Softw are Engineering Education:

Different Contexts, Similar Contents

Pavol Návrat, M ária Bieliková

Slovak University of Technology,

Department of Computer Science and Engineering

,ONRYLþRYD�%UDWLVODYD�6ORYDNLD

{navrat,bielik}@elf.stuba.sk, http://www.elf.stuba.sk/~{navrat, bielik}

Ab st ract

T his paper discusses two important aspects o f the software engineering related educatio n: the co ntext, both the current one and the historical background of the develop ment and the contents of the education. We concentrate on the situation in Slovakia which has been ver ysimilar to other countries in the Central E urope, so it can be considered representative in so me sense.

1. Introduction

Fro ma general point of view, one of the key actors in implementing the technological innovatio ns centered around the progress in infor mation technologyis a soft ware engineer who analyses, designs, implements and maintains various kinds of infor mation systems of businesses, organizations, etc. T he demand of software engineers is a result of the techno logical progress witnessed thro ughout the world.

T he statement is probablytr ue in general, and it holds in particular also for a typical Central European countr ylike Slovakia which has been going since 1989 through a period of social and econo mic transition witho ut a precedent in its histor y. T he demand here is also a result of an effort to accelerate the develop ment of the countr yto overco me the consequences of the past un-natural direction o f develop ment that threw the countr y not onlytechnologically, but also socially, econo mically, and perhaps, mo st of all, morally back as well. Fro m this point of vie w, spreading as widelyas possible the infor mation technologyand its use is extremely important as it provides a fir mplatfor mfor a free exchange of infor matio n and ideas. In such a way, it strengthens the fundamental attributes o f a free society and makes the trend to wards it practically irreversible.

It is becoming clear that there are, among other things, at least two important aspects of the software engineering related educatio n to be taken into account and discussed at so me length. One of the aspects is

· the context, both the current one and the historical background of the develop ments in this region during the last fifty years.

It is rather different fro mwhat has been the develop ment in the rest o f Europe or in North America, to name just two regio ns with the greatest relevance for the region of Central Europe. We shall discuss so me of the differences, such as the systems o f higher education, or tradition, but name also other aspects such as availability of the high technolo gy.

T he other aspect is

· the contents o f the education.

Roughly speaking, it has been similar to a comparable education o ffered elsewhere. Even mo re, in so me sense it could not have been any radicallyother way. Despite that, naturally also here so me differences can be observed.

We shall point at themespeciallywith reference to those aspects mentioned above.

2. Different context s

For the countries of Central and Eastern Europe, Western Europe and North America are undoubtedlythe two regions that are fro mthe point o f view o f civilization, culture, and level o f develop ment the clo sest ones. Yet during the last fifty years or so, their develop ments were in manyways radicallydifferent. When focusing on software engineering education, the differences in systems of higher educatio n which define the immediate context o f it are worth of so me attention.

Ho wever, it wo uld be a too ambitious task to attempt to co mpare them here because of the lack of space and more importantly, the lack of co mprehensive data, so we restrict our selves to a few co mments. First, there are

* T his work was partiallysupported bythe Slovak Science Grant Agency, Project 95/5195/605.

not just two or three systems of higher educatio n, but each o f the respective regio ns itself defines a variety of different systems.

North America

Fro mour point of view in Central Europe, perhaps North America, with all the variatio ns and flexible options, is the regio n with

· the mo st internally co mpatible system.

While we are not in a position to co mpare Canadian and the US systems, or to identify their differences, preciselythe fact that there are in the region just two countries, moreover bound so closelyb ylanguage and culture, makes achieving so me level o f co mpatibility easier. Any characteristics o f it, no matter ho w brief, should mention the use of credits and the number of levels i.e., baccalaureate, master ’s, and PhD. levels of education where the previous level is conceptually intended as a prerequisite for the next level. T hese characteristics are not necessarilyabsolutely correct neither theymay be considered as the two mo st distinguishing features of their system b your American colleagues, rather theyare a reflection of what we in our current situation see as the features that are mo st radicallydifferent fro mthe system that was maintained here.

