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Last year, a survey of the ACM and IEEE-CS guidelines for undergraduate 
CS education by David Hemmendinger was published in Commun.  ACM 50, 5 (May. 2007).  Actually, the 
objective of this thorough consecutive analysis is the same as in the article published in Russian four and 
a half years before (V.I.Perekatov. Computer Science Standards in Higher School of the U.S.  The Higher 
Education To-Day, 2003, № 1, 2). Below presented is its English version. As a matter of course, the two 
independent investigations essentially differ in their approaches, methods and conclusions, but, in my 
opinion, the major difference is that my work has been initiated as  a reaction to the CC 2001 accession  
and its acceptance by our education system, whereas D. Hemmendinger’s publication could be taken as an 
omen of unavoidable end of this era and  the forerunner of the new one.  May be, this is what gives the 
reason to compare it with my prelude. 

1. Introduction 
For many years American Higher School has been educating key specialists in designing 

computers and computer applications. The school establishes conditions for creating artifacts that 
are generally taught at any faculty and chair involved in this area. However, no common US 
government-level legitimate basis exists for the development or support of education standards in 
the field of computer disciplines. Higher educational institutions develop and improve their own 
guides, usually classified as «curricula». Regular work is done followed by publication of collective 
and individual approaches to the education field, their discussion, matching or polarization of 
viewpoints.  The work is done in a decentralized environment, where, with the rapidly evolving 
subject area, principle issues are still posed and solved that have been  worked out by the 
established educational sectors long ago.  

It is evident, that in such circumstances some guidelines would be very helpful for producing 
practical solutions. Development of these guidelines is, traditionally, the responsibility of the 
leading US professional societies involved in the computer development and usage, such as 
Association for Computing Machinery, ACM, and Institute for Electronic and Electrical Engineers, 
IEEE.  They form the task forces to systematize the accumulated experience, find adequate 
solutions, offer their own ones and fix them in a document recommended across the nation 
education area as a guide for action valid for a certain time.  

This process is surveyed in the paper from the first ACM Education Committee’s undergraduate 
program published in a draft version in 1965 [1]. In 1968, “Communications of the ACM” 
published its final version, “Curriculum 68” [2]. The main emphasis was placed on educating 
professionals specializing in computers (majors), though certain attention was also paid to computer 
education of future specialists of other professions, (minors).  

Undergraduate cycle is the first stage of higher education that usually takes four years with two 
semesters a year. This stage does much to generate professional knowledge providing an 
understanding of the subject matter that sets up a basis for future competence. Well-established 
methods and developed subjects are usually practiced here; as a result, programs that are used by 
various academic institutions are somewhat uniform. Therefore, an idea of some uniform  
educational process designed by recognized scholars is quite realistic. 

10 years after the first version ACM prepared the next document – Curriculum’78 [3]. 
Till the middle of 80s IEEE did similar work on compiling computer engineering programs 

independently using its own IEEE/CS (Computer Society of the IEEE) resources.  Since 1985 ACM 
and IEEE/CS have been working jointly in this area. In 1989, ACM-IEEE/CS Joint Task Force 
under the chairmanship of Peter Denning, a well known software expert and schoolmaster, 
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published a detailed report «Computing as a discipline» [4] that laid down the principles of teaching 
computing as a discipline covering computer science and computer engineering. Two years later, a 
newly formed Joint Task Force, referring to this report, published the final version of the third 
document of the series - Computing Curricula 1991 (CC 1991) [5]. According to the preamble, it 
also accumulated concepts of the curricula developed independently by IEEE/CS in late 70s  – early 
80s.     

In late 1998 professional societies proceeded to work on a series of documents - Computing 
Curricula 2001. By that time it was obvious that the idea of merging computer science and 
computer engineering under one discipline of computing had not passed the test of time, and the 
large academic area should be presented in a set of curricula with the computer science volume 
generalizing principal topics of the others. (Five of them are now drafted or completed  - Computer 
Engineering, Computer Science, Information Systems, Information Technology, and Software 
Engineering).  Peter Denning, who had taken charge of the ACM Education Board a few years 
before, played a decisive role again.  Together with Carl Chang, Vice-President of the IEEE 
Education Activities Board, he was appointed a co-chairman of the Computer Science Joint Task 
Force. The group completed its work by issuing Computing Curricula 2001, Computer Science 
Volume (CC2001) [6], which was preceded by preliminary drafts.  

It is established that every stage of the curricular process influenced  educational practice in a 
different degree. However, the following leaves no doubt. For over four decades top specialists, 
joining their forces under the aegis of ACM and IEEE/CS, from time to time made it their aim to fix 
the current and, if possible, to anticipate the future status of the evolving subject area in the shape 
facilitating the establishment of the higher professional education. It is significant, that this model 
was being developed as a result of analysis and consistency of ideas and experience accumulated 
for the previous years by a wide range of experts participating in this process. As a result, a solution 
was offered that approximated a viewpoint which could be considered dominating and with which 
any particular results were correlated. One may believe, that the achieved compromise was always 
been typical of this educational system in general. Figuratively speaking, a big academic legend had 
been building on the basis of local folklore and, then, was offered as a sample for further 
independent creative work. In each case, the common cause depended on the both processes, and 
recognizing other party was an evidence of success. 

Today such considerations may provoke comments on current CC 2001. However, many-year 
studying and occasional using of the professional societies’ recommendations in educational 
process made me comprehend them as stages of a unified continuous work, with each stage formed 
on the basis of the previous ones, being, in a sense, their corollary. This is a dynamic and uneven 
process following the dramatic evolution of the subject area or, better to say, is its constituent part, 
highly dependent on the collisions in its environment. This process itself may be no less essential 
for those interested than the current stage results submitted for review.  

Like my earlier articles [7,8], this paper basically discusses the academic constituent of the 
educational system directly concerned with curricula structure and content. Each curriculum 
contains parts or sections devoted to topics that are primary base for these solutions. From them, I 
chose to discuss the definition of discipline, theoretical grounds and the role of programming 
(Chapter1). Chapter 2 describes composition of courses of the first two curriculums, recognized 
today as classics. Chapter 3 is devoted to the third curriculum, which development influenced in 
many ways the work of the Task Force responsible for the last curriculum. The results are discussed 
in Chapter 4. Finally, a summary of this long-term process is given in Conclusion.  

 Italics supplied. 
 

2. Principle settings 

2.1 Definition of discipline 
Development of the first curriculum fell on the period, when education was still becoming 

familiar with computer emergence, itself. Selecting between three variants of the discipline title – 
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computer science, information science and, a synthetic computer and information science, the 
authors of Curriculum 68 decided on the first one referring to A. Newell, A.J. Perlis and A.H. 
Simon explaining that  «computer science» means «study of computers and major phenomena that 
surround them» [9]. However, such a broad language was updated by specifying three principle 
components of the discipline: 

1. Information structures and processes: data structures, programming languages, 
computation models. 

2. Information processing systems: computer structure and computation organization, 
translators and interpreters, operating systems, task-oriented systems. 

3. Methodologies: numerical mathematics, data storage and recovery, file management, 
symbolic computations, word-oriented (text) processors, computer graphics, simulation, 
artificial intelligence, etc. 

The triad «information structures – processing systems– processing methodologies» was 
definitely oriented to complete presentation of the recently emerged subject area to future 
professionals. It possesses coherence inherent in a unified discipline that allow further detailing of 
its content.  

Mass production of advanced and affordable  computers in the following decade boosted 
development and wide distribution of electronic information technologies. Accordingly, training 
programmers became one of priority tasks of education. Perhaps, this was a decisive reason for 
ACM to issue Curriculum’78, which is associated by critics with an uncompromising idea of 
«Computer Science = Programming». In the article of Anthony Ralstone and Mary Shaw [10] 
protesting aggressively against «unmathematical» presentation of computer science by the next 
curriculum, it was noted that: «The principles and theories of any science give it structure and make 
it systematic. They should set the shape of the curriculum for that science, for only in that way can 
they provide a framework for the mastery of facts, and only in that way will they become the tools 
of the practicing scientist”.   

This was the manner, in which the Joint Task Force lead by Peter Denning, working in the 
context of mass producing of more and more advanced computers and rapidly widening application 
areas tried to define the concept of the third curriculum. On the one hand, this required that 
profound scientific grounds be found in what was happening (as it is ought to be in higher 
education), on the other hand – most important artifacts had not to be missed either. That is why in 
its charter the Task Force expressed its firm intent to “present a description of computer science that 
emphasizes fundamental questions”, mentioning further that “the definition should recognize that 
the field is constantly changing and that what is said is merely a snapshot of an ongoing process of 
growth”. Thus, due to certain confrontation between “fundamental questions” and “a snapshot of 
the ongoing process of growth”, the selected approach was not simple.  

The goal was achieved in the following way. The discipline image was successively drawn up 
from its short definition, division into sub-areas and elaboration of sub-areas, which were preceded 
by a noteworthy comment:  «We intend this to be a «living definition», that may be revised from 
time to time to reflect maturity and change in the field. We expect revisions to occur most 
frequently in the details of sub-areas, occasionally in the list of sub-areas, and rarely in the short 
definition».  

The definition of computer science, given in the first curriculum, is mentioned in the report as an 
option. However, the following formula was accepted: «The discipline of computing is the 
systematic study of algorithmic processes that describe and transform information: their theory, 
analysis, design, efficiency, implementation and application. The fundamental question underlying 
all of computing is, “What can be (efficiently) automated?” » In fact this may be interpreted as a 
paraphrase of « computer-related phenomena», but it should be noted, that it is not computers that 
are in the focus, but «processes that transform information», which is broader and underlines 
adherence to scientific side of the matter. 

