrates on the development of problem-solving
skills, and team skills”. Group projects, as important educational components, are used
for teaching students various teamwork skills (Su et al., 2007). Su et al. (2007) observed,
however, that the importance of supplying students with the “real world” teamwork
environment is largely ignored in these academic group software development projects.
Group projects have been widely adopted in many undergraduate and post graduate
courses in software engineering, computer science, and information technology. The
major motivation for group projects within a higher level of education is to simulate
a “real world” setting, which has been identified as an important characteristic of
successful group project courses (Prey, 1995). Therefore, industrial case studies can
be helpful in understanding different real life aspects for future software engineers.
Industry-relevant case studies and projects along with industry internship should be
an integral component of the SEE curriculum (Saiedian, 1999; Wohlin & Regnell, 1999).

Association between the Software Industry and Academia

There are severe problems with the quality of software and the cost of producing
it (Ford and Gibbs, 1996) and often the software industry people complain about the
knowledge and skills of graduates in some of the key areas of SE such as: a) software
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development models; b) requirements engineering; c) software architecture and high-
level design; d) software processes; e) software quality assurance and management;
f) software project management; g) managing people, organizations and working in
teams; h) software testing; etc (Mishra & Yazici, 2011) .

According to the observations from Lethbridge’s study, the following topics are very
important for the software industry; however, generally, students could learn these
topics during job learning (Lethbridge, 2000a):

« object-oriented concepts and technologies,

« requirements gathering and analysis,

« analysis and design methods,

« testing verification and quality assurance,

» project management,

« human-computer interaction/user interfaces,

« databases,

« configuration and release management,

« ethics and professionalism,

« technical writing,

« delivering presentations/seminars to an audience,

o leadership skills.

According to Lethbridge (2000b) there is a need to include these subjects in the
curriculum along with the real industrial practice. Another important issue with
practice experience are the skills needed to work in groups. In the real software project
environment people need to work in groups. Kitchenham et al. (2005) also support
several observations mentioned by Lethbridge with respect to the over-emphasis
of mathematical topics and the under-emphasis of business topics. However, their
findings are different from Lethbridge’s with respect to the topics that have a larger
knowledge gap (Mishra et al., 2007). SE students should have skills to work individually
as well as in teams to develop and deliver quality software artefacts (SEEK, 2004).

The selection of a suitable industry partner to provide a challenging and motivating
project is critical to the success of industry-related projects (Mishra & Yazici, 2011).
Also, it is important that the industry client must be prepared to accept the outcome
of a failed project (Hogan et al., 2005). Usually students work on projects in teams and
different teams may come up with different solutions. These solutions are discussed
by the entire class. Students analyze various solutions and present their approach and
during this process, discussions facilitate learning and communication skills (Kornecki
et al.,2003). In most cases industry is interested in application-oriented activities that
bring more immediate solutions, help in the implementation of new products, or
improve the bottom line of everyday operations (ibid). Kornecki et al. (2003) further
observed that industry is competing for college graduates with the skills to meet the
challenges of developing safety-critical software-intensive systems as it is required to
get a steady influx of qualified personnel in these areas.
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An additional critical element in the success of SE programmes is the involvement
and active participation of industry (SEEK, 2004). In this context, Wohlin & Regnell
(1999) presented strategies for industrially relevant education for software engineers.
There are a variety of ways in which the industry and academia can cooperate and
many academic institutions have installed departmental or other academic unit-
wide industrial advisory boards (Mishra & Yazici, 2011). These groups, consisting
of managers and engineers from industries closely associated with the academic
organization, are one of the vehicles that provide feedback on an academic programme
direction. Including other typical forms of cooperation are occasional short-term
projects meeting the current needs of industry and allowing faculty and students to
become familiar with the domain and often contribute to the industrial partner’s goals
(Kornecki et al., 2003). Other modes of cooperation are student summer practices and
faculty internship programmes (Mishra & Yazici, 2011). These facilitate understanding
of industry needs and allow the university to make appropriate programme revisions
(ibid). All these approaches can be effective but do not present a stable result. Academic
institutions should be able to redesign and implement SE curricula that not only
emphasize theoretical and technical aspects of computing, but also focus on the
practice of software engineering (Dey & Sobhan, 2007).

The most recent ACM model curricula (ACM/IEEE, 2005) recognized the different
perspectives of academia and industry. They recommended teaching in our computing
curricula those technical and non-technical skills required for large software
development. It is also suggested to present students “with an appropriate range of
applications and case studies that link theory and skills learned in academia to real-
world occurrences to illustrate their relevance and utility” (ACM/IEEE, 2005, p. 36).

Development of SE Curriculum

In 1989, the Software Engineering Institute (SEI) of Carnegie Mellon University
published a landmark report on graduate education in Software Engineering (Ardis &
Ford, 1989). Graduate education is a key element in advancing the state of professional
software engineering practice (Ardis et al., 2011). Recently the Integrated Software &
Systems Engineering (ISSEC) Curriculum project at Stevens Institute of Technology
has developed a set of guidelines for master’s degree programmes, titled Graduate
Software Engineering 2009 (GSwE2009): Curriculum guidelines for graduate degree
programmes in software engineering (Pyster, 2009). Instructional material design
and content creation should take into account Bloom’s levels of learning (Bloom et
al., 1956). Since knowledge is assimilated at different levels, learning modules should
be constructed so as to take the learner from an elementary knowledge base of
information and concepts through application and analysis of the knowledge, and
finally towards synthesis and evaluation (Pinto, 2010).

Designing the curriculum should take the following issues into consideration (Pinto,
2010):
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1. Identify job opportunities and duties involved

2. Identify personality traits (soft-skills) required for the job

3. Identify the competences required to perform the job

4. Identify the knowledge, know-how and current skills required to achieve these
competences

5. Identify corresponding subject concepts (theory) to acquire the required
knowledge base

6. Identify assignments (practice) that enhance the “know-how” of the subject

7.1dentify the skill set (the means) required to perform the assignments

8. Identify the reference materials whose subject objectives match the knowledge
required in 5, 6 and 7 above.

9. Design assessments that can check a candidate’s knowledge at various levels for
a given competence.

Although the fundamental conceptual knowledge in IT remains the same, the
advances made in the technological area are varied and are changing swiftly (Mishra
& Yazici, 2011). Therefore, the skills set that the learner acquires must match the
one that the industry currently requires (ibid). The curriculum design must be
extensive enough to take this into account (Pinto, 2010). Pinto (2010) suggested that
a professionally designed curriculum would require inculcating two main types of
competences:

1. Professional competences that relate to the “knowledge base” required and the
ability to use this knowledge in the related work area.

2. Personal competences that represent a set of skills, attitudes and values that enable
the professional to work efficiently and adapt to his/her present environment.

Modern SE education is driven by an expectation that the industry’s best practice
and state of the art software technologies should be an integral part of the curriculum
as industrial strength project work is well regarded by potential employers (Hogan et
al., 2005). Industry-based projects have students working with a real client who has
a significant interest in the results of the project and developing software that is of
benefit to a real client is in itself a strong motivator (Tomayko, 1987), as is the use of
leading-edge commercial tools in the projects. Within the computer science model
curricula designed by the joint IEEE-CS/ACM task force, software engineering is
divided into eight core areas and four elective areas:

Core Areas:

o Software Design

« Using APIs

o Software Tools and Environments

o Software Processes

« Software Requirements and Specifications
o Software Validation
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o Software Evolution

« Software Project Management

« Elective Areas:

» Component-based Computing

o Formal Methods

o Software Reliability

« Specialized Systems Development

Koska & Romano (1988) recommended that the college curricula substantively
change to emphasize skills that require a systems approach and to create a wide
theoretical base and skills that are required by the industry. According to one of
the approaches, it is suggested to identify the skills and knowledge to be possessed
by the graduates and to examine how well the curriculum matches the needs of the
industry (Waks, 1995). The rapid pace of technological development must be realized
by continuous updating of educational programmes and engineering curricula (Waks
& Frank, 2000).