Moreover, we sho uld like to stress that we concentrated more on characterizing the aspects of organization of education. A more general context has been obvio usly more fundamentally different: a free society, universityself-r ule, strive for individual success alo ng with individual responsibility. It should be emp hasized that these aspects of the co ntext are vitally important todayfor all our higher education, not just the o ne related to software engineering.

With respect to software engineering, it has been developing in America frequently as a split off fro m comp uter science curricula. As Ford [4] points out, it started to be introduced primarilyat the master ’s level.

Currently, ho wever, there are alread ybeing introduced baccalaureate software engineering cour ses [7] .

Sooner or later, the development of software engineering education must have reached the stage at which emerges

· the question of accrediting the courses.

Depending on whether more emp hasis is given on its roots (i.e., comp uter science), or its designation (i.e., engineering), two options are available: either to accredit the course with the CSAB, or with the ABET . Besides sho wing the immaturityo f the field, the question is not just a simple flip the coin choice, but has a deeper context and possible consequences. At the mo ment, the engineering nature of so ftware engineering can still be questioned [16], and rightly so; but the question itself is not onlylegitimate, it is ver y productive in provoking discussions on the engineering nature of so ftware engineering [6], or on prospects for this discipline [12, 15].

Moreover, legislations of at least so me states place various constraints on engineering education which prevent software engineering fro mbeing ackno wledged as engineering (profession) there.

Another question is that of requirements that are to be fulfilled in order for the course to be accredited.

For mal requirements exist; definition of the contents o f such a course doesn’t. T here has been launched a joint endeavour b ythe ACM and IEEE to identify the software engineering profession, to define the bodyof kno wled ge, and conseq uentlyto reco mmend contents of the curricula.

Western Europe

Europe, or more preciselyWestern Europe, shares so me co mmo n characteristics but

· the national systems are in many ways different.

Even if we take European Union which can be considered the core of it, there is no unified systemo f higher education. Consider just such countries as Great Britain, the system of which is in so me aspects closer to the

American one, and Ger many, which has in so me aspects a radicallydifferent system of organizatio n, degrees, etc. It should be noted, ho wever, that there are ongoing discussions and so me measures taken to bring the national systems of higher education closer to each other so that they would allo we. g., mobilityo f students across European univer sities (b yestablishing a cour se credit transfer system, and an academic recognition system).

In Europe, software engineering started to be introduced into curricula so me time ago, too, although no comparable stud yto tho se of Ford is kno wn that would similarlydeal so extensivelywith higher educatio n in software engineering in Europe. In Europe, computer science is frequently called Infor matics. T his is done not onlyb ythe French and the Ger mans in their languages, but also bymost o f the other nations, and interestingly also when expressing themselves in English.

So metimes, theyuse the ter ms co mp uter science and infor matics almost interchangeably. Interestingly, the word which is considered byso me people (most notably, some Americans) and b ymo st dictionaries an English un-word, has been recentlyaccepted b ythe English to the extent that there is a School of Infor matics at the City

University of London ( which o ffer s courses in so ftware engineering, b ythe way). Ho wever, whether

Infor matics will establish itself as the precise synonym of comp uter science is not clear. Rather, the ter m seems to be understood to describe a wide scope of processes and principles related to storing, processing, communicating, and retrieving infor matio n.

Obviously, there does not exist a European accreditation board. On the other hand, for example as far as engineering is concerned, there exists an effort to define

· so called European engineer as a degree that is awarded b ya univer sityand that has been recognised as confor mant with requirements of the

European Unio n [13]. Some universities attempt to accredit their courses with the IEE; indeed, there are numerous examples of not British, but overseas univer sities which successfullyaccredited their courses.

Ho wever, the procedure is strict in general requirements, but much less specific in so ftware engineering, or for that matter, any other special branch of engineering related ones.

Central and Eastern Europe

Central and Eastern E urope shared for decades a radicallydifferent context characterized by the lack of freedo m, strive for collectivism, and the overall responsibility of the state. Although no single unified system of higher education existed,

· the Soviet influence was do minant also in this area so their model was reflected in the particular natio nal systems o f higher education. Again, we do not possess enough data nor kno w about anyco mprehensive stud yto be able to speak about the situatio n in the regio n in general.