As a context, in which description of the discipline was shaped, mentioned were three paradigms: 
theory, associated with mathematics and methods of task setting and solving adopted in 
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mathematics; abstraction or modeling of possible implementations, making it possible to 
investigate core features of an object omitting insignificant details; design, implying the entire 
nomenclature of activities related to product implementation. Such an approach erased principal 
difference   between computer science and computer engineering – the first referred to theory and 
abstraction, the second – to abstraction and design, together forming the «computing discipline».   

These concepts were also used to identify the sub-areas. They were qualified by four criteria: 
underlying unity of subject matter and availability of substantial components of each of the three 
paradigms. As a result, nine sub-areas were identified with «Social, Ethical and Professional issues» 
added. Accordingly,  a 9 x 3 “definition matrix” was developed, with sub-areas in one row, and 
theory, abstraction and design defining the column (Figure 1). At the last stage of the description (in 
the Appendix) all sub-areas were specified in detail by these three components. 

 
 Theory Abstraction Design 

1. Algorithms and data 
structures 

   

2. Programming languages    

3. Architecture    

4. Numerical and symbolic 
computation 

   

5. Operating systems    

6. Software methodology and 
engineering 

   

7. Databases and information 
retrieval 

   

8. Artificial intelligence and 
robotics 

   

9. Human-computer 
communication 

   

 
Fig.1. Computing Curricula 1991: definition matrix for computing discipline 

 
It should be noted that the developed structure was extended by considering in just a few words  

«affinity groups» that appear in all sub-areas and their components such as, for example, parallelism 
or performance evaluation. 

Despite the image of a «snapshot», the work appears as a sincere attempt to form the concept and 
define principle properties that distinguish computing among other academic disciplines. However, 
the Task Force preparing the final draft of the third curriculum [5] in a substantially changed 
membership (without J. Denning and most of his colleagues, co-authors of «Computing as a 
discipline») has not used these results in full.   

Against a background of the topics described in the earlier ACM curricula, the added computer 
engineering was presented, in fact, as a small extension to the Architecture sub-area and an 
advanced VLSI course. Some topics, such as information systems that already at that time were of 
current importance remained uncovered. As a result, this document describes the subject area within 
the computer science framework traditional for ACM. Probably this is the reason why the 
comprehensive “short definition” of the discipline was not cited in the document. 

The final draft of the curriculum included just a brief general language introduction of “working 
methodologies” of theory, abstraction and design. It has, however, nothing in it beyond general 
recommendations on their usage in the educational process. As a result, the definition matrix 
presented in the previous report was transformed into a linear list of sub-areas. But it should be 
noted that criteria used for the sub-area identification included the components of theory, 
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abstraction and design that were not now considered directly. Without the «ties» the uniform 
structure of the discipline sank. This was the reason why, despite traditionally mentioning three 
paradigms, mathematics and science, the sub-areas were reinforced by the “affinity groups” briefly 
mentioned in the report. They called them now “recurrent concepts” influencing computer design 
solutions, such as associative comparison (for example, process and processor, library object with a 
symbolic reference to a sub-program, etc.), performance, evolution, abstraction levels, ordering in 
space, ordering in time, etc.  Introducing them into the teaching materials was not a problem. In 
various combinations they were assigned to the subject modules of sub-areas, knowledge units 
(KUs), and, according to the curriculum text became “great ideas” unifying structure of a course or 
a lecture and connecting their components together. Coming back to the above-mentioned thesis by 
Anthony Ralstone and Mary Shaw, one may conclude, that in the third curriculum the «recurrent 
concepts» have taken place of principles and theories that give science structure and make it 
systematic. That is how matters stand. 

Concept developments associated with the third curriculum preparation are reflected in the CC 
2001 in the form of brief references, which I would call  «nostalgic». Developed were the subject 
area nomenclature and composition only. Now they are fourteen: discrete structures (DS), 
programming fundamentals (PF), algorithms and complexity (AR), architecture and organization 
(AR), operating systems (OS), net-centric computing (NC), programming languages (PL),  human-
computer interaction (HC), graphics and visual computing (GV), intelligent systems (IS), 
information management (IM), social and professional issues (SP), software engineering (SE), 
computational science (CN). Special knowledge focus groups (KFGs) worked on the content of the 
areas. In addition, pedagogy focus groups (PFGs) were established to be responsible for general 
components of the educational process, which were not directly related to the specific features of 
the areas. 

Thus, without the definitions, which were at the focus of the previous task force, we have to 
conclude, that this time the discipline is considered in fact as a set of fourteen subject areas listed 
above. 

 

2.2 Role of programming 
It should be mentioned, that all documents of the series contain in this or that way a topic of 

correlation between the title discipline and programming, which sometimes becomes dominating. It 
is associated with two problems. The first one, mentioned already, comes from the postulate 
identifying computer science as an alternative definition of programming. The second, 
methodological, problem is related to the approach establishing the pre-assigned priority of 
programming at the initial stages of education – “programming-first” concept. It is clear that the 
second problem can naturally evolve in the context of the first or become one of its symptoms, so 
sometimes it is difficult to differentiate between them.  

The CC 2001 explains popularity of the programming-first concept by the prestige of the first 
and the second curriculums. This needs to be commented. 

There is a stunning phrase in Curriculum 68 saying that developing programming skill is by no 
means the main objective of the computer science undergraduate program.  Nevertheless, it is 
immediately followed by the words that such skill  is «an important by-product», and can be 
attained by including computer work in the required courses and student participation in “true-to-
life” programming projects. The definition of the core components of the subject area does not 
mention programming at all.  

As far as Curriculum’78 is concerned, everything is true; programming is its leitmotif, around 
which most of the courses are structured, and in the first place, introductory ones. According to the 
listed requirements the students should first and foremost be able to write programs in a reasonable 
amount of time that work correctly and only as the next thing they should know what general types 
of problems are amenable to computer solution. No wonder that this concept was subjected to 
strong criticism beginning from the first lines of the original Denning’s group report, which 
presented a broad approach to the discipline discussed in the previous section. The starting thesis of 
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the report alleged that “focusing on programming to the exclusion of other topics gives students a 
limited sense of the discipline, thereby reinforcing the common misperception that “computer 
science equals programming”. Programming, as an independent subject, was placed among 
prerequisites of introductory computing courses structured already at the high school. It was 
suggested that in case the first-year students are insufficiently trained, they could improve 
programming skills to an acceptable level before going through the introductory courses or in 
parallel with them. 

The third curriculum, following the report, was not so keen in approaching the subject having 
introduced it with the programming concept definition (which is true, as a matter of fact). 
Programming there is understood as “the entire collection of activities that surround the description, 
development, and effective implementation of algorithmic solutions to well-specified problems”. It 
is underlined that the definition should not be construed to mean simply "coding in a particular 
programming language or for a particular machine architecture," it necessarily implies the mastery 
of highly stylized skills in a particular programming language or a number of languages. At the 
same time, the activities connected with  methodology and engineering, for example the 
development of specifications and the maintenance of software, should not be related to 
programming.  

The Curriculum states a “multi-dimensional” role of programming in the education process – 
students develop programs during the design of software, they exercise and modify programs during 
other laboratory experiments, and they read programs in the normal course of studying subject 
matters in textbooks and published literature. Programming is an extension of the basic 
communications skills that students and professionals normally use in day-to-day communication. 
Programming skills are accumulated as a result of any such activity; they should be improved 
throughout the undergraduate years. 

Thus, the topic of programming was covered sufficiently, though a little bit indefinably, 
compared with the previously taken positions. However, for the first-year students with insufficient 
programming skills, an extra curricular course was introduced - «Introduction to programming 
language (PR)».   

As if closing the long-standing debates, the task force of Denning and Chang are deliberately 
impartial in formulating their attitude towards programming priority in CC 2001: its strengths and 
weaknesses are presented on equal terms. However, it is noteworthy that the list of shortcomings 
opens with the starting thesis of the report mentioned above [4]. Other shortcomings included: 
deferring theoretical topics to some later points in the curriculum, when they cease to be of the same 
immediate relevance to students already matured in programming; placing an excessive accent on 
some special features of particular programming languages hiding their algorithmic model; paying 
major attention to coding in the prejudice of elaborated program design, analysis and testing; 
discrimination of students, who has not yet acquired programming skills, and providing a bonus to 
those students who have already written codes. And finally, they give a recommendation that is 
worth citing: «The power and versatility of application programs have increased substantially in 
recent years, and it is important for students to recognize that such applications can be extremely 
effective as a problem-solving tool without the need for classical programming». 

 Arguments in favor of  “programming-first” approach reduce to the practical need for students to 
develop programming skills, necessary for mastering other subjects; to historical tradition of 
building computer science curricula on top of existing programming courses and the authority of the 
first and second curriculums. 

From my standpoint, comparison of all “pros and cons ” gives a clear understanding of the 
preferences of the CC 2001 authors. However, they conclude that though the predecessor of CC 
1991, urged in favor of a broad introduction to the discipline, most institutes focus their 
introduction courses on programming, and therefore «programming-first model is likely to remain 
dominant in the foreseeable future».  
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2.3 «Central intellectual aspects» 
Below is a quotation from a section of the CC 2001 devoted to the introductory courses: «When 

we view computer science as a discipline, it is important to look beyond its popular conception as a 
tool to consider its conceptual foundations. Upon what principles does it stand? What new concepts 
does it bring to the realm of knowledge?» An “introductory computer science” is assumed to give 
answers to these questions and let students into some «central intellectual aspects» of the whole 
computer science. The list of these aspects is presented in the original report.  