Recommendations for Graduate Level SE Education
SE Curriculum Design

Software Engineering deals with the creation and application of engineering
fundamentals for systematic and team-based analysis, development, use, evaluation,
etc. of large, software-intensive systems as technical product (Horn & Kupries,
2003). The need for highly qualified specialists being capable of mastering software
systems and adopting different tools throughout the entire process is the reason for
the emerging software engineering as a separate discipline from computer science
(Horn & Kupries, 2003).

o The Curriculum should be designed keeping in view the needs of the industry
which will provide employment to graduates.

o The structure of the individual courses (Obligatory and Optional) should follow
the models suggested by various authorities and should take into account different
prerequisites.

o The Curriculum should cover important areas of SE.

o Industrial projects should be an integral part of the Curriculum.

« Students should be able to understand the course and its significance.

The curriculum design is somewhat influenced by commercial companies, who
offer universities hardware and software of low prices, often together with ready-
made courses where this hardware and/or software is used. IBM offers free course
materials, training and curriculum development to universities in its academic
initiative programme (IBM, 2006). Similarly, Microsoft has provided financial support
for creating an SE Curriculum in specific areas (mainly for US universities) for several
years: currently proposing $ 1 million to assist in developing courses in computer
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science, business and law that focus on secure computing (which is a recent popular
area). Earlier, Microsoft was providing $480,000 to computer gaming curriculum
(Microsoft, 2006).

While developing the curriculum, it is important to determine the curriculum
objectives and the expected outcomes. Aligning SE education curriculum with industry
is a major challenge. Curriculum Guidelines for Undergraduate Degree Programs in
Software Engineering (SE, 2004) or GSWE2009 (Graduate Software Engineering) have
been developed with the relevance of industrial needs in mind (Moreno et al., 2012).
Thus, during the initiation of a course both stakeholders (academia, industry) need to
collaborate with each other in setting the curriculum. At later stages of the curriculum
development, other interest groups and accreditation bodies are also involved. IEEE
(SEEK, 2004) provides the comprehensive and latest guidelines for undergraduate
programmes in SE. It includes directions for SE curriculum design, delivery, courses
and sequences. Other programme implementation issues such as faculty, students,
infrastructure and industry co-ordination, assessment and accreditation have also been
discussed briefly (Mishra et al., 2007). A framework “Guide to the Software engineering
Body of Knowledge-SWEBOK?” (Swebok, 2008) defines the software engineering
knowledge that professionals should have after four years of course completion. As a
body of knowledge, SWEBOK is well structured and comprehensive. However, several
SE researchers raised concerns about some issues of SWEBOK. Recently Pyster et
al. (2009) also supported that it reflects software development of the late 1990s and
early 2000s and, for instance, it does not really address the highly distributed global
software development projects and web-based development and agile methods. The
Agile Software Development paradigm has become increasingly popular in the last few
years, since it claims lower costs, better productivity, better quality and better business
satisfaction (Mishra & Mishra, 2011). Further, Software Verification and Validation (V
& V) is one of the most important fields of software engineering for developing high
quality software. It is also a new concept gradually becoming part of the curriculum of
the universities’ software and computer engineering departments. ACM classification
and IEEE SE 2004 models provide the tools to position the curriculum contents in the
map of “computing science”, which is especially important from the research point of
view (Jaakkola et al., 2006).

The Computing Curricula 2005 overview report is a further attempt of IEEE
and ACM joint task force towards providing guidelines in Computer engineering,
computer science, information technology, information systems and a software
engineering undergraduate course. Efforts have also been initiated towards a graduate
course in SE. Based on rigorous literature review, available recent guidelines for
Graduate Software Engineering 2009 (GSwE2009) (Pyster, 2009) and consultation
with SE academics, the following tables present a good combination of core, optional
and industry oriented projects for graduate level SE education.
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Table 1. Core Software Engineering Courses

Course Title Credits

Foundations of Software Engineering 3
Software Requirements Engineering
Software Project Management

Software Engineering Process

Software Quality assurance
Software Testing and Validation
Software Architecture and Implementation

w w w w w w

Table 2. Advanced Software Engineering Course

Course Title (3 credits each) ‘ Credits:
Analysis and Design of Information System Choose any three courses of 3 credits each
Advanced Computer Networks
Software Technology Management
Embedded and Real-time Software Engineering
Computer Animation and Virtual Reality
Human Computer Interaction
Distributed Systems
Software Evolution (Maintenance)
Engineering Economics for Software
Cyber Ethics and Laws
Data Mining and Warehousing
Emerging Trends in Software Engineering

Table 3. Industrial project

‘ Software Industrial project (5-6 months duration) ‘ 9 credits ‘

GSwE2009 guidelines strongly recommend that 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 real life
software development environment.

These guidelines further recommend that students demonstrate their accumulated
skills and knowledge in capstone experience, which might be a software industrial
project, internship/summer training, or a thesis.

According to the recent GSWE2009 guidelines in master’s programme the following
percentages have been specified as core by CBOK - Master the Core Body of

Knowledge:
Ethics and Professionalism (1-2%)
System Engineering (2-3%)
Requirements Engineering ~ (6-8%)
Software Design (9-11%)
Software Construction (1-3%)
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Software Testing (4-6%)
Software Main Concept (3-4%)
Configuration Management  (2-3%)
Software Eng. Management  (7-9%)

Software Process (3-4%)
Software Quality (3-4%)
Non-core Curriculum (~50%)

Framework for an Industry-Oriented Software Engineering
(Undergraduate) Curriculum

O’ Leary et al., (2006) surveyed software industry employers in Ireland, the UK
and China and found that the ability to learn, the ability to adapt to changing
circumstances, and the ability to place developments and emerging technologies in
context are the qualities which employers in this industry consider to be the crucial
ones. It is also interesting to note a respondent’s comment that “throughout their
careers, most people will learn any number of new technologies, but it will be much
easier to do this if you have a solid knowledge of the fundamentals”

O’ Leary et al., (2006) reported on the Emersion industry-oriented software
engineering curriculum based on collaboration between Dublin Institute of Technology
(DIT), Harbin Institute of Technology (HIT) and University of Wolverhampton
(UOW). The Emersion programme has been designed to lead a novice through a four-
year programme in order to graduate as an industrially-oriented practitioner. They
presented the following framework for the industry-oriented software engineering
curriculum:

The first year objective is to provide students with foundational programming and
problem solving skills, good communication and presentation skills as well as the
recognition of the main topics in computing and the role of the software engineer
in industry.

During the second year it is important to develop the students’ abilities in developing
the whole systems, thus introducing the problems related to modular and object
oriented software development. The significance of design approaches and
methodologies is stressed as the key one at this stage.

The third year aim is to enhance the students’ software development skills to the point
where they can develop solutions for reasonably large, industrial types of problems, thus
further developing their problem solving and software engineering skills.

The final year focuses entirely on preparing the students for the transition into
industry. Successful integration into commercial organizations where a graduate
would be in a position to become productive within a short time span is the principal
objective of this year. In this year students will also complete the work placement
programme (industry internship), which runs parallel to their writing of the academic
dissertation. By requiring students to complete their dissertation while on the project
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placement, with the topic selected and the project supervised (in part) by industrial
supervisors, students are presented with an opportunity to begin their transition from
the academic to the industrial environment (O’ Leary et al., 2006).

A Plan for the Software Industry and Academic Linkage

1. There should be a continuous summer internship programme or one semester
industrial project at the software industry research and development facilities.
2. There should be an exchange programme between the faculty and technical
personnel from the software industry. The faculty may spend their summer or
sabbatical leave at the software industry while the industry personnel may be
invited to deliver a series of lectures on their real-life software projects, challenges,

recent advances in software, hardware, tools, etc.