On the other hand, the situation in Slovakia was ver ysimilar to other countries in the regio n, for the reasons indicated above, so its context can be considered representative in so me sense. In Slovakia, there were no credits used and there were only two levels of higher education. First one wa s master ’s level in humanities, social, natural, etc. sciences, or equivalentlyengineer ’s (Ing.) level in engineering, technology, econo mics, transport, agriculture etc. It took typically five to six year s to co mplete and included elaborating a thesis. Second level was called so mewhat obscurely and misleadinglycandidatus scientiar um( CSc.) as it took at least further three years of stud y, included elaborating a dissertatio n and was thus co mparable to the PhD. level kno wn elsewhere.

A major change to higher education in Slo vakia succeeded in 1989. It is perhaps worth mentioning that o ne of the two mo st important demands of the democratic mo vement - besides abandoning the "leading role" of the communist party- was an immediate halt o f the Mar xist indoctrinatio n in the education, both of which had been enforced b ythe corresponding clauses o f the constitutio n. Success in these two demands, i.e. deleting the clauses fro mthe constitutio n, marked the actual mo ment o f collapse of the regime. T he change allo wed to pass a new higher education in law 1990. T he newla whas established an entirelynew and different context for the higher educatio n. T he lawguarantees academic liberties and radicallywidens the extent o f academic autono my.

T he lawintroduces three levels o f higher education; ho wever, it leaves their introduction, and indeed their definition largelyup to the decision o f a particular university.

Practically,

· problems arised with the baccalaureate level which has not been backed b yanywidely shared interpretation nor experience nor sub sequent legislatio n that wo uld define the status of the graduates. As a conseq uence, so me universities decided to maintain the "old" master ’s courses b ut to introduce ne wbaccalaureate courses running in parallel . T he idea was to make them largelyindependent and not transferable with the master ’s cour ses intended as technical, non-scientific education preparing for direct entr yto ind ustr ypositions. T here seems to be the problemof interpretation still present.

T he institution that was offering such courses was an university, or an university of technology, and not a college , or a polytechnic or a Fachhochschule . T he students were expecting to receive a complete higher education fro mit and were not prepared to exchange one or two year s "saved" for some new title that is lar gely unkno wn and lacks anytradition.

Other universities, on the other hand, seized the opportunity offered bythe ne wlaw and started to offer baccalaureate courses that were in series with the subseq uent master’s and PhD. courses. T his involves a far reaching conceptual change also in the master ’s cour ses. T hey do not cover the whole interval of the higher education (apart of the PhD. studies) anymore, but contract to the seco nd level only.

I mplementatio n of this model has opened, for the first time in decades, door for students to design their education with much more freedo mbecause of the inherent flexibilityo f the scheme. T heystart realising that theycan receive t wo degrees for example in two different fields, but within a period that would before suffice for just one, even if the higher one of them. Or, to put another way, before this scheme has been adopted, it took twice as long time to acquire two specialisatio ns.

Ho wever, the process of shifting the attitudes o f students appears to be a rather slo wone, because of strong influence of the tradition. Other major benefit of the increased granularity of the higher education scheme is the option to finish the studies after no more than four years ( with the baccalaureate degree). At the mo ment, the problemwith this option is once again the lack of tradition; there is no experience with such graduates, and the public will need so me time to find a justified and adequate interpretation. With the first baccalaureates graduating no w after four years o f their studies, it will soon be possible to start gathering experience.

One of the conseq uences of the new legislation in 1990 was an introductio n of

· a permanent accreditation process.

An accreditation board was established that counsels the gover nment mainly b yevaluating the univer sities with respect to the predefined for mal standards and qualitycriteria o f the education process and educating staff in the offered courses. Positive o utco me of the accreditation process is necessar yfor the university to acquire (or to keep) the right to award a particular degree in a particular major field of stud y.

Fro mthe above outline o f the context o f higher education, there are so me conclusio ns to be drawn. T he develop ment in Central and Eastern E urope has been un-natural, forced b ythe co mmunist rule and forcing severe co mpro mises in for mand contents. T he co mpro mises in engineering, natural and a few other sciences were amo ng all the fields the least severe and were lar gelyreduced to three or four social and political sciences subjects that were turned into Marxist propaganda. T he rest of the curricula, i.e. the absolute majoritywas not contaminated. Here, the biggest problemwas the insufficient hard ware and software equipment of the laboratories, caused bythe export restrictions of the western co untries and the technological back wardness of the eastern countries.