I thought it would be interesting to fix on the theoretical component of the discipline, in the first 
place, topics, that can be represented through mathematics, such as «algorithmic concepts»  opening 
the list. In this regard it should be noted that the intention of the authors of report [4] to present each 
area of computing supported by a powerful theory turned out to be a hard nut to crack. Evidently, 
the CC 2001 task force founds the approach of the first curriculum more realistic. In this curriculum 
discrete mathematics was made a part of computer science, whose course structure was presented 
within a unified scheme of prerequisites with the structure of the associated courses provided by 
mathematics chairs, and was substantially connected with it. Accordingly, the part of the new 
curriculum dedicated to “mathematical rigor” mentions, that computer science depends on 
mathematics in many of its fundamental definitions, axioms, theorems and proof methods, and, 
therefore, it is necessary that the mathematics concepts be introduced from the very beginning of 
education and the introductory course mathematics be used in later years. For this reason, 23 years 
later the discrete mathematics was returned to the curriculum as a part of the subject area DS. There 
is a short mentioning of «supplementary mathematics» too, giving a list of disciplines, most of 
which were present in the previous curriculums (introductory course, statistics, linear algebra, 
numerical methods, theory of numbers, geometry, symbolic logic). 

Thus, the paradigm «theories rooted in mathematics» is implemented now mainly due to 
«intellectual aspects» of the two areas – the newly legalized DS and previously presented AL. 
According to a rather popular pedagogical practice, discrete mathematics is stood  by itself in the 
introductory course having only a number of topics associated with algorithms, and very few - 
associated with digital logic; there are no recommendations for using discrete mathematics, the 
more so, “supplementary” mathematics, in the later courses.  

 In the first year, some topics  of the AL area modules are found in all recommended 
combinations of the introductory courses, but in the second year topics of the AL area that still have 
not been studied are collected into one universal course and allocated altogether to all variants of 
the next (intermediate) education stage.  It is fair to say that small amounts of certain components of 
the algorithm theory (distributed, geometric and cryptographic algorithms) are present in post-
introductory course. Most topics of the intellectual systems area, which, in a sense, is a theory 
domain, are definitely of scientific nature. However, one may conclude in the whole that a policy of 
drawing the subject matter of computer science from theoretical grounds is identified in one way or 
another only in the introductory course of the education process. In the following it disappears, 
perhaps, because the process moves over to the sphere of artifacts covering over 100 basic topics 
with the major portion of them falling on computer technologies including those recently emerged. 
It is not simple even for task forces of professional societies, nothing to say of ordinary institutes 
with limited resources, to associate all these topics with theory.  And theory may still not appear to 
manifest itself there.  

 

3. Milestones in the academic legend 

3.1 Classic compositions of courses 
In the first two curricula the results of the authors’ work were not preceded by resolute charters. 

Take, for example, a delicately sounding introduction to Curriculum 78, “It is the hope of the 
Committee that this report will further stimulate computer science educators to think about their 
programs and, as appropriate, to share their thinking with others. If this is done, the primary 
objective of the preparation of these guidelines will have been met”. The intention was realized – 
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the curriculum, just as its predecessor, became a pedagogical classics, so did the related critiques. 
Their popularity could be easily ascribed to the fact that back in the 60-70’s most essential topics 
could be covered with a single set of courses, possibly with minor variations.  However, the fact 
that both task forces based their prerequisite structure on real ideas already tried out by their 
colleagues and supported by the majority is of great significance. 

Curriculum 68 
The education program of the first curriculum includes three levels: basic, intermediate and 

advanced. The basic courses are mandatory. The intermediate courses are divided into mandatory 
and optional ones. The advanced courses are always regarded as electives. 

The prerequisite tree’s part with the mandatory courses is outlined in Figure 2. Its root is is a 
basic course titled “B1. An Introduction to Computing” that comprises blocks of related topics 
consistent with the major components of computer science, which are defined in the principal part 
of the document: 1) algorithms, data representation, programs and programming basics; 
2) computers, computer organization and characteristics; 3) survey of applications, computer 
solution of numerical and non-numerical problems using one or more programming language. The 
first two blocks of material are then elaborated in a course “B2. Computers and Programming” 
(computer structure from the viewpoint of an assembler programmer; assembler programming), and 
the third block - in a course B4 introducing numerical calculus (the methodology branch is 
completed with intermediate-level optional courses on numerical analysis). It is important that the 
root course is also followed by a basic course B3 on introduction to discrete structures, which 
covers topics directly related to both a constituent of information structures (groups, graphs) and a 
constituent of information processing systems (Boolean algebra).  

 
В1. Introduction to 

computing 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2. Curriculum 68: basic courses 
 
The B2 and B3 courses serve as prerequisites for intermediate-level “I1.Data Structures” and “I2. 

Programming Languages”courses, further developing a constituent of information structures and 
processes, and for “I3. Computer Organization” course covering hardware. And, finally, the 

В3. Introduction 
to Discrete 
Structures 

B2. Computers and 
Programming 

В4. Numerical 
Calculus 

I1. Data 
Structures 

I3. Computer 
Organization 

I2. Programming 
Languages 

I4. Systems 
Programming 

Definite prerequisite 
Desirable prerequisite 
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mandatory hierarchy is completed by the “I4. Systems Programming” course dealing with software 
organization in multi-user computer systems.  This course is intended to combine concepts and 
methods developed in the previous courses on data structures, programming languages and 
computer organization, examining their role in building a universal computer system.  

Such a content of the mandatory courses gives grounds to mention breadth of the program 
(parallel presentation of the core components of Computer Science), its depth  (using discrete 
mathematics as a basis for specialized disciplines) and the proper focus on programming 
(ubiquitous presence in the hierarchy of topics), which is achieved by both alternation of topics 
within a single course and a carefully elaborated combination of courses.  

It should be noted that as early as in the first curriculum a condition arose that was characteristic 
of the whole series: diversity and constant evolution of the subject area, different approaches to its 
presentation, and different local conditions make it impossible to recommend that universities apply 
a unified education program even to the undergraduate academic stage; it is essential to set forth 
several options or create prerequisites for local alternative solutions. Thus, under the heading 
“Areas of Specialization”, the curriculum contains several course combinations corresponding to 
certain principal components of Computer Science. In each case the mandatory courses are 
supplemented with optional CS-courses and electives of the both, computer science and 
mathematical parts of the prerequisite structure. It is noteworthy that, for the most part, the electives 
aim to provide theoretical support for the specializations.  

Curriculum’ 78 
In the second curriculum all elementary (basic) and intermediate-level courses that form core 

curriculum are mandatory (this part of the prerequisite tree is outlined in Figure 3).. Thus, when 
specific education programs are developed, variations are allowed solely in advanced courses, even 
though no recommendations are made in this respect. This tough model is to a certain extent 
associated with uncompromising orientation towards the programming-first approach.  
 

CS1. Computer 
programming 1 

 

 

 
CS2. Computer 

programming 2  

 

 
CS4. Introduction CS5. Introduction CS3. Introduction 

 to Computer to File to Computer 
Systems Organization Processing  

 

 

 

 

 

 

 

 

 
Fig.3. Curriculum 78: core material 

CS6. Operating 
Systems and Computer 

Architecture 1 

CS7. Data Structures 
and 

Algorithm Analysis 

CS8. Organization 
of Programming 

Languages 

absolute prerequisites 
recommended prerequisites
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According to the conceptual guideline, the prerequisite tree begins with two elementary-level 
successive courses on computer programming (CS 1, CS 2). They cover the first year of study; the 
first course involves topics basically related to individual programming, the second course is more 
accented on designing larger programs by programming teams. Educating is built around a certain 
high-level language, which is not explicitly specified, but no topics related to “esoteric” features of 
a chosen language, nor other aspects of computers are allowed to be included in these courses. 

 As can be seen from their titles, two out of the three parallel elementary-level courses following 
the two introductory ones deal with computers:”C3. Introduction to Computer Systems” and “C4. 
Introduction to Computer Organization”. However, the priority of programming is obvious here as 
well, the former being mainly devoted to assembler programming and the latter, a more thorough 
course, providing an information about basic logic design, coding, number representation, 
arithmetic, assembly level machine organization, that gives programmers an insight into the 
computers they work with. It is recommended that this course be taken on a real mini- or 
microcomputer system, i.e. the one that could be used to really associate a program with the 
hardware base. The content of the third course in this block “CS 5. Introduction to File Processing”, 
is reflected in its name.  

Students are taught operating systems as part of the course “CS6. Operating Systems and 
Computer Architecture 1” at the intermediate level, in the concluding block of mandatory 
undergraduate courses. It is noteworthy, that only in the framework of this block students take: 1) 
an essential theoretical course (CS7) on Data Structures and Algorithm Analysis, which was among 
the first courses taught in the previous curriculum, and 2) a course (CS8) on Organization of 
Programming Languages offering a generalized conceptual description of programming languages 
after the students have been designing programs for two to three years in practice.  