3. The establishment of a chair with support from the software industry to encourage
industry oriented research and exchange of knowledge among academics and
industry personnel.

4. Fellowships, project support, awards and similar financial encouragement for
students and faculty should be introduced.

5. There should be a continuous transfer of the research outcomes, solutions and
technologies to an industrial partner.

6. Installation of a laboratory with the support of the industrial partner’s software
engineering areas of interest at the University. This will conduct software
engineering related research in areas of mutual interest.

7. Inclusion of courses consistent with the objectives of the industrial partner.

SE Ethics and Professional Practice

Professional practice and continuous education along with the computing-software
ethics should also be included in the SE curriculum for both undergraduate and
post graduate students. These will provide the information required for prospective
software engineers and managers as they will have to manage different types of
operations, contracts, outsourcing, etc. in the future (Dey & Sobhan, 2007). The
teaching of computing and software ethics should be an integral part of the SE
curriculum. Facing ethical dilemmas is an integral part of a software engineer’s career
and therefore academia should provide such a course and training to prospective SE
engineers. The accreditation standards for SE programmes also emphasize these issues.
Institutions seeking accreditation in engineering related programmes by ABET are
asked to specify how the programmes assure the development of an understanding
of the ethical, social, and economic considerations in the professional practice (ABET,
2002). The teaching of SE ethics must focus on the production of software product
and should be different from the myriad of abuses that occur via the use of a computer
(Towell, 2003). Students should also provide information regarding how to handle
confidentiality and conflict of interest situations in SE areas.
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Accreditation and SE Programmes

Accreditation is one of the major concerns to judge the merit of a programme. It
encourages universities to review their programmes periodically to keep pace with
the fast growing requirements changes in business and technology (Dey & Sobhan,
2007). The Accreditation standards for SE programmes also highlight ethical issues.
Institutions seeking accreditation in engineering related programmes by the ABET
are asked to address the issue of how the programme assures the development of an
understanding of the ethical, social, and economic considerations in the professional
practice (ABET, 2002). The accreditation process of undergraduate and graduate SE
courses is still at its initial stage in many countries. It is expected that the accreditation
organizations concerned will provide a vision towards industry oriented courses and
projects to all stakeholders in an excellent way in the future.

Conclusion

SE is gradually becoming a mature discipline and increasingly critical in all walks of
life. The demand for SE has been increasing but efficient and knowledgeable software
engineers are not available. This requires a rigorous in-house training by software
development houses. The collaboration between the software industry and academic
departments will lead to the synergy of both parties to accomplish their objectives.
The university has a research facility but the financial support for that research should
come from the industry. This would provide real-life project handling experiences as
well as financial incentives for students. The faculty will engage in applied research
and make a contribution to the solution of software industry problems. Theoretical
research will find a way to appreciate its realization in real software projects. The
result of the lab activities can be used in the classrooms for discussions and further
enrichment of the curriculum.

There are many reasons for incorporating real, unique industry projects: increased
student motivation and confidence; students can explore in-depth ICT areas not
covered in the curriculum or the ones covered only in a summarized manner; students
can develop increased problem-solving and critical thinking skills, communication
skills and business vision (Clark, 2005). It is further suggested that if the students are
also allowed to work in teams, the plan must structure individual accountability and
derive information from all related sources towards a better understanding of both
strengths and areas for further improvement.
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Kurikul za prakti¢no visoko
obrazovanje programskih inzenjera

Sazetak

Programsko inZenjerstvo je najbrZe rastuca disciplina inZenjerstva i vecina zadataka
kojima se bave institucije zaduZene za razvoj racunalnih programa razlilite su
prirode. Razna istraZivanja pokazala su da postoji Siroki jaz izmedu potreba
industrije racunalnih programa s jedne strane i obrazovanja buducih programskih
inZenjera s druge strane. Duznost je obrazovanja u podrucju programskog
inZenjerstva dobro pripremiti strucne programske inZenjere na nacin da im se
omoguli uvjezbavanje vjestina koje odgovaraju potrebama industrije racunalnih
programa. Kurikul za programsko inZenjerstvo trebao bi odgovarati potrebama
industrije i tek Ce tada sveucilista biti u mogucnosti osposobljavati visoko kvalitetne
strucnjake koji mogu zadovoljiti potrebe industrije. Tijekom posljednjeg desetljeca
obrazovanje u podrucju programskog inZenjerstva javlja se kao samostalna i zrela
disciplina. Shodno tomu, provode se razna istraZivanja da bi se osmislile smjernice
za izradu kurikula za programsko inZenjerstvo. Ovaj rad predstavlja potrebu za
kolegijima usko povezanima s industrijom racunalnih programa i raspravlja
o0 vaZnosti prakticnog obrazovanja programskih inZenjera da bi se udovoljilo
obrazovnim potrebama svih sudionika u tom procesu. Raspravlja se o kurikulu
s bitnim elementima prakticne nastave na dodiplomskom i diplomskom stupnju
obrazovanja. Diplomski studij (magistarski studij) programskog inZenjerstva koji
ukljucuje strucnu praksu takoder se predlaze jer integrira i osnovne teorijske i
prakticne predmete kojima se postiZe uspjesno obucavanje programskih inzenjera.
To ¢ée dovesti do boljih izgleda za njihovo zaposljavanje u industrijskim i slicnim
sektorima.

Kljucne rijeci: kurikul, obrazovanje u podrucju programskog inZenjerstva, programsko
inZenjerstvo, industrija racunalnih programa