3. T he contents

T he contents of the higher educatio n related to software engineering has been developing in all the mentioned regions basically

· along similar lines and to wards similar resulting curricula.

Obviously, there are differences caused b ydiffering needs of the respective industries, b ydifferent levels of develop ment o f the technologies, or b ydifferent amounts of support for science and educatio n in the respective countries, which in tur n may have caused var ying relative time delays in adopting the fundamental new scientific results or methodologies into the curricula. Obviously, an initiative such as that o f establishing the So ftware engineering institute at CMU tur ned it quickly into a forerunner in the field and it has been bringing its fruits to the whole US.

One of the crucial questio ns concer ns

· the fundamental skills and knowled ge that characterize the professional soft ware engineer [11].

T he importance o f it is best documented bythe establishing of a joint ACM/IEEE T ask Force to identifythe bodyof kno wledge o f the software engineering profession. Implicitly, the assumptio n behind the effort is that a complete and co mprehensive answer to the question is not kno wn to date. Ideally, ho wever, the bod yof kno wled ge should be identified before a curriculumcan be designed that aims to transfer the kno wled ge to the learner. Luckily, there are other sources that describe the bodyof kno wledge - here belong obvio usly mo no graphs, but also e.g., the Ford report [4] which provides a detailed mapping onto a technical content of an undergrad uate curriculum. His other report [3] deals extensively with the graduate education.

So the situatio n in kno wing what to teach in Software E ngineering is not so entirelypessimistic. Ho wever, the problemis of a more fundamental nature, viz. the field itself is not mature enough to have its o wn theor y, scientific principles and engineering practices for mulated and standardized the wayas other, "older" engineering disciplines have. So me would prefer to strengthen the undergrad uate Co mp uter Science curriculum instead of splitting and creating the undergrad uate Soft ware Engineering co urse [16]. Some even deny Software

Engineering is a serious discipline [2]. So me envisage so ftware as an engineering discipline [12, 6]. We are stronglyco mmitted to developing the discipline of So ftware Engineering, not least because it quite naturally fits the challenges o f a univer sitydesignated to technology.

Besides that, the context as outlined above has been influencing the develop ment of curricula. In Slovakia, there has been a rather sharp distinctio n between "classical" universities and universities of technology. T he for mer traditionally never offer an engineering degree, while the latter never offer other but such degrees.

T herefore, the contents of the related curricula have been at the for mer type of universities ver yclose to pure comp uter science, and at the latter type a broader comp uter science and engineering co mbination.

Integrated Informatics Curricula

T raditionallyat Slo vak University of T echnolo gy, the Infor matics curricula have been designed as a blend to cover the broad field of Co mputer Engineering, Co mp uter Science and T elecommunications E ngineering. A relatively major revision in 1989 involved a for mal integration o f Co mp uter Science (reshaped and renamed to

Software Engineering) and Comp uter Engineering tracks with T elecommunications Engineering, but was at the same time acco mpanied b yincreasing the curricula’s internal flexibility and byimplementing the concept of elective subjects and blocks in a far greater scale than before.

We find the co nnection of Computer Engineering and Soft ware Engineering ver yuseful for both sides. In fact, the response fro mind ustry strongly supports it as there is frequentlybeing expressed an appreciation of the range of principles and techniq ues mastered b your grad uates who even when specializing in soft ware, have a strong background in understanding the models and processes inside the co mp uter architecture. As another positive feature of our cour se, there is a large amount of practical work required as mo st of the subjects include labs.

Similar, albeit naturallyso mewhat looser is the connection of both the Co mp uter Engineering and Software

Engineering tracks to T elecommunications Engineering. An internal co urse’s flexibility provides enough room for sufficient auto no my. On the other hand, co mmo n Infor matics co mp ulsor ysubjects build a base of kno wled ge fro mall three engineerings for all Infor matics students. Moreover, electives chosen across the specializations allo wstudents to shape their paths to beco me software or computer engineers with a relatively strong background in T eleco mmunicatio ns, and vice versa, which is beco ming a rather interesting option.