Giving a general assessment of the education program the following fact may be mentioned. 
Despite its adherence to a seriously disputable concept, this curriculum at large cannot be criticized 
for simplified subject presentation. Such new courses or courses developed from separate topics of 
the previous program as those devoted to file systems and operating systems were added to the 
mandatory part of the prerequisite structure. But, in my judgment, the most remarkable advantage  
courses intertwining diverse topics within a single concept. In this sense, more notable are the 
elementary-level course in file processing (methods of sequential data access, abstract data 
structures characteristic of files, physical presentation of files), intermediate-level course in data 
structures and algorithm analysis (graphs, algorithm building and analysis, memory organization, 
systems design) and advanced-level course in algorithms (numerical analysis, systems 
programming, artificial intelligence). It can be concluded that, targeting the educational program to 
skilled programmers, Curriculum’78 gives  examples of how one course can demonstrate the 
breadth and abstract background of its subject matter.      

 

3.2 Experience of modular design (Computing Curricula 1991) 
We have already mentioned some differences between the guidelines of the third curriculum and 

the previous report. There is an explanation for this. Seven scholars who prepared the report were 
formulating their presentation of the discipline at the conceptual level, being, to a certain extent, 
free from constraints imposed by concept implementation.  Only two of them took part of the 
considerably extended task force who released the final document. The task force members largely 
depended on real-life conditions and had a tremendous responsibility, as the document was to be 
recommended for use by universities. What made their task more complicated was that the subject 
area breadth and the diversity of approaches to its presentation ruled out the possibility of designing 
an education program as a single group of courses or its limited versions, as it had been done in the 
first two curricula.  Thus, a decision was made, indeed, very radical for this area, to offer 
pedagogues a collection of subject matter modules mandatory for any undergraduate program 
(common requirements) and give them the freedom to construct courses using this material.  

Despite the respectful assessment of the previous report, the authors of the Computing 
Curriculum 1991 took up just one principal result from this report – representation of the discipline 
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as a set of sub-areas that covered a total of 55 modules (knowledge units, KUs) described with their 
attributes - lecture hours, prerequisites, recurrent concepts, topics. No provision was made for 
developing the structures on the basis of theory, abstraction and design paradigms – in any case, 
within a specified period of time the task force could hardly come up with a coordinated version 
that would meet the universities’ requirements. In particular, here is the only thing said about 
theory: “An undergraduate’s first encounter with theory in the discipline often occurs in an 
introductory mathematical course. Further theoretical material emerges in the study of algorithms 
(complexity theory), architecture (logic), and programming languages (formal grammars and 
automata)”. These topics are only covered with six modules, which is incomparable with the 
impressive list of theoretical topics in the Appendix to the previous report. I would place the rest of 
knowledge units under a general category of “artifact representation” in its broad sense: from 
principal ideas in software to elementary hardware circuitry. 

In order to make local work easier, the Appendix to the curriculum contains twelve 
“implementations” (samples) meeting requirements of the most typical institutional settings. They, 
for instance, provide individual illustrations for the principal properties that were considered in the 
framework of a unified program in the early curricula. Looking at this aspect, we should note that 
courses comprising any of the sample programs, were made up of the same set of knowledge units. 
Thus, differences resulted from different distribution of knowledge units among courses and years 
of study. Keeping this in mind, one can take a few quite typical examples, starting with a program 
aimed at educating professionals in computer engineering (Implementation A. Computer 
Engineering). 

 The first year is devoted to “Introduction to Computing 1, 2” courses, providing understanding 
of “algorithmic problem solving” in the different sub-areas of computing.. This is a certain kind of 
survey introducing knowledge units from AL, HU, NU, PL, SE and SP sub-areas. Note that topics 
related to hardware (AR) are not on the list initiating future engineers into their profession. They 
first encounter these themes in their second year of study during “Introduction to Computer 
Engineering” course covering register-level components including digital and logic circuits, as well 
as methods of formal representation of digital systems. Another principal topic in this year is 
“Analysis and Design of Algorithms”; it embraces almost all knowledge units of AL sub-area with 
a small addition of topics in artificial intelligence. Software is represented by a group of knowledge 
units providing a deeper insight into SE sub-area. The third-year courses are directly associated 
with major sub-areas of computing: SE (with related topics in SP), PL (a homogenous course), OS 
(with a brief introductory presentation of topics in DB and HU), AR  (assembler-level computer 
organization, memory organization, interfaces and communication, alternative architectures). A 
combined course in Software Systems devoted to “ strategies and concepts applied in the context of 
issues associated with the design and implementation of software systems” stands apart. The course 
includes topics from knowledge units of AL, DB, HU, PL and SE. As far as the forth year of study 
is concerned, it is only mentioned that it helps students gain experience of design in computer 
engineering.  

The description of the program’s objectives and specificity does not give any reasons why this 
program belongs to the sphere of computer engineering. What makes it even more puzzling is that, 
with minor differences, this program coincides with the one in Computer Science (Implementation 
D. Computer Science) throughout the three years of the undergraduate programs. However both 
implementations (engineering and science) have lists of elective courses attached, which are 
intended for the forth year.  But they also coincide in 14 points out of 18, with only a few lines of 
comments.  

Bearing this fact in mind, one may try to compare three programs based on different approaches 
to presentation of Computer Science: generalized (Implementation D. Computer Science), broad 
(Implementation E. Computer Science. Breadth-First), in-depth (Implementation F. Computer 
Science. Theoretical Emphasis). However there are some solutions that definitely need to be 
clarified. 
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1. “Hardware” topics of AR sub-area are scheduled in Computer Engineering program to the 
second year only, whereas in implementations of Computer Science E and F they are 
already  sufficiently introduced during the first year. 

2. In the first year, topics dealing with algorithms and data structures, traditionally regarded 
as the conceptual basis of Computer Science, are more extensively presented in 
implementations A (alias D) and E than in implementation F intended for in-depth study 
of theory; among other things, this pertains also to merely theoretical topics of the AL 
sub-area that are introduced in Computer Engineering and Breadth-First programs one 
year earlier than in implementation F. 

3. In the second year, the theory-oriented implementation F presents two knowledge units 
from AR area in course and, virtually, the whole set of AL knowledge units, what results 
in diverting students from software-related topics for an entire year. 

Only a few examples are given here. However, an assumption can be made that such structures 
with brief and very general comments curbed enthusiasm of those, who were to design their own 
programs from standards modules, with an indispensable condition of using all of them. They were 
likely to fall short of well-elaborated education programs of the previous curricula that were indeed 
worthy of being applied.  It is very unlikely, for instance, that it was Curriculum’78’s focus on 
programming, vehemently denied in the report, that eventually would cause pedagogues to reject it. 
At an average university context this focus can be put into practice more easily than the breadth and 
depth ideas that have been put on a pedestal this time. There is no doubt, however, that as the 
education process was refined locally, those ideas were taken into consideration and entwined into 
it, being transformed into the most acceptable versions in terms of education practice.  

 

3.3 Advanced and supplementary courses 
The courses under this category are offered to students at the final stage of education. They can 

be referred to two groups, one of which suggests more extensive and deep coverage of the 
previously addressed topics from the mandatory list and the other offers supplementary special 
topics having good potential for students’ professional careers. 

Looking at the content of the final courses of all the three curricula, it is easy to conclude that it 
was quite naturally determined by both dynamics of the actual development of different discipline 
components and attitude of the authors of academic programs toward them – the factors that do not 
necessarily agree. Here is a typical example. Along with computer-architecture-related topics in the 
basic course, the “broad” Curriculum 68 offers, at the end of the undergraduate program, “A2. 
Advanced Computer Organization” course that extends the range of topics and demonstrates new 
examples of the topics development. The “programming-oriented” Curriculum 78 also covers these 
topics in the advanced combined course “CS10. Operating Systems and Computer Architecture”, 
although they only comprise 15 percent of its material. And, finally, in Computing Curricula 1991 
architecture innovations are found in the mandatory knowledge unit “AR7: Alternative 
Architectures” (1.Comparisons, 2. CISC, RISC, 3. Parallel Architectures, 4. Tight Coupling)”. 

Software Engineering, Artificial Intelligence, Data Bases and Numerical Methods courses follow 
a similar pattern to transfer to the next curriculum. However, unlike architecture, they are not 
discriminated in Curriculum’78. On the contrary, topics of these continuously developing sub-areas 
extend proportionately in both advanced courses of the second curriculum and common 
requirements of the third one. Furthermore, the third curriculum introduces advanced courses for 
SE, AI, DB and NU sub-areas. They provide for the future involvement in masters’ programs. 

In fact, the transition of topics, which have proved to be relevant, from advanced courses to core 
ones is a harmonious process. In this respect topics associated with theoretical constituents of 
Computer Science: 1. theory of computation; and 2. theory of programming languages and compiler 
design concepts stand apart. Formally, these topics are characterized by the same migration pattern. 
However, the following fact is of great importance: in all the curricula the contents of courses 
relating to each of these two lines are rather similar. This can be explained, for example, by 
traditionally conservative presentation of theory, a gap between theory and artifacts development 
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and a small impact theory has on this process. But it can also be assumed that theory establishment 
on core and advanced levels as well as exchange of theoretical courses between these levels 
depended more on the attitude the ensuing task force had toward these topics than it did on 
objective causes. So, this fact could be a probable explanation why the theory is referred to 
additional materials in Curriculum’78 whereas in CC 1991 it is introduced by mandatory 
knowledge units of AL, PL sub-areas and an in-depth course within the advanced program. Another 
example is provided by computer graphics. Such an advanced course appeared already in the first 
curriculum, these topics were altogether excluded from the second one and introduced again within 
an advanced course  of the third curriculum; in Curriculum 2001, skipping the phase of a sub-area’s 
topics,  computer graphics was defined as a separate sub-area.  