Uvod

Programsko inZenjerstvo postaje sve popularnije i polako postiZe svoju zrelost.
Inovacije i pobolj$anja kurikula, upute i procjenjivanje znanja kre¢u se k premos¢ivanju
jaza izmedu sveucili$ta i industrije tako $to prikazuju pravu prirodu razvoja ra¢unalnog
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programiranja i olak$avaju studentima razvijanje osnovnog znanja, vjestina i stavova
koji su zaista potrebni industriji (Shaw i sur., 2005). Prema Moreno i sur. (2012)
uskladivanje programskog inzenjerstva i industrije predstavlja znacajan izazov. U
istrazivanjima Kitchenhama i sur. (2005), Lethbridgea i sur. (2007) i Morena i sur.
(2012) takoder su prepoznati isti problemi. Cesto se mogu ¢uti prituzbe kompanija
koje se bave programskim inZenjerstvom na prakti¢no znanje studenata koji po¢inju
raditi nakon zavrSetka akademskog studija (Mishra i Yazici, 2011). Iako studenti imaju
visoki stupanj teoretskog znanja, ¢esto im nedostaje prakse u rjeSavanju stvarnih,
svakodnevnih problema industrije (isto). Prituzbe na kvalitetu programa su sve
ucestalije, $to ovisi o mnogobrojnim faktorima, ali djelomi¢no i o sveudilistu koje
ne poucava studente klju¢nim vjestinama (Jaakkola i sur., 2006). Mnogi izazovi
obrazovanja u podruéju programskog inZenjerstva postoje zbog nase nemoguénosti
da studentima pruzimo stvarno, opsezno iskustvo u razvoju programiranja u
akademskom okruzju (Su i sur., 2007). Stoga je kvaliteta rada programskih inZenjera
direktna funkcija kvalitete obrazovanja u podruéju programskog inZenjerstva (Mishra
i sur., 2007). Svjesni smo da je programsko inZenjerstvo najbrze rastuca disciplina
inZenjerstva te je ve¢ina zadataka institucija koje se bave programskim inZenjerstvom
razli¢ite prirode (Mishra i Yazici, 2011). Brzina promjena u programskom inZenjerstvu
je znatno veca, $ira i brza nego utjecaj ostalih disciplina, a najvaznija mu je odlika
sposobnost da pruzi alate i metode cijelom dru$tvu, inZenjerstvu i obrazovanju
inZenjera (Kral i Zemlicka, 2008). U tom kontekstu duznost je obrazovanja u podrudju
programskog inZenjerstva pripremiti stru¢ne programske inZenjere tako §to ¢e
im pruziti usvajanje vjestina koje industrija racunalnih programa treba i ocekuje.
Nekolicina istraZivaca ve¢ je naglasila postojanje jaza izmedu obrazovanja u podrudju
programskog inzenjerstva i potreba industrije (Lee i Han, 2008; 2006; Aasheim i sur.,
2009). Kako bi se udovoljilo potrebama industrije, stru¢ni kurikul mora se temeljiti
na potrebama industrije racunalnih programa. Stoga, da bi se u¢inkovito premostio
jaz izmedu obrazovanja i potreba industrije, potrebno je, s jedne strane, osigurati
obrazovne programe koji ¢e pruzati znanja neophodna za profile zanimanja koje
predlaze industrija i takoder osigurati da se programi primjenjuju tako da osiguraju
buduéim stru¢njacima potrebne vjestine pomocu kojih ¢e uspjesno rje$avati poteskoce
na koje ¢e nailaziti u svom poslu (Loftus i sur. 2011). Sastavni dio procesa prakti¢nog
obrazovanja moraju biti i profesori koji posjeduju odredena prakti¢na znanja, te
osiguranje kvalitete obrazovanja pomoc¢u odgovarajucih postupaka i znacajne
ukljuéenosti industrije uz klju¢ne ishode obrazovanja (Tao i sur. 2010). Nadalje,
ukoliko su studenti dobro upoznati s novim tehnologijama, prakti¢na ¢e obuka u
ustanovi biti kraca, §to zna¢i manje vremena i novca za organizacije (Mishra i sur.,
2007). Jaakkola i sur. (2006) se takoder slazu da bi kurikul za obrazovanje programskih
inZenjera trebao odgovarati potrebama industrije, jer samo u tom slucaju sveucilista
mogu obrazovati visoko kvalificirane stru¢njake koji mogu odgovoriti na potrebe
industrije rac¢unalnih programa. Nadalje tvrde da bi izrada kurikula trebala uzeti
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u obzir razlicite standarde, okvire i preporuke raznih interesnih grupa. Suradnja
industrije ra¢unalnih programa i odsjeka obrazovnih institucija moze dovesti do
sinergije za obje strane pri postizanju ciljeva (Mishra i Yazici, 2011). Tao i sur. (2010)
preporucuju sljedece elemente koje bi prakti¢ni programi trebali ukljudivati:
1) Dobar koncept programa
a) Dizajnerski tim sastavljen od znanstvenika i prakticara
b) Usmjerenost prema potraznji trzista
2) Programi koji se poucavaju, uklju¢uju¢i dokumentaciju programa, postupak
validacije, programski odbor, potpun sustav osiguranja kvalitete i posjete/praksa/
projekti u suradnji s industrijom
3) Mehanizam ciklickog optimiziranja
a) Uskladen s promjenama u potrebama u industriji
b) Pregled i povratna informacija o obrazovnom procesu 2 ili 3 godine.

Cilj ovoga rada je istraZiti probleme prakti¢nog obrazovanja u podrucju programskog
inZenjerstva i pruziti preporuke za diplomski (magistarski) stupanj obrazovanja u
podrudju programskog inZenjerstva.

Ostatak rada podijeljen je na sljedeci nacin: u 2. poglavlju raspravlja se o vaznim
pitanjima i problemima prakti¢nog obrazovanja u podrudju programskog inZenjerstva.
U 3. poglavlju daju se preporuke za diplomski studij programskog inzenjerstva. Na
kraju se daje zaklju¢ak u poglavlju 4.

Problemi prakti¢cnog obrazovanja programskih

inZenjera

Programsko inZenjerstvo je viSedimenzionalno podrudje koje uklju¢uje aktivnosti
u raznim podrudjima i disciplinama kao §to su informacijska znanost, upravljanje
projektima, arhitektura informacijskih sustava, ljudski faktori te razvoj tehnologije
(Barzilay i sur., 2009). Do sada je bilo nekoliko pokusaja odredivanja dimenzija

programskog inZenjerstva i stvaranja kvalitetnog kurikula koji ih sve uzima u obzir
(SEEK, 2004 i Swebok, 2008).

Prakti¢no iskustvo u obrazovanju programskih inZzenjera

Studentima bi se, u Cetvero¢lanim ili peteroclanim timovima, trebali zadavati projekti
s ciljem stjecanja iskustva u razvoju srednje opseznih programerskih projekata. Timovi
bi trebali dobiti stvarne projekte, uklju¢ujuéi i one inovativne koje bi omogucile
lokalne firme da bi studentima pruzile pravo iskustvo rada u njihovoj grani industrije.
To bi takoder omogu¢ilo studentima detaljno znanje domene njihovog projekta te bi
studenti stekli pouzdanje i sposobnost da prakti¢no primjene steeno teorijsko znanje.
Sto se ti¢e ocjenjivanja projekata dodijeljenih studentima Hayes i sur. (2003) dolaze
do zakljucka da bi dobro razraden plan ocjenjivanja morao uzeti u obzir ¢itav niz
¢imbenika, a ne samo procjenu zavr$nog proizvoda. Izazov je kako osmisliti sustav
ocjenjivanja studenata na takav nacin da se isti kriteriji ocjenjivanja mogu primijeniti
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na sve studente iako su radili na razli¢itim projektima (Clark, 2005). Gates i sur.
(2000) uvidjeli su vaznost uvodenja pojedina¢ne odgovornosti da bi bili sigurni da
su svi ¢lanovi tima doprinijeli razvoju projekta. Taj plan ocjenjivanja mora ukljuditi
i pristup za odredivanje uloZenog truda svakog pojedinca u timu. McGourty i sur.
(1998) predlozili su vi$estruko ocjenjivanje jer ono pruza kriti¢ke informacije od
strane nekoliko izvora kao $to su kolege i ¢lanovi sveucili$ne zajednice. Te informacije
odnose se na kompetencije, odreden obrazac ponasanja i vjestine studenata, pruzajuéi
studentu bolje razumijevanje njegovih osobnih snaga i podruéja na kojima bi trebao
poraditi. Projekt programskog inZenjerstva takoder je usmjeren k pruzanju prilike
studentima da nauce uspje$no komunicirati.

Prakti¢ni rad se u kurikul obrazovanja programskih inzenjera moze ukljuciti na

sljedece nacine:

1. Aspekti procesa i razvoja proizvoda mogu se dodijeliti timovima koji ¢e
raspravljati o pitanjima kao $to su proces i kvaliteta programa, programska
arhitektura i zahtjevi.

2. Manji projekti/zadaci trebali bi se zadavati kao dio kolegija o upravljanju
programskim projektima u kojemu bi studenti koristili raznovrsne alate
upravljanja programskim projektima da bi izradili razne tablice i dijagrame.

3. Diskusije unutar veée grupe studenata bile bi usmjerene na osnove, teoriju i
praksu.

4. Trendovi u industriji predstavljaju se organiziranjem predavanja, preko mailing-
lista, te foruma o tehnologiji.

Prema Barzilay i sur. (2009) Cetiri okosnice okvira kolegija pruZaju nastavnom
osoblju ve¢ gotove nacine prilagodavanja okvira svojim potrebama dodavanjem,
uklanjanjem ili mijenjanjem pojedinih modula, sve dok se omjer okosnica ne mijenja.
Ove Cetiri okosnice su: 1) osnove programskog inzenjerstva; 2) Praksa i alati 3)
Produktizacija i 4) Razvoj tehnologije.