As mentio ned above, the Informatics course’s revisio n of 1989 also reflected the shifting focus of interest of the ind ustr y b y

· changing the name o f the Comp uter Science track to Software E ngineering.

Of course, changing a name does not make any difference in the content, but the measure was acco mpanied by setting a goal of graduallyintroducing more subjects supporting this shift. Developing and introducing Software

Engineering related subjects requires facultywith sufficient expertise and experience. T o achieve this, we follo wed several paths [10] . First, we re-oriented our develop ment activities for local industr y to become more involved in typical so ftware engineering projects. Presently, several members of the faculty regularly work on develop ment projects for industr y[1].

Second, we tr yto hire experienced professionals fro mindustr yas exter nal lecturers, thesis supervisors etc.

whenever possible. Last but not least, we made ever ypossible use of E uropean Unio n projects (under the

T EMPUS programme aiming to foster European transfer of expertise in the educatio nal area) that were focused on Infor matics [8, 9] to acquire experience fro mour partners who were alread yteaching software engineering related subjects, most notablyfro mthe Sheffield University [5].

T he last major revision of our course took place in 1993. It was connected to the Univer sity’s decision to make use o f the possibilityo f

· introducing the baccalaureate level of education.

Introducing the baccalaureate level into a (then) single I nformatics co urse opened several questions that were concerned also with the content o f the curricula, thus going beyo nd the simple acceptance of the new situation of having two Infor matics courses. What appeared initially to many to be merelya for mal split into baccalaureate and master’s levels, ind uced on second thought serious q uestio ns.

It quickly tur ned out that the splitting revisio n must first identify the different goals and objectives of the respective courses and consequentlyto design the curricula as careful transfor mations o f the original one.

Nevertheless, elements fro mthe co mputing curricula [14] are stronglypresent in o ur undergraduate

Infor matics curriculum. T his builds a strong scientific and engineering foundation, but leaves relativelylesser roomfor subjects specific for software engineering in its "narro w" sense (despite the fact that it typically takes four year s to complete). We offer at least a few subjects (such as Principles o f Soft ware Engineering) that provide a detailed introduction to software life-cycles, specification techniq ues, analysis and design methods, implementation approaches including verification and validatio n, project management issues, and cover structured systemanalysis and design in a considerable depth to educate the students sufficiently in the software engineering profession so that theyacq uire necessar yskills to be able to assume adequate jobs if theydo not continue in graduate stud y.

Moreover, the context is such - as explained above - that mo st of the grad uates will continue to stud ythe subseq uent master’s course.

For both of the above reasons, we concentrate the soft ware engineering education mainly to the graduate

Infor matics course. It is a three semester course with one semester devoted entirely to a thesis project. T he first two semesters include one Mathematics, one Co mp uter or T elecommunications engineering subject, a thesis project seminar, and a two semester team project. One humanities elective must be included, and there is also one free elective. T he rest are five Software Engineering electives.

4. Conclusions

We attempted to identify so me of the differences in contexts of higher education in relation between Central and

Eastern European countries o n the one side and Western E uropean and North American countries o n the other.

We noted that contrar yto the co mmo n practice in countries with a long tradition o f a two level higher education, where the majorityof graduates do not continue to wards the master ’s degree, our tradition dictates - at least for so me time - to an over whelming majorityof graduates to proceed towards the master ’s degree. As a consequence to software engineering ed ucation, there is not felt anystrong need of more specialising alread yat the baccalaureate level.

It is not clear at the mo ment what the trend will be in the long run. Undoubtedly, so me baccalaureates will soon realize theycan be sufficiently successful witho ut having the traditional higher degree. On the other hand, it is to be expected that one of the basic motivatio ns for splitting the higher education into two levels, viz.

allo wing student mobilityacross different fields, will start to function with e. g., students completing their first degree in a different area but wishing to acquire a strong co mpetence in Infor matics, too. Our graduate course is open for such students who will be required to stud yapproximately one year longer to co mplete the necessar y prerequisites.