It should be noted that the authors of the latest curriculum quite decisively included topics to CS 
Body of Knowledge, which had deserved more attention in the previous curriculum and even in 
Curriculum’78. But this is a subject of the next section.  

 

4. Final Curriculum 

4.1 Continuity factor 
Strengthening a tradition of beginning a document, prepared by the Task Force, with its charter, 

the CC 2001 authors, upon studying the preceding curriculum, decided to «develop a revised and 
enhanced version for the year 2001 that addresses developments in computing technologies in the 
past decade and will sustain through the next decade”. Comparing CC 2001 charter with the charter 
of the first Denning’s Task Force, one can see that there is no longer any emphasis on fundamental 
issues, in fact, it is suggested to replace the previous snapshot of an ongoing process of growth with 
a new one.   

Relying, in general, upon the third curriculum, the new Task Force deemed it their duty to 
identify those issues, which, according to the charter, need to be revised and enhanced. For that 
purpose an informal survey of the pedagogical community was undertaken, that demonstrated truly 
unanimous approval – 98% of the respondents spoke in favor of the revised CC 1991 version. 
However, it was noted, «there was also a perception among some computer science educators that 
CC1991 was not as influential as some of its predecessors. Although CC1991 is certainly more 
detailed, institutions sometimes find it more difficult to adapt than Curriculum'78». Of all 
recommendations varying from version to version of the new document two are most important to 
my mind: 1) It is recommended that along with the knowledge units a description of courses be also 
presented ad exemplum of the still popular Curriculum 78; 2) It is tempting to add new material to 
the CC 1991 required set so that a smaller set of core topics would serve as a foundation for more 
advanced study that would vary markedly depending on the institutional settings and the needs and 
interests of individual students. 

 Besides, in one of the earlier versions of CC 2001 (Ironman Draft) it was recommended “The 
report should define more model curricula, with particular emphasis on the diverse nature of 
educational resources, systems and requirements of different academic departments throughout the 
world”. Taking into consideration both comments above, we may conclude, that the respondents 
were not quite satisfied with the examples of sample curricula given in the Appendix to CC 1991. 

 

4.2 Curriculum general structure  
Following the traditional arrangement of undergraduate programs, CC 2001 suggests dividing the 

educational program into three successive sets of courses (with possible overlapping) – 
introductory, intermediate and advanced. It is clear, that without connective statements on the report 
[4] type the authors of the new curriculum had to unify in some way a set of subject areas in the 
framework of a single academic discipline and its educational process. With regard to the 
introductory sequence the emphasis was laid on the existing practice of teaching computer science. 
Without giving its own introductory course model, the curriculum describes six implementation 
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strategies «that the CC2001 Task Force feels have achieved a level of success that allows them to 
serve as models of best practices». The fact, that a strategy is endorsed by people other than its 
authors, was an evidence of real success. From this standpoint preferable variants could have been 
selected from statistics data as well. However, it looks like those of them, which were disputed, 
approved or just mentioned while designing the earlier curriculum, were chosen as key variants. 
This is both a direct evidence of continuity and a peaceful settlement of a long-standing dispute.   

This time the programming-first concept is implemented by three paradigms – imperative 
(Imperative-first), object-oriented (Objects-first) and functional (Functional-first) with the object-
oriented programming explicitly in the focus and identified as a core curriculum requirement. In 
fact, the attitude towards object-oriented programming determines the choice between the two main 
variants of the generalized programming-first concept – Imperative-first and Objects-first: “Some 
argue that students who have learned the imperative model first have more trouble adopting an 
object-oriented approach. Others counter that students who have grown used to working in an 
object-oriented language will chafe at the idea of learning to work without those features that makes 
object-oriented programming so powerful.” To make the choice easy, it is recommended that the 
imperative-first model should also use the object-oriented language for examples and exercises. In 
this case difference between the approaches is reduced to just a dilemma of what is to be taught in 
the first place – imperative aspects of the language, such as expressions, control structures, 
procedures, functions or, vise versa, its principle features. 

Two schemes of the course introductory sequence were offered for implementation of both 
models: traditional two-semester and advanced three-semester, the latter developing a deeper 
understanding of «fundamental concepts of programming». Here the imperative and object-oriented 
models get differ also by rearranging the topics: the first model provides the «Data Structures and 
Algorithms» course in the third semester, while the second one suggests «Algorithms and Data 
Structures»… 

A model emphasizing a functional programming paradigm stands apart.  This model makes it 
possible: 1. having started teaching process with a simple functional language, generally unknown 
to majority of students, to reduce diversity in the students’ programming background; 2. to reduce 
significance of syntax in favor of fundamental issues; 3. to introduce  in a natural way such 
important ideas as recursion, linked data structures and functions at an early curriculum stage. In 
this case only a two-semester model is offered, with objects and algorithms taught in the second 
semester. The above-mentioned features of the functional approach get a final shape in the 
algorithms-first approach also designed for two semesters. In this case basic algorithmic concepts 
and constructs are studied on paper using a pseudo-code that was not implemented on computer.  
The same approach is used for developing the ability to run, or at least start debugging by checking 
algorithm, not by fixing bugs in the executed program. As there is no computer practice, the saved 
time can be spent for supplemental theoretical topics. Thus, theory comes first and only then comes 
mandatory object-oriented programming (second semester), that is, for almost half a year practical 
students do not think of theory as of a makeweight to useful knowledge. In 1989, E. Dijkstra’s 
paper “On the Cruelty of Really Teaching Computer Science” [11], accordant with these ideas, has 
been causing a violent reaction. It is not, perhaps, without its influence that a depth-first approach 
(theoretical emphasis) was illustrated in CC 1991. This time associations, as well as interest of the 
Task Force in this subject are more apparent – algorithmic approach is commented in every detail. 

Breadth-first approach assumes giving “students exposure to a range of interesting and important 
topics rather than plunging them immediately into the details of one specific area” at the 
introductory courses. For that purpose most existing models involve the addition of an  introductory 
course, after which students, who realized the breadth of future profession, will be able to choose to 
their liking any of the two-semester introductory sequences of the programming-first category 
offered at the institute. Another option (not yet tested) is of an extended three-semester introductory 
sequence of the breadth-first approach.  

The hardware-first approach suggests a two-semester sequence including a step-by-step 
introduction to computer with increasing complexity of its components and, then, inevitable object-
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oriented programming techniques. Such an alternative can suit those students, who prefer 
realization features to abstractions.  

Doing justice to experience of teachers when designing the introductory courses of the 
curriculum, the authors of the curriculum decided to build an intermediate stage  «around more 
abstract themes that cut across (matrix syndrome?) the discipline». In this regard, the following 
citation from Mary Shaw – an authoritative pedagogue, whose opinion was also considered by the 
previous Task Forces, is presented: “Let's organize our courses around ideas rather than around 
artifacts. This helps make the objectives of the course clear to both students and faculty. 
Engineering schools don't teach boiler design -- they teach thermodynamics. Yet two of the 
mainstay software courses -- "compiler construction" and "operating systems" -- are system-artifact 
dinosaurs”. 

Having mentioned (it should say, with absolutely no implications) topics of CC 1991 «that cut 
across the discipline» – theory, abstraction, design and, in parallel, recurrent concepts - the Task 
Force formulated its own generalizing approaches to the intermediate courses. It is declared that the 
first approach – traditional (a traditional topic-based approach) – is devoted to presentation of 
subject areas under a scheme «each course addresses a single core area», the second one (a 
compressed approach) is intended for institutes with limited resources, which need to reduce the 
number of intermediate courses, the third one (a systems-based approach) is aimed at teaching 
students to develop high quality computer systems, and the final approach on this list is based upon 
web-technologies (a web-based approach). From the above it can be concluded that  “cutting across 
ideas” of the intermediate courses (at least – a part of these ideas) are: 1) “system-artifact 
dinosaurs”; 2) resource limitations in small colleges; 3) need for preparation of qualified system 
designers and 4) penetration of Internet-technologies into the education process. Following Mary 
Shaw’s parallels, we can hardly refer all these to thermodynamics. 

The curriculum defines, that in a certain context a couple can be selected for an introductory 
course approach from the intermediate course approaches. Thus, theoretically, there are 24(6x4) 
variants of the discipline presentation to select from. This is twice as much as the number of sample 
variants specified in CC 1991, i.e. the pedagogues’ desire “to have more model programs 
described”, presented in the Ironman Draft and excluded from the final document, was implemented 
precisely in that way.  

One of the Pedagogy Focus Groups (PFGs) compiled a list of advanced courses without 
publishing their content yet. Every subject area is associated with a group of advanced courses. The 
first course of each group, as a rule, has the same title as the subject area (perhaps, with addition of 
“Advanced”) and some of them are literally coincident with the subject areas KUs titles.  

 

4.3 Body of Knowledge 
Under this title the curriculum gives a comprehensive table, describing each subject area with a 

knowledge unit accuracy (a sufficiently detailed description of the entire structure is given in 
Appendix A to the Curriculum). Since «most computing disciplines have expanded to such an 
extent that it is no longer possible simply to add new topics without taking others away», it was 
decided to include into the area only a minimum number of core knowledge units chosen by a broad 
consensus - this responsibility was taken up by one of the pedagogic groups. Each core unit was 
characterized by a minimum number of academic hours needed for its presentation. Core units of all 
areas together formed “a computing core”. In addition to that, elective units giving way to 
variations were included into the area content. Neither the document nor Appendix A specifies the 
time allocated to electives.  