Hilburn i sur. (2006) ¢vrsto su uvjereni da su ,analize slu¢aja od posebne vaznosti u
problemskom ucenju koje je usredotoceno na razvoj vjestina za rjeSavanje problema,
kao i razvoj vjestina za dobar timski rad.“ Grupni projekti se, kao vazne obrazovne
komponente, koriste za poucavanje studenata raznim vje$tinama potrebnima za rad
u timu (Su i sur., 2007).

Su i sur. (2007) su, medutim, primijetili da se vaznost upoznavanja studenata sa
stvarnim radnim okruzjem timskog rada ¢esto zanemaruje u akademskim projektima
programiranja. Grupni projekti se uvelike prihvac¢aju u mnogim dodiplomskim i
poslijediplomskim kolegijima u podru¢ju programskog inzenjerstva, informacijske
znanosti i informacijske tehnologije. Glavna motivacija u grupnim projektima na
visokom stupnju obrazovanja je simulacija stvarnog radnog okruzja, za $to je utvrdeno
da je glavno obiljeZje kolegija koji podrazumijevaju grupne projekte (Prey, 1995). Stoga
analize slu¢ajeva iz industrije za buduée programske inZenjere mogu biti od velike
pomodi pri razumijevanju raznih stvarnih aspekata Zivota. Takve analize slu¢ajeva i
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takvi projekti u kombinaciji sa staZiranjem u struci trebali bi biti sastavni dio kurikula u
podrudju obrazovanja programskih inZenjera (Saiedian, 1999; Wohlin i Regnell, 1999).

Povezivanje industrije racunalnih programa i sveucilista

Postoje ozbiljni problemi s kvalitetom programa i troskovima koji nastaju njihovom
proizvodnjom (Ford i Gibbs, 1996) te se zaposlenici industrije ratunalnih programa
Zale na znanje i vjestine apsolvenata u nekim kljuénim podru¢jima programskog
inzenjerstva kao $to su: a) modeli razvoja programa; b) inzenjering zahtjeva; c)
programska arhitektura i napredni dizajn; d) programski procesi; e) osiguravanje
kvalitete programskog proizvoda i upravljanje istim; f) upravljanje programskim
projektima; g) upravljanje ljudima, organizacijama i timskim radom; h) testiranje
programa itd.

Prema opazanjima opisanima u Lethbridgevom istraZivanju, sljedec¢e teme su jako
vazne za programsku industriju, iako bi ih, opéenito govore¢i, studenti mogli nauditi
tijekom stru¢ne prakse (Lethbridge, 2000a):

o Objektno-orijentirani pojmovi i tehnologije;

« Prikupljanje i analiza zahtjeva;

o Metode analize i dizajna;

« Ovijera testiranja i osiguravanje kvalitete;

o Upravljanje projektima;

o Interakcija ovjek-racunalo/korisnicko sucelje;

« Baze podataka;

o Upravljanje konfiguracijom i izdanjem;

« Etika i profesionalizam;

o Tehnicko pisanje;

« Odrzavanje prezentacija/seminara slusateljstvu;

« Vjestine vodstva.

Prema Lethbridgeu (2000b) postoji potreba da se svi ovi predmeti ukljuce u kurikul
zajedno s pravom stru¢nom praksom. Drugo vazno pitanje koje se ti¢e prakti¢nog
iskustva su vjestine potrebne za grupni rad. U stvarnom okruZenju izrade programskog
projekta ljudi moraju raditi u grupama. Kitchenham i sur. (2005) takoder se slazu s
nekoliko Lethbridgeovih zapazanja koja se ti¢u prevelikog naglasavanja matematickih
tema a nedovoljnog bavljenja poslovnim temama. Medutim, njihova opaZanja
razlikuju se od Lethbridgeovih u temama u kojima je vidljiv ve¢i raskorak u znanju
(Mishra i sur., 2007). Studenti programskog inZenjerstva trebali bi posjedovati vjestine
samostalnog rada jednako kao i vje$tine timskog rada da bi razvijali i proizvodili
kvalitetne programske artefakte (Kurikul obrazovanja programskih inZenjera, 2004).

Izbor odgovarajuceg industrijskog partnera koji ¢e omoguditi intrigantan i
motivirajudi projekt od presudne je vaznosti za industrijske projekte (Mishra i Yazici,
2011). Takoder je vazno napomenuti da klijent mora biti spreman prihvatiti i rezultate
propalog projekta (Hogan i sur., 2005). Obi¢no studenti na projektima rade u timovima
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pa razliciti timovi mogu do¢i do razli¢itih rjeSenja. O tim rje$enjima raspravlja cijela
grupa te studenti analiziraju razna rjesenja i predstavljaju svoj pristup. Tijekom ovoga
procesa razgovori olaks$avaju ucenje i razvijaju komunikacijske vjestine (Kornecki i
sur.,2003). U ve¢ini slu¢ajeva industrija je zainteresirana za aktivnosti primjene znanja
koje donose izravna rjeSenja, pomazu u provodenju novih proizvoda ili pobolj$avaju
najvaznije ¢imbenike svakodnevnog rada (isto). Kornecki i sur.(2003) su nadalje
opazili da se industrija otima za apsolvente koji posjeduju vjestine odgovaranja na
izazove razvijanja sigurnosno kriti¢nih sustava programske arhitekture jer se zahtijeva
stalan priljev kvalificiranog osoblja u ovim podru¢jima.

Jo$ jedan element od presudne vaznosti za uspjeh plana programskog inZenjerstva
je ukljuc¢ivanje i aktivno sudjelovanje industrije (Kurikul obrazovanja programskih
inZenjera, 2004). U ovom kontekstu, Wohlin i Regnell (1999) predstavili su strategije
obrazovanja programskih inZenjera koje su jako bitne za industriju. Postoje mnogi
nacini na koje sveuciliste i industrija mogu suradivati. Mnoge akademske institucije su
imenovale industrijske savjetodavne odbore u nekim odjelima ili u cijelom sveucilistu
(Mishra i Yazici, 2011). Ti odbori se sastoje od direktora i inZenjera iz industrije
usko povezane s akademskom organizacijom, te su jedno od sredstava koja daje
povratnu informaciju o tome kako se akademski program odvija uklju¢ujudi i ostale
uobicajene oblike suradnje kao $to su povremeni kratki projekti koji odgovaraju
potrebama industrije. Takvi projekti omogucéuju fakultetu i studentima da se upoznaju
sa svojim podrucjem i ¢esto pridonesu ostvarenju ciljeva industrijskog partnera
(Kornecki i sur., 2003). Dodatni oblici suradnje su ljetna stru¢na praksa studenata kao
i provodenje fakultetskog programa staziranja (Mishra i Yazici, 2011). Oni omogucuju
bolje razumijevanje potreba industrije i omogucuju fakultetu korigiranje nastavnih
programa (isto). Svi ovi pristupi mogu biti u¢inkoviti ali ne predstavljaju trajno
rje$enje. Akademske institucije trebale bi biti sposobne preurediti i provesti kurikul
programskog inZenjerstva koji ne samo da nagla$ava teoretske i tehnicke aspekte
racunarstava, nego se takoder fokusira na prakti¢ni dio programskog inZenjerstva
(Dey i Sobhan, 2007).

Najnoviji ACM model kurikula (ACM/IEEE, 2005) uocava razli¢ite perspektive
sveudiliSta i industrije. Ti kurikuli preporucuju poducavanje onih tehnickih i ne-
tehnickih vje$tina u kurikulima racunarstva koje su potrebne za razvoj velikih
programa. Takoder se predlaze da bi studentima trebalo pruziti ,prikladan niz
primjena znanja i analiza slu¢ajeva koji povezuju teoriju i vje$tine usvojene na
sveuc¢ili$tu sa dogadanjima i pojavama u stvarnom svijetu da bi se zorno predo¢ila
njihova vaznost i korisnost (ACM/IEEE, 2005, str. 36).