We also report on an interesting experience of developing Software Engineering educatio n within integrated

Infor matics curricula. T his solution avoids making Software E ngineering too narro wor too looselydefined due to the lack of sufficiently co mprehensive o wn theor yand methodology. Instead, a fir mbase is created b y widening Co mputer Science foundations with so me fundamental principles and theories of Co mp uter and

T elecommunications Engineerings with reference to co mmon scientific problemof algorithmic infor matio n processing. Building on that, specific software engineering models, architectures and methods are developed.

Fro mamo ng the two Infor matics curricula, the graduate one offers more breadth and depth specifically regarding Software Engineering, while the undergraduate one is more general in o ffering breadth in Infor matics and going deeper into Software Engineering onlyto a relativelylesser extent.

Referen ces

[1]

�

�DQG�1iYUDW�3�8VLQJ�D�&$6(�WRRO�LQ�GHYHORSLQJ�DQ

infor mation system for Slovak T eleco m. In Infor matio n T ools and T echnologies, 159-164, Moscow, 1996.

[2] Dijkstra, E.W. On the cruelty of really teaching co mp uting science. Commun. ACM 32, 12 (Dec. 1989),

1398-1404.

[3] Ford, G. SEI report on graduate software engineering education. T ech. Rep. CMU/SEI-91-T R-2, CM U

Software Engineering Institute, 1991.

[4] Ford, G. A progress report on undergraduate so ftware engineering educatio n. T ech. Rep. CMU/SEI-94-T R-

11, CMU Software Engineering Institute, 1994.

[5] Holcombe, M. Software engineering. In D. Linkens and R.I. Nicolson, editors, T rends in Infor mation

T echnology, chapter 2, 17-37. P. Perigrinus/IEE UK, 1988.

[6] Leibfried, T .F. and MacDonald, R.B. Where is software engineering in the technical spectrum? Int. Journal

of Engineering Education 8, 6 (1992), 419-426.

[7] Lutz, M.J. and Naveda, J.F. T he road less travelled: A baccalaureate degree in soft ware engineering. In

T wenty-eight SIGCCSE Symposiumo n Co mp uter Science Educatio n, 287-291, 1997.

[8] 0ROQiU� �

�1iYUDW�3�DQG�9RMWHN�9�3$5/$%�ODERUDWRU\�IRU�SDUDOOHO�FRPSXWLQJ�DQG�SURJUDPPLQJ�,Q

Proc.T EMPUS Workshop on Engineering and Related Sciences, pages 73-74, Bratislava, 1996.

[9] 0ROQiU� �

�1iYUDW�3�DQG�9RMWHN�9�3URPRWLQJ�HGXFDWLRQ�LQ�WKH�ILHOG�RI�VRIWZDUH�HQJLQHHULQJ�,Q�3URF�

T EMPUS Workshop on Engineering and Related Sciences, pages 31-34, Bratislava, 1996.

[10] 1iYUDW�3�DQG�0ROQiU� �

�&XUULFXOD�7UDQVIRUPDWLRQ�LQ�WKH�&RXQWULHV�LQ�7UDQVLWLRQ�$Q�([SHULHQFH�IURP

Slovakia. IEEE Trans. on Education 41, 2 (May1998), 1-4.

[11] Rösel, A. and Bailes, P. Identifying fo undatio ns of software engineering expertise. SIGCSE Bulletin 24, 4

(1992), 52-63.

[12] Shaw, M. Prospects for an engineering discipline of so ftware. IEEE Software 7, 11 (1990), 15-24.

[13] Simpso n, I. Engineering education in Europe. IEEE Trans. on Education 37, 2 (1994), 167-170.

[14] T ucker, A.B. A summar yof the ACM/IEEE-CS joint curriculum task force report: Computing curricula

1991. Commun. ACM 34, 6 (June 1991), 69-84.

[15] Wasser man, A.I. To wards a discipline of software engineering. IEEE Software 13, 6 (1996), 23-31.

[16] Wulf, W m. A. Co mp uter science and soft ware engineering: Splitting is the wrong solution. Computer

Science Education, 3 (1992), 123-134.