Analyzing different attitudes of the Task Forces towards the curriculum topics, I compiled Table 
1 showing a minimum number of hours allocated to mandatory topics in curricula of 1991  and 
2001 (PR hours are also included in the CC 1991 column).  Time is expressed in lecture hours. 
Dotted lines separate the groups of areas that will be commented below. Areas listed above the 
double bar are the ones to which bigger time resources are allocated a priori. 
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Table 1. Comparison data on lecture hours’ allocation between the subject areas in 
curricula of 1991 and 2001 

 

           1991 2001 
----------------------------------------------------------------------------------                                                        
PR. Introduction to Programming Language     12  
---------------------------------------------------------------------------------- 
1. DS. Discrete structures        43 
 PF. Programming Fundamentals       38 
 AL. Algorithms and Data Structures - Algorithms and Complexity 47 31  
---------------------------------------------------------------------------------- 
2.  PL. Programming Languages      46 21  
----------------------------------------------------------------------------------  
3.  SE. Software Engineering       44 31   
---------------------------------------------------------------------------------- 
4.  AR. Architecture – Architecture and Organization    59 36 
  OS. Operating Systems       31 18 
================================================= 
5.   AI. Artificial Intellect – IS. Intelligent Systems    9 10  
  DB. Data Base – IM. Information Management    9 10 
  HU-HC. Human - Computer Interaction     8 8 
------------------------------------------------------------------------------------ 
6.  NU. Numerical and Symbolic Computing -     7 -     
  CN.   Computational Science      Optional 
------------------------------------------------------------------------------------ 
7.  NC.Net-Centric Computing        15 
  GV. Graphics and Visual Computing      3 
------------------------------------------------------------------------------------ 
8.  SP. Social and Professional Issues      11 16  
------------------------------------------------------------------------------------ 
Total          283 280 
 
On the whole, the curriculum content is developed quite in the spirit of the CC 2001 charter 

maintaining continuity with the earlier curriculum combined with teaching the latest technology 
advances. Accordingly, the curriculum contains both actual fragments from CC 1991 and some 
innovations, either integrated into the old material or presented separately. This trend is reflected in 
the content of the areas too: some areas preserve old titles (though topics may slightly vary), some 
have got new titles to cover expanded topics (in the table they have double names and/or literal 
indexes through a hyphen), and others are introduced for the first time. The program was changed 
not only to reflect latest achievements in technology; it was recomposed or expanded by reasons of 
ideology too.  Primarily, it concerns theoretical block units following the elective PR, now 
cancelled. 

 
4.3.1. Theoretical Block 
After a long break the discrete mathematics was again included into the computing science subject matter. The DS 

area (DS1. Functions, relations, and sets, DS2. Basic logic, DS3. Proof techniques, DS4. Basic of counting, DS5. 
Graphs and trees, DS6. Discrete probability) has no analog in the earlier curriculum although a subset of actually the 
same topics is given in its subsection “Mathematics”. Also, it should be noted that DS topics presented with their 
applications in Curriculum 68 now take place within DS1, DS2 and DS5 units. So, after 26 years, only  proof methods, 
basics of counting and discrete probability notions look as principal additions to the initial course. 

  The PF area may be considered as a certain kind of replacement of the former elective PR aimed at giving 
uninitiated students the initial understanding of programming in a high level language.  However, the area was formed 
with one obvious intention in mind: in each case “minimize weaknesses of programming-first approach focusing on 
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algorithmic and problem-solving concepts rather than the vagaries of language syntax». Accordingly, topics were 
included from AL, PL and SE areas of the previous curriculum.  

Some changes in the algorithm subject matter are reflected in the title change from «Algorithms and Data Structure» 
to «Algorithms and Complexity». In the new curriculum some topics related to presentation of the programming 
fundamentals are moved from the former AL area to the newly formed PF area, and topics of abstract data types are 
moved to PL area. On the other hand, some topics in automata theory, which, as a part of PL sub-area, were associated 
with presentation of regular expressions and context-free grammars, are now given in AL area. As a result, it presents a 
mandatory sequence of basic algorithmic analysis, algorithmic strategies, fundamental computer algorithms, distributed 
algorithms and introduces an idea of computability. In the elective part,  ”pure” algorithms subject matter comprises an 
advanced algorithmic analysis and types of algorithms of special significance – cryptographic, geometric, parallel, 
while its computation aspects comprise classes of P, NP complexity and automata theory. 

4.3.2.  Programming languages 
While the PF area included into the curriculum gives programming fundamentals using examples, the PL area was 

reduced by the authors to mere abstractions totally excluding even mentioning of particular languages from the units 
and topics. The current status of this area is reflected in the priorities. In particular, the former generalized topic of the 
program paradigms is presented in the final version of CC 2001 through separate variants selected for the introductory 
strategies – object-oriented and functional (imperative variant is moved down to PF). Continuity with CC 1991 is more 
noticeable in the subject matter. First of all, this is valid for core units, four of which being directly taken from the 
earlier curriculum: overview of programming languages, virtual machines, introduction to language translation, 
declarations and types. A new core unit, abstraction mechanisms, was absent in the previous curriculum while object-
oriented programming (with maximum of academic hours allotted) appeared only in overview of programming 
paradigms. Elective units, in general, are meant to extend presentation of the core units topics (type systems, language 
translation systems, functional programming), but there is also a principally new (a little mysterious) unit -  
programming language design. 

4.3.3. Software Engineering 
One may conclude that presentation of this area got more practical and extensive character. Fundamental concepts of 

problem solving were moved to PF, whereas formal specifications went to the elective courses. Software development 
process, software requirements and specification, software design and implementation, verification and validation topics 
remained and were essentially extended within the core structure. Besides, basically new units were included to the 
mandatory group (software project management, using APIs) and as electives (component-based computing, software 
reliability, and specialized systems development).  

4.3.4. “System dinosaurs”  
The image chosen by Mary Shaw suggested an idea of an “archeological dig” in the systems-based approach courses 

(an intermediate stage). She mentioned operating systems and programming language translation. It appeared that on 
the list of the courses they go directly after the computer architecture course, that called for investigation of the status of 
this “adjacent” area as well. And not for nothing! Six of seven the core units of the AR area maintained basically former 
names and content (although, some other ideas were nevertheless introduced to the unit of multiprocessing and 
alternative architectures). The new unit of functional organization presents generalized topics of datapaths, pipelining 
and instruction-level parallelism. As  to electives, one of them gives understanding of the classical performance 
enhancements in use (prediction, prefetch, speculative execution, multithreading), whereas second elective unit,  
network and distributed systems architecture introduces to the know in the very first approximation.  

Only half units of the CC 1991’s very extensive OS area were moved to the body of knowledge. The subject matter’s 
hereditary  grandees are again some supplemented OS’s overview, principles,  process concurrency, scheduling and 
dispatch, and memory management. Device management, files, security and protection, real-time systems with the 
traditional topics became now electives. New ones between them are fault tolerance (in CC 1991 the topics were 
distributed among other units), system performance evaluation, and scripting.  

As for compilers, that, as previously, the topic is digged with minimal differences within the programming languages 
subject matter (elective) uncovered in the Mary Shaw’s sentence.  

4.3.5. Information Technologies  
In the previous curriculum the content of the areas in this group was developed in a substantially uniform manner. 

As a rule, it was comprised of two units, one addressing the subject matter on the whole, and the other – detailing the 
most significant technologies, problems or techniques.   In the present curriculum the core part of the areas looks 
similar. Names of the elective units in information technology, however, are more up-to-date. Specifically, the 
Intelligent Systems area involve agents, natural languages processing, neural networks, and AI planning systems. In the 
Information Management area the topic of relational database design is substantially extended; there appeared 
transaction processing, hypertext and hypermedia, data mining, multimedia information and systems, digital libraries 
units; Human-Computer Interaction area is enlarged by units addressing design of related software, graphic interfaces, 
multimedia systems, collaborative systems.  

4.3.6 Computational Science 
Numerical methods were included into all curricula: in the first curriculum they were represented as one of the basic 

courses, in the next two curricula – as an elective course, and, finally, in CC 1991 – they again appeared as a core area 
with minimum lecture hours. Now this subject matter is a part of the computational science, which is also known in the 
academic sphere under other titles (scientific computing, physical computing, and so on). This independent discipline 
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has emerged, and is already widely represented in the higher education due to important and forward-looking joint 
implementation of large-scale scientific projects by specialists of various types – scientists of application areas, 
mathematicians, system integrators, programmers. Academic status of the computational science has been and remains 
the subject for discussions that consistently express a standpoint assigning to computational science a part of the only 
worthy scientific base of the whole computer art. Probably, this is the reason why this subject area was again moved 
beyond the scope of core units to be introduced into elective units. 

4.3.7. Innovations 
Thirty years after publishing the Cerf and Kahn’s paper, devoted to the TCP/IP protocol stack, the networks topics 

got at last shaped in the curriculum as a separate issue. Net-centric computing, communication and networking, security 
issues and introductory presentation of the web are defined as core units; elective units are represented by web-
applications, network management, compression, multimedia technologies, wireless and mobile computing. The 
importance of the new topics is emphasized by a relatively large amount of time allotted to the core units, their number 
being almost the same as that of the elective units. Nevertheless, having long-term experience of lecturing in 
networking I would not start a course with parameters like these  – the subject matter is eclectic and giving a clear view 
of all topics brought only in the core units within the allocated time would be challengeable.  