Razvoj kurikula za obrazovanja programskih inzenjera

Godine 1989. Institut za programsko inZenjerstvo (the Software Engineering
Institute) Sveucilista Carnegie Mellon objavio je relevantno izvije$¢e o diplomskom
obrazovanju u podrudju programskog inzenjerstva (Ardis i Ford, 1989). Diplomski
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studij klju¢an je element u pobolj$anju statusa stru¢ne prakse u programskom
inZenjerstvu (Ardis i sur., 2011). Nedavno je projekt razvoja kurikula Integriranog
programskog i inZenjerstva sustava na Stevens tehnoloskom institutu (Stevens
Institute of Technology) predstavio niz smjernica za magistarske studije pod nazivom
Diplomski studij programskog inZenjerstva 2009 (GSWE2009): smjernice kurikula za
diplomski stupanj obrazovanja u podrudju programskog inZenjerstva (Pyster, 2009).
Izrada instrukcijskih materijala i odredivanje obrazovnog sadrzaja trebali bi uzeti u
obzir Bloomove stupnjeve ucenja (Bloom i sur., 1965). Bududi da se znanje usvaja na
razli¢itim stupnjevima, moduli u¢enja trebali bi se izradivati tako da vode ucenika od
osnovne razine znanja o informacijama i pojmovima do primjene i analiza znanja, te
konaéno do sinteze i procjene znanja (Pinto, 2010).

Izrada kurikula treba razmotriti sljedec¢a pitanja (Pinto, 2010):

1. Odrediti izglede za zapo$ljavanje i pripadajuce duznosti.

2. Odrediti osobne karakteristike (soft-skills) koje se traze za taj posao.

3. Odrediti kompetencije koje su potrebne za obavljanje posla.

4. Odrediti znanje, prakti¢no znanje i vjestine koje su trenutno potrebne da bi se

ovladalo tim kompetencijama.

5. Odrediti odgovarajuce predmete/kolegije (teoriju) koji su potrebni da bi se

usvojilo trazeno osnovno znanje.

6. Odrediti zadatke (praksu) koji povecavaju stupanj prakti¢nog znanja.

7. Odrediti skup vjestina (sredstva) koje su potrebne da bi se zadaci uspjesno izvrsili.

8. Odrediti literaturu ¢iji obrazovni ciljevi odgovaraju znanju koje se traZi u pitanjima

5,6.17.

9. Izraditi zadatke koji mogu provijeriti znanje kandidata na razli¢itim stupnjevima

pojedinih kompetencija.

Tako temeljno konceptualno znanje u informacijskog tehnologiji ostaje isto, ostvareni
napredak u podrucju tehnologije raznolik je i brzo se mijenja (Mishra i Yazici, 2011).
Stoga, skup vjestina koje u¢enik usvaja mora odgovarati onima koje industrija trenutno
koristi i treba (isto). Izrada kurikula mora biti dovoljno sveobuhvatna da ovu ¢injenicu
uzme u obzir (Pinto, 2010). Pinto (2010) je predlozio da bi stru¢no izraden kurikul
zahtijevao ukljucivanje dviju glavnih vrsta kompetencija:

1. Stru¢ne kompetencije koje se odnose na ,,osnovno znanje“ koje se trazi i sposobnost
da se to znanje koristi u srodnom podruéju rada.

2. Osobne kompetencije koje predstavljaju skup vjestina, stavova i vrijednosti i koje
omogucavaju stru¢njaku da uéinkovito obavlja svoj rad i da se prilagodi svojoj
trenutnoj okolini.

Moderno obrazovanje programskih inZenjera vodeno je o¢ekivanjima da ¢e najbolja
praksa u industriji i najnovije i najbolje programske tehnologije postati sastavni dio
kurikula jer potencijalni poslodavci blagonaklono gledaju na prakti¢ni projektni
rad u industriji (Hogan i sur., 2005). Projekti koji se prakti¢no provode u industriji
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podrazumijevaju da studenti suraduju sa stvarnim klijentom koji ima znacajan
interes za rezultate projekta, a razvoj programa koji su korisni stvarnim klijentima
je sam po sebi jak motivirajuéi faktor (Tomayko, 1987), kao §to je i uporaba vodelih
komercijalnih alata u projektima. U modelima informatic¢kih kurikula koje su izradili
zajednicke radne skupine IEEE-CS/ACM, programsko inZenjerstvo dijeli se na osam
klju¢nih i ¢etiri izborna podrugja:

Klju¢na podrugja:

o Izrada programa

« Uporaba aplikacijskog programskog sucelja

o Programski alati i okolina

o Programski procesi

« Programski zahtjevi i specifikacije

» Provjera ispravnosti programa

 Razvoj programa

« Upravljanje programskim projektima

Izborna podrudja:

« Komponentno programiranje

« Formalne metode

« Pouzdanost programa

« Razvoj specijaliziranih sustava

Koska i Romano (1988) su dali preporuku da bi se sveucili$ni kurikuli trebali znatno
promijeniti i staviti naglasak na vjestine koje zahtijevaju sustavni pristup i stvaraju
$iroku teoretsku osnovu te vjestine koje su potrebne industriji. Prema jednom od
tih pristupa, preporuca se odredivanje vjestina i znanja koje bi apsolventi trebali
posjedovati te bi se trebalo ispitati u kolikoj mjeri kurikul odgovara potrebama
industrije (Waks, 1995). Brz tempo tehnoloskog napretka mora se ostvarivati stalnim
doradivanjem obrazovnih programa i inzenjerskih kurikula (Waks i Frank, 2000).

Preporuke za diplomski stupanj obrazovanja
u podrudju programskog inzenjerstva
Izrada kurikula za obrazovanje programskih inZenjera

Programsko inzenjerstvo bavi se stvaranjem i primjenom osnova inZenjerstva
u analizama sustava i analizama timova, u razvoju, uporabi, procjeni itd. velikih
programskih sustava kao tehni¢kih proizvoda (Horn i Kupries, 2003). Potreba za
visoko kvalificiranim stru¢njacima koji su sposobni ovladati programskim sustavima i
koji su sposobni primjenjivati razlicite alate tijekom cijelog procesa je razlog tomu $to
se programsko inZenjerstvo pojavljuje kao zasebna disciplina informacijske znanosti
(Horn i Kupries, 2003).

o Kurikul bi trebao biti izraden imajuéi na umu potrebe industrije koje ¢e apsolventima
osigurati zapo§ljavanje.
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o Struktura pojedinih kolegija (obveznih i izbornih) trebala bi biti u skladu s
modelima koje su predlozila razna mjerodavna tijela i trebala bi uzeti u obzir
razli¢ite preduvijete.

o Kurikul bi trebao obuhvacati vazna podruéja programskog inZzenjerstva.

o Industrijski projekti trebali bi biti sastavni dio kurikula.

o Studenti bi trebali biti sposobni razumjeti kolegij i njegovu vaznost.

Izrada kurikula djelomi¢no je odredena i utjecajem komercijalnih kompanija koje
sveucili$tima nude hardver i programe po niskim cijenama, $to ¢esto ukljucuje i veé
gotove, priredene kolegije gdje se taj hardver ili programi koriste. IBM sveuciliStima
nudi besplatne nastavne materijale za kolegije, obuku i izradu kurikula u svojem
obrazovnom programu akademske inicijative (IBM, 2006). Sli¢no njima, Microsoft
ve¢ nekoliko godina pruza financijsku potporu za izradu kurikula za obrazovanje
programskih inZenjera u pojedinim podrudjima (preteZno u americkim sveucilistima),
a trenutno predlazu potporu od 1 milijun dolara za pomo¢ u osmisljavanju kolegija u
podrudjima informacijske znanosti, poslovne znanosti i prava koji se bave sigurnim
radom na racunalima ($to je u posljednje vrijeme jako popularno podruéje). Ranije
je Microsoft davao potporu od 480,000 dolara za kurikul o ra¢unalnim igricama
(Microsoft, 2006).