Graphics combined with visualization was at last allocated a separate area. But this is actually an experimental 
introduction with only two core units (3 hours). However, just like most of the areas in the lower part of the table, they 
are completed with a large group of elective units, primarily covering this subject matter, but with no time resources 
identified. 

4.3.8 Social and Professional Issues 
Compared with the previous curriculum version, this area was expanded both in terms of time and number of units, 

most of them being core ones. This is an evidence of a serious attitude towards the subject matter. The former set, 
including historical and social context, professional responsibilities, risks of computer-based systems and intellectual 
property, was completed with a number of topics currently important (privacy and civil liberties, computer crime) and 
even general philosophical frameworks. 

 
4.3.9 Summary 
Finally, as regards to the subject matter presentation in the two curricula we can conclude: 
1. By comparison with the previous curriculum, the CC 2001 body of knowledge has been 

expanded by adding five areas, two of which  (programming fundamentals and discrete 
mathematics) were introduced as a result of the theory block re-interpretation, other two 
topics (net-centric computing and graphics) appeared because of a doubtless significance of 
the relating technologies, and the remaining one (computational science), with no core 
units – just in advance.  

2. Generally, the old priorities have been preserved. The bulk of the lecture time devoted to 
the core computing, was again given to the CC 1991’s favorites (theory, languages, 
software engineering, architecture, operating systems), while the areas from the previous 
list, presented in the table below the double line, were allocated little time again. 

3. When discrete mathematics appeared on the list of special disciplines, a share of theory 
increased significantly. Though AL area is given fewer hours now, it should be taken into 
account  that algorithms are taught in the context of the newly formed PF area too.  

4. New topics were introduced due to express discrimination of four “real” areas from the list 
of favorites – PL, SE, AR, OS. (The SE area was affected least of all. Besides, its subject 
matter was identified as a separate computing line passed to a parallel task force for 
elaboration.) 

5. An obvious novelty in the curriculum is a wide range of elective units included into the 
areas with limited core hours, most of which are connected with information technologies.  

As a result of all measures taken, «a minimal core consisting of those units for which there is a 
broad consensus» increased only by 8 (now there are 63 of them), while the allocated hours (280 
hours) have not changed in fact. Once the total lecture time remained unchanged, time left for the 
topics not included in the core units also changed scarcely – in the CC 2001 they are presented in 
elective units and «various combinations of advanced courses to meet institutions’ needs» (about 
200 hours by a rough estimate). Taking into consideration the rapid evolution of the computer 
science discipline that was repeatedly mentioned in the curriculum as a dramatic factor, we may 
conclude that the task force almost did not waver. 
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4.4 Courses 
Upon acquaintance with the content of courses, it is not surprising that one wants to know to 

what extent these courses meet the selected concepts. The pattern used to describe each course is of 
great importance here. Basically, it covers the purpose of a course (briefly), its prerequisites, 
syllabus quoting excerpts from the used units, a list of these units including their time requisites, 
and, finally, notes clarifying the course ideology. An overview of Appendix В showed that, in some 
cases, a syllabus doesn’t correspond in all topics to the following list of units, and that notes in 
some courses cannot be easily reconciled with previous components of the description, or 
sometimes no notes are found at all. So comparing the initial plan with its implementation, I 
decided to associate the courses with only one characteristic, lacking detail but quite a typical one, 
namely the lists of units used. Here are some observations. 

Discrete mathematics distinguishes well among the introductory courses. For all the approaches, 
except the breadth-first approach, two versions are offered: an intensive one, with the DS area of the 
body of knowledge covered by one-semester course, and a version extended to two semesters, with 
the area enlarged by elective topics that illustrate the way mathematical methods are applied to 
theory of algorithms and digital logic. In addition, the DS units are integrated, by way of 
experiment, into a three-semesters version of the breadth-first approach. 

Each of the remaining introductory sequences consists of two courses – one course per semester 
– that are only built from the core units (sometimes, by indicating “Elective Topics” it is suggested 
to add elective units). The courses include, with minor exceptions, all core topics of PF, AL, PL and 
SE areas. Besides, core topics of AR area are introduced gradually, and those of GV, OS and SP 
areas are introduced in small numbers. About a quarter of the body of knowledge units are used in 
the program during the first year. That was the material applied to shape constructs of different 
approaches in the introductory courses. 

Essentially, that about one third of the units used in the first semester and one half of those used 
in the second semester are common for all the approaches (these groups include all the above-listed 
areas, except for AR, GV and OS). For all the units, but one, comprising each approach group, 
difference in time does not exceed two hours. In fact, it is a unified structure of topics, and its 
framing allows us to evaluate the principle of approach implementation. Specific features that can 
be confidently associated with the approach concepts are as follows: 1) topics of “PL6. Object-
Oriented Programming” unit are introduced in the first semester with 8 and 4 lecture hours (out of 
10), correspondingly, for object-first and imperative-first approaches, and in the second semester 
for other approaches; 2) “AL1. Fundamental algorithmic analysis” unit is introduced in the first 
semester for functional and algorithmic approaches, and in the second semester for other 
approaches; 3) only the first course of the functional approach includes topics from “PL7. 
Functional Programming” unit; 4) the hardware approach is provided by partial introduction of four 
AR units in the first semester. Thus, there is only a slight difference between implementations of 
different versions of two-semester introductory sequences that could be definitely attributed to their 
different concepts.  The rest, at least, need an explanation. There are not a few questions here.  

 Why the unit of algorithmic strategies is mentioned in four approaches (three approaches, 
including the hardware one, listing it in the first semester), but is missing from the imperative-first 
approach? 

Why the unit of introduction to language translation is used in the imperative-first approach, but 
is not represented in courses of the other two approaches targeting the priority of programming 
(even though it is represented in the algorithmic approach)? 

Why the functional approach assuming 80 lecture hours coverage devotes only four hours to 
topics in functional programming concentrated in the PL7 unit, with the three remaining hours of 
this unit not mentioned anywhere else?   

Why unit of recursion is fully presented in the first semester for the hardware approach (and three 
more approaches), and is taught in the second semester for the imperative approach? 

Why unit of software evolution is only represented for the algorithmic approach? 
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Why subject matter of architecture (data representation and assembler-level computer 
organization) is introduced in the first year both for the hardware approach and the imperative-first 
approach, at the same time missing from the object-first approach?  

Why the second computer-focused course of the hardware approach that is based on a top-down 
technique “from bits to high-level language hierarchy” does not imply making an excursus into 
operating systems what is a norm in such a technique? 

Why a unit of the operating systems area  (Concurrency) is only found in the functional 
approach, and a unit of the human-computer interaction area  (Foundations of HCI) – in the object-
first approach? 

The tree-semester version of the imperative-first approach offering three successive courses 
differs from the two-semester one by introduced topics in algorithmic strategies, operating systems, 
human-computer interaction, net-centric computing, information management and by a broader 
presentation of software engineering teamed with social and professional issues. PF and AL 
theoretical topics and some of SE topics transit from the first year to the introductory sequence 
course of the third year. They fill up the last semester in the three-semester sequence of the object-
first approach as well. There are much fewer innovations here than are in the imperative-first 
approach: the novel units include those in architecture (computer data representation), language 
translation systems and, partially, professional and ethical responsibility. The last unit is missing 
from other versions of the introductory course, so the fact that responsibility topics are associated 
solely with object programming is somewhat confusing. 

More questions arise as one compares three-semesters sequences of the imperative-first approach 
and an experimental version of the breadth-first approach with DS topics integrated into each of its 
three successive courses, taking up over one forth of the overall time. It should be noted that they 
appear to be as segregated there as in the individual mathematical course of the two-semesters 
implementation – it is impossible, basing on the curriculum descriptions, to identify the authors’ 
judgment as to how these topics are associated with the remaining ones. Other content of the three-
semesters sequence for the breadth-first approach (i.e. all units from the subject areas different from 
DS) is very similar to that of the imperative-first approach - they contain 27 matching unit types, 
with the total number of units reaching 29 and 34, respectively. Although, the imperative approach 
provides more detailed coverage of the subject areas, presenting (besides the coincident  topics) 
algorithmic strategies, graphics, databases, software evolution, intellectual property and some other 
details of SE and SP areas, whereas the time-limited breadth-first approach is only noted for digital 
logic topics and introduction to intelligent systems. One might also have looked for differences in 
how topics are distributed over semesters; however, it turned out that the imperative-first approach 
introduces some areas (OS, NC, HC, AR) one or two semesters earlier than does the breadth-first 
approach. 

The curriculum has almost no material interrelating academic processes in higher education and 
in school, so the introductory stage is self-contained and, with few exceptions, does not refer to the 
background. At the same time, the intermediate stage is constructed on a foundation laid down by 
the introductory courses, and, consequently, each set of introductory and intermediate courses 
offered for implementation is to be conceptually and methodologically unified, as pedagogy 
requires. One way or another, earlier recommendations ensured that. In the first two curricula, 
introductory and intermediate stages of the undergraduate program were harmoniously integrated 
into a common structure of the prerequisite tree, recommended for implementation by the authors, 
whereas sample academic programs of the third curriculum were not divided into stages at all, being 
piled from knowledge units related to each of the four years of study. The latest curriculum offered 
a drastic innovation – in specific instances a single program should be shaped through consistent 
construction of two course combinations: introductory and intermediate that have been developed 
by different Task Forces in Pedagogy based on selected approaches.  

In view of problems that may arise in such a situation, the curriculum discusses all measures that 
would help to unify different combinations taken from introductory and intermediate courses. 
However, given the reservations, the set of courses detailed in Appendix B does not provide for a 
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feature essential for any version of the academic program, namely, complete presentation of the 
core units (which were defined, by the way, by a special pedagogy- focused groups).  It must have 
been difficult to keep all consistency versions under control, and in my estimation, about one third 
of the core units have not been entirely covered even if one of the combinations. There is evidence 
that this problem had an impact on the intermediate courses structure and, in some instances, it also 
promoted to a remarkable straightforwardness of solutions, for example, establishment of “two-
color” courses with groups of units from two areas combined without a well grounded motivation or 
even absolutely no motivation whatsoever.  Coverage of a certain subject matter with a single 
course that is common, but not equally inherent in all or most approaches of the intermediate phase, 
is also noted.  

Courses of a traditional approach directly correspond to subject areas connected with artifacts 
and their environment (AR, OS, NC, IS, IM, SP), even though there is a single course combining 
HC and SE topics. For some unknown reason, graphics is underestimated, since it is only 
introduced by two core units. Typically, a course description lists units of the corresponding area 
preceded by material on their subject matter taken from Appendix A. Descriptions of most courses, 
including a combined one, lacks concluding notes, but, with such a straightforward approach, there 
is no point in doing that. 

A compressed approach is noted for the lowest number of courses. This is a formal characteristic 
of the approach, as no reasons for selection of topics are specified in the curriculum, nor can they be 
identified using description, as the courses list includes both the foregoing uniform 
“CS220.Computer Architecture” course providing exhaustive coverage of AR area core topics and 
“CS292. Software Development and Professional Practice”  course incorporating units of five areas 
(it is not accompanied by any notes ). 

 Within the compressed approach it would be quite natural to implement cutting-across ideas that 
ensure conceptual unification of topic constituents. A title theme of “CS226. Operating Systems and 
Computer Networks” is interesting in this respect. In principle, it gives an opportunity to 
demonstrate commonality and specificity of methods of local and distributed resources 
management. These ideas are occasionally identified in the course notes, but they can hardly meet 
the content of the related units in full. The course “CS262. Information and Knowledge 
Management” has a greater potential. It combines separate topics (in databases, intelligence 
systems, telecommunication, graphics) in the context of information representation and processing. 
But still, this is not enough to confidently associate this set of courses with the compact manner of 
computer science. 

According to the curriculum, a systems approach was introduced to train students in designing 
high-quality computer systems. It is obvious that such a general guideline needs further 
clarification, but, as in the previous case, it has not been done, so the intention can only be inferred 
from the structure and content of the courses. Courses in algorithms and computer architecture 
common for all approaches go first in this group. One more course built in the traditional style of 
own units (i.e., refined from any system insinuations) is “CS240. Programming Language 
Translation”. There is also a course in operating systems and a course in intelligent systems, the 
same as in the traditional approach. The former is accompanied by the earlier mentioned CS226 
course with the partially same list of units, that take about 50 percent of the course time. A course in 
information management also has its counterpart in the traditional-approach nomenclature; these 
lists each contain seven identical IM units, including all core ones.  Some differences come from a 
number of elective units accentuating the subject matter of databases in the first case and the subject 
matter of information types and information handling in the second; a few core units in social topics 
have been added to the systems-approach course.   

In my view, only two courses can be distinguished from this set. One of them, “CS255. 
Computer Graphics”, incorporates the subject matters of geometric algorithms, human-computer 
interaction, computer graphics (seven full units), multimedia information and AP-interfaces. 
Requirements to students having passed the course indeed provide the professional level of system 
design. The course titled “CS.291 Software Development and Systems Programming” is equally 

IVTN-2008: /26.02.2008  d08_02_e.pdf      #21 



relevant in the context of this approach. This course aims to train students who have acquired 
programming skills during the introductory phase in designing large software systems. Notes 
contained in the course description provide comprehensive and convincing coverage of the issue, 
but judging by the unit content, it is nothing else but a course in software engineering with a focus 
on human-computer interaction, and the lack of representation  means in this two-color composition 
just the same causes concern.  

What is remarkable about the proposed implementation of a web-approach is that no other course 
except the universal CS221 is followed by notes that would explain its essence; thus a course 
characteristic by unit content is not a matter of choice here. What makes the situation even stranger 
is that the course content does not include CS226 which, according to the notes, “encourages 
students to think of the impact the web has on operating systems”. One of the possible reasons is the 
following. A little calculation shows that introduction of CS226 (together with an all-purpose 
mono-course in architecture, CS220) would entail the need for at least two more courses to cover 
the subject matters of OS and NC areas (which altogether makes four courses to cover OS, NC and 
AR topics).  Instead, two two-color courses were shaped, with a minor exception exhausting  AR 
and OS areas: one of them, “CS221. Architecture and Operating Systems”, does not deal with 
networking topics at all, and the other, “CS222. Architectures in Networks and Communication” 
incorporates a modest set of these topics within the AR area (only 5-6 hours out of 40 hours of the 
course time). A NC mono-course from the traditional-approach has been added as well. As a result, 
the version under discussion covers the same areas with three courses only. Such an exposition is a 
mere assumption, but I think they are quite natural in combinatorial structuring. 

The last set ends with a mono-course in human-computer interaction, a two-color course of IS 
and IM topics, a course in graphics from the systems-approach nomenclature and a non-commented 
combined course from the compressed-approach set. The reason why all this is regarded as 
implementation of the web-approach in computer science remains a mystery. 

 

5. Conclusion. View of the process 
In my opinion, the old definition that explicitly identified the originating discipline as  “study of 

computer and major phenomena that surround them” was sagacious and approached nearest to the 
essence of the academic process defined in the earlier curricula, including CC 2001. 

Despite the undeniable importance of all curriculum materials, for practicing teachers the 
recommended academic courses are of greatest interest: their structure and content largely 
determine to what extent the academic process fits into the current state of a subject area and 
prospects for its development. The established academic disciplines associated with creation and 
application of certain technologies are characterized by well developed theoretical foundation; 
recall Mary Shaw’s statement, “Engineering schools don't teach boiler design – they teach 
thermodynamics”. However, an insight into a series of curricula issued since 1968 implies that an 
all-time key problem of course composition was a specific character of Computer Science – an 
apparent gap between its theoretical component and description of multiple artifacts resulting from 
design work.  

The point is that incredibly fast evolution and implementation of computer technology in many 
instances would not require employing “theory rooted in mathematics and assuming steps of 
definition, theorem, proof, and interpretation results”, as is declared in CC 1991. Indeed, it is hard, 
for example, to argue the fact that chips are created using achievements of solid-state physics with 
its mathematical tools, but engineers build chip architecture on the basis of market incentives, 
analysis of analogues already implemented, experience gained from earlier projects and design 
findings proved by computer simulation.  There are not a few examples of this kind. We got 
accustomed to the fact that discrete mathematics, algorithm theory, automata theory, formal 
grammars and other standard theoretical attributes of Computer Science standing with modest 
dignity next to fundamental disciplines are not always central to generating computer artifacts that 
very rapidly pervade all spheres of life and bring a tremendous profit to their creators. 
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Honestly speaking, this did not create any serious problems anywhere except academic 
institutions with their binding tradition of establishing a solid theoretical foundation for concrete 
substance. Thus, due to a shortage of reasons for designing science-based curricula the stake was 
invariably placed on “cutting-across” ideas that were accepted and appropriate in the academic 
setting and should be used to unify artifacts within a single knowledge system. From the viewpoint 
of the course composition, these ideas turned out to be on the same structure level as theory, what 
gave an opportunity to use different combinations in the academic program: in the first curriculum 
theory was introduced in the introductory courses (and developed in the advanced ones), and the 
remaining courses were built around the trio “information structures –processing systems – 
processing methodology”; in the second curriculum programming was used as a paradigm and 
theoretical courses were shifted to the end of the undergraduate program. This provided 
methodological basis for the Task Forces creatively worked on their programs. In a very 
professional manner, they summarized ideas for and methods of teaching applied in academic 
institutions and suggested realistic solutions. The first two curricula were a well-deserved success.   

When the third curriculum, CC 1991, was designed, an attempt was made to propose that higher 
education should use a better, idealized form of Computing as an academic discipline; and, among 
other things, to affirm a cohesive sense of theory in main components of the discipline – definition, 
paradigms and subject matter. However, this intent had to be realized in a situation when speeding-
up of the technological progress sets a more earthly task before education – what exactly should be 
selected to cover all significant things happening in the subject area. In the long run, high ambitions 
in part shrank and in part resulted in noncommittal declarations.  In the absence of a solid principle 
of course design, the Task Force decided not to include course description in the basic text of 
curricula and to restrict themselves to introducing mandatory topics packaged in units. That 
“snapshot of the growth process” easily incorporated both traditional subject matter of Computer 
Science prevailing in local curricula and new domains of the subject area, which we relate to 
information technologies. A suggestion was made to use the produced material to shape a set of 
courses on a local level applying one’s own preferences, but by way of example, the Appendix 
provided unit combinations implementing a major set of approaches (cutting-across ideas) practiced 
by academic institutions. Some of them (including theoretical initiation) affirmed pedagogical 
priorities; others (compact programs for small colleges) were driven by necessity. Quality