Pri izradi kurikula vazno je odrediti njegove ciljeve i o¢ekivane rezultate. Uskladivanje
kurikula za obrazovanje programskih inZenjera s potrebama industrije predstavlja velik
izazov. Smjernice kurikula za diplomski stupanj obrazovanja u podruéju programskog
inZenjerstva (Programsko inZenjerstvo, 2004) ili GSWE2009 (Diplomski studij
programskog inZenjerstva) razvijeni su imajuci u vidu potrebe industrije (Moreno i
sur., 2012). Stoga, tijekom uvodenja kolegija oba sudionika (sveuciliste i industrija)
trebaju medusobno suradivati u postavljanju kurikula. U kasnijim fazama izrade
kurikula uklju¢uju se i druge interesne skupine i ovlastena tijela. IEEE (SEEK, 2004)
pruZa opsezne i najnovije smjernice za dodiplomske studije programskog inZenjerstva.
Takoder su ukljucene i upute za izradu kurikula u podruéju programskog inzenjerstva,
za predaju, kolegije i logi¢an redoslijed. Ostala pitanja provedbe obrazovnog programa
kao §to su fakultet, studenti, infrastruktura, koordinacija s industrijom, procjena i
ovlasti takoder su kratko spomenuti (Mishra i sur., 2007). Okvir ,,Vodi¢ kroz temeljna
znanja programskog inZenjerstva - SWEBOK" (Swebok, 2008) definira znanje o
programskom inZenjerstvu koje bi stru¢njaci nakon zavrSenog Cetverogodisnjeg
obrazovanja trebali posjedovati. Kao prikaz temeljnog znanja, SWEBOK je
dobro koncipiran i sveobuhvatan. Medutim, nekoliko stru¢njaka koji su se bavili
istrazivackim radom u programskom inZenjerstvu izrazili su zabrinutost o nekim
pitanjima u SWEBOK-u. Nedavno je Pyster i sur. (2009) takoder izjavio da SWEBOK
odrazava razvoj programiranja kasnih 1990.-ih i ranih 2000.-ih te se, npr., ne bavi
jako razgranatim svjetskim projektima programskog razvoja, kao ni razvojem mreze
i agilnim metodama. Paradigma agilnog postupka razvoja programske mreZze postala
je izuzetno popularna posljednjih nekoliko godina, bududi da tvrdi da omogucuje
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nize troskove, bolju produktivnost, bolju kvalitetu i vece poslovno zadovoljstvo
(Mishra i Mishra, 2011). Nadalje verifikacija i validacija ra¢unalnih programa (V
& V) jedno je od najvaznijih polja programskog inzenjerstva za razvoj kvalitetnih
racunalnih programa. Takoder je i novi koncept koji postupno postaje dio kurikula
sveucili$nih odjela programskog i ra¢unalnog inZenjerstva. Na sveu(ili$tima postoji
znacajna potreba za strozim poucavanjem verifikacije i validacije racunalnih programa
studentima na odsjecima programskog i ra¢unalnog inzenjerstva (Mishra et al., 2012).
ACM-ova podjelai modeli IEEE (Institute of Electrical and Electronics Engineers) SE
2004 pruzaju alate za ukljucivanje kurikulskih sadrzaja u kartu ,ra¢unarske znanosti*
, §to je iznimno vazno s istrazivacke tocke gledista (Jaakkola i sur., 2006).

Opce izvjesce o Kurikulu racunarstva 2005 je daljnji pokusaj zajednicke radne
skupine IEEE-a i ACM-a u pruzanju smjernica za ra¢unarski inZenjering, informacijsku
znanost, informacijsku tehnologiju, informacijske sustave i dodiplomski studij
programskog inZenjerstva. Takoder su uloZeni napori k organiziranju diplomskog
studija programskog inZenjerstva. Na temelju stroge prosudbe literature, dostupnih
novijih smjernica za Diplomski studij programskog inZenjerstva 2009 (GSwE2009)
(Pyster 2009) i dogovora sa stru¢njacima programskog inZenjerstva, sljedece tablice
prikazuju dobru kombinaciju osnovnih, izbornih i prakti¢nih industrijskih projekata
diplomskog obrazovanja u podrucju programskog inZenjerstva.

Tablica 1.
Tablica 2.
Tablica 3.

GSwE2009 smjernice izri¢ito napominju da bi studenti koji zavrsavaju nastavu
morali biti sposobni razumjeti i prepoznati vaZnost pregovaranja, uspjesnih radnih
navika, vodstva i dobre komunikacije sa sudionicima u stvarnom radnom okruzenju
pri izradi programa.

Ove smjernice nadalje preporucuju da bi studenti trebali pokazati ste¢ene vjestine
i znanja u praksi kao kruni svojega obrazovanja, a ta praksa moze biti prakti¢ni
programski projekt, staziranje/ljetna praksa, ili disertacija.

Prema novijim GSWE2009 smjernicama za magistarski studij, CBOK navodi sljedece
postotke kao osnovna znanja u podrudjima:

Etika i stru¢nost (1-2%)
InZenjering sustava (2-3%)
InZenjering zahtjeva (6-8%)
Programski dizajn (9-11%)
Izrada programa (1-3%)
Testiranje programa (4-6%)
Glavni koncept programa (3-4%)
Upravljanje konfiguracijama (2-3%)
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Upravljanje programskim inZenjerstvom  (7-9%)
Programski procesi (3-4%)
Kvaliteta programa (3-4%)
Ne-osnovni kurikul (~50%)

Okvir za (dodiplomski) kurikul za prakti¢no obrazovanje
programskih inZenjera

O’Leary i sur. (2006) radili su istrazivanje s poslodavcima u industriji racunalnih
programa u Irskoj, Ujedinjenom Kraljevstvu i Kini i saznali da su sposobnost za
ucenje, sposobnost prilagodbe promjenjivim uvjetima te sposobnost da se dostignuca
i nove tehnologije smjeste u kontekst kvalitete koje poslodavci u ovoj grani industrije
smatraju kljuénima. Takoder je zanimljivo skrenuti paznju na komentar jednog
ispitanika da ,,tijekom svoje karijere vec¢ina ljudi ¢e nauditi bilo kakve nove tehnologije,
ali ¢e im to udenje biti puno lakse ukoliko imaju dobro osnovno znanje.*

O’Leary i sur. (2006) izvijestili su o kurikulu uranjanja u prakti¢no obrazovanje
programskih inZenjera koji se zasniva na suradnji izmedu Tehnoloskog instituta u
Dublinu (DIT), Harbin tehnologkog instituta (HIT) i Sveucilista u Wolverhamptonu
(UOW). Program uranjanja osmisljen je tako da vodi pripravnika kroz ¢etverogodisnji
obrazovni program da bi diplomirao kao stru¢njak u praksi. Predstavili su sljede¢i
okvir za kurikul prakti¢nog obrazovanja programskih inzenjera:

Cilj prve godine obrazovanja je upoznati studente s osnovama programiranja
i vjestinama potrebnima za rjeSavanje problema, dobrim komunikacijskim i
prezentacijskim vjes$tinama kao i uo¢avanjem glavnih tema u ra¢unarstvu i ulogom
programskog inzenjera u industriji.

Tijekom druge godine vazno je razvijati sposobnosti studenata da izgraduju
Citave sustave te se tako upoznaju s problemima vezanima za modularno i objektno
orijentirano programiranje. Vaznost pristupa i vaznost metoda dizajniranja na ovome
stupnju naglasene su kao klju¢ne.

Cilj na trecoj godini je razviti kod studenata vjestine izgradnje racunalnih programa
do toc¢ke u kojoj oni mogu pronadi rjeenja za prili¢no velike, industrijske vrste
problema te tako dalje razvijati svoje vjestine rjeSavanja problema i svoje programerske
vjestine.

Zadnja godina usredotoluje se potpuno na pripremanje studenata za prijelaz
u industriju. Uspje$na integracija u komercijalne organizacije gdje je apsolvent u
mogucénosti postati poslovno produktivan u kratkom vremenskom roku je glavni
cilj ove godine. U ovoj godini studenti ¢e takoder zavrsiti stru¢nu praksu/staZiranje
koja se zbiva paralelno s pisanjem diplomske radnje. Kroz to §to se od njih traZi da
zavr$e svoju radnju dok odraduju stru¢nu praksu koja je dio projekta, o temi koju su
odabrali i kroz projekt kojega djelomi¢no nadziru zaposlenici u industriji, studentima
se pruza mogu¢énost da zapoénu svoj prijelaz iz akademskog u industrijsko okruzje
(O’Leary i sur., 2006).
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Plan za suradnju industrije racunalnih programa i sveucilista

1. Trebao bi postojati stalan program staziranja tijekom ljeta ili jednosemestralni
prakti¢ni projekt u istrazivackim objektima industrije racunalnih programa.

2. Trebao bi postojati program razmjene fakultetskog i tehni¢kog osoblja industrije
rac¢unalnih programa. Fakultetski djelatnici mogli bi provesti ljeto ili studijsku
godinu u industriji ra¢unalnih programa, dok bi industrijsko osoblje moglo biti
pozvano da odrzi niz predavanja o stvarnim programskim projektima, izazovima,
novijem napretku u programima, hardveru, alatima i sli¢no.

3. Osnivanje uprave uz potporu industrije ra¢unalnih programa da bi se potaknula
prakti¢na istrazivanja i razmjena znanja izmedu akademskog i industrijskog
osoblja.

4. Trebalo bi uvesti stipendije, podr$ku projektima, nagrade i sli¢ne financijske
poticaje za studente i fakultetsko osoblje.

5. Trebala bi postojati stalna razmjena rezultata istraZivanja, rjeSenja i tehnologija
s industrijskim partnerom.

6. Osnivanje laboratorija na sveu¢ilistu uz podr$ku industrijskog partnera i njegovih
podrudja od interesa unutar programskog inzenjerstva. To ¢e pomo¢i provodenju
istrazivanja u podrudju programskog inZenjerstva u podruéjima od zajednickog
interesa.

7. Uvodenje kolegija koji su u skladu s ciljevima industrijskog partnera.

Etika programskog inzenjerstva i stru¢na praksa

Stru¢na praksa i kontinuirano obrazovanje zajedno s racunalnom i programerskom
etikom takoder bi trebali biti ukljuceni u kurikul programskog inZenjerstva i na
dodiplomskom i na diplomskom stupnju. To bi pruzilo razne informacije budu¢im
programskim inZenjerima i menadZerima jer ¢e oni u buduénosti morati rukovoditi
raznim operacijama, ugovorima i uporabom vanjskih resursa (Dey i Sobhan, 2007).
Poucavanje ra¢unalne i programerske etike trebalo bi biti sastavni dio kurikula
programskog inzenjerstva. NailaZenje na eticke nedoumice je nezaobilazni dio
karijere jednog programskog inZenjera te bi stoga sveuciliste trebalo pruziti takav
kolegij i obuku budué¢im programskim inZenjerima. Standardi sluzbenog odobrenja
obrazovnih programa u podruéju programskog inZenjerstva takoder naglasavaju ove
aspekte. Institucije koje traze sluzbeno odobrenje inzenjerskih obrazovnih programa
kod Akreditacijskog odbora za inZenjerstvo i tehnologiju (Accreditation Board for
Engineering and Technology) trebaju potanko objasniti kako njihovi obrazovni
programi omogucavaju bolje razumijevanje etickih, drustvenih i ekonomskih okolnosti
u stru¢noj praksi (ABET, 2002).

Poducavanje o etici unutar programskog inzenjerstva mora se fokusirati na
proizvodnju programskog proizvoda i trebalo bi se razlikovati od mnostva zloporaba
koje se dogadaju pri koristenju rac¢unala (Towell, 2003). Studenti bi takoder trebali
znati kako postupati s povjerljivim podatcima i situacijama sukoba interesa u podrudju
programskog inZenjerstva.
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Sluzbeno odobrenje i obrazovni programi u podrucju programskog
inZenjerstva

Sluzbeno odobrenje je jedan od najvec¢ih problema pri procjeni uspjeha obrazovnog
programa. Ono potice sveuciliSta da s vremena na vrijeme revidiraju svoje obrazovne
programe da bi i8li u korak s brzo rastu¢im promjenama zahtjeva u poslovnom
svijetu i tehnologiji (Dey i Sobhan, 2007). Standardi sluzbenog odobrenja obrazovnih
programa u podrudju programskog inzenjerstva takoder naglasavaju eticke aspekte.
Institucije koje traze sluzbeno odobrenje inZzenjerskih obrazovnih programa kod
Akreditacijskog odbora za inZenjerstvo i tehnologiju trebaju detaljno objasniti kako
njihovi obrazovni programi omogucavaju bolje razumijevanje etickih, drustvenih i
ekonomskih okolnosti u stru¢noj praksi (ABET, 2002). Proces sluzbenog odobrenja
dodiplomskih i diplomskih kolegija programskog inZenjerstva je jo§ u povojima u
mnogim drzavama. Ocekuje se da ¢e organizacije koje daju sluzbena odobrenja dati
viziju odli¢ne provedbe prakti¢ne nastave i projekata u buduénosti za sve njezine
sudionike.

Zakljucak

Programsko inZenjerstvo postaje zrela disciplina vazna u svim sferama Zivota.
Potreba za programskim inZenjerstvom u porastu je, ali nema dovoljno uspje$nih
programskih inZenjera s velikim znanjem. To zahtijeva strogu obuku unutar
programerskih kuca kada se programski inZenjeri zaposle. Suradnja izmedu industrije
ra¢unalnih programa i sveucilisnih odsjeka dovest ¢e do sinergije obiju strana da
postignu svoje ciljeve. Sveucili$te ima objekte za istraZivanje, ali bi financijska potpora
za istrazivanja trebala do¢i od industrije. To bi omogucilo stvarna iskustva rukovodenja
projektima ako i financijske poticaje za studente. Fakultet ¢e se ukljuciti u primijenjena
istrazivanja i dati svoj doprinos rjeSavanju problema industrije ra¢unalnih programa.
Teorijska istrazivanja ¢e naci put do svojeg oZivljavanja u stvarnim programskim
projektima. Rezultat laboratorijskih radnji koristit ¢e se u u¢ionicama za razgovore i
daljnje obogacivanje kurikula.

Postoji mnogo razloga za ukljucivanje stvarnih, jedinstvenih industrijskih projekata:
veéa motivacija i samopouzdanje studenata; studenti mogu detaljno istrazivati
podrugja informacijsko-komunikacijske tehnologije koja nisu uklju¢ena u kurikul
ili su samo usputno spomenuta; studenti ¢e razviti vjestine rje$avanja problema i
kritickog razmisljanja, komunikacijske vjestine i poslovnu viziju (Clark, 2005). Dalje
se predlaze da, ukoliko je studentima takoder dopusteno raditi u timovima, plan
mora razraditi pojedina¢nu odgovornost i izvuéi informacije iz svih srodnih izvora
da bi se postiglo bolje razumijevanje jakih podrudja, ali i onih na ¢ijemu poboljsanju
treba poraditi.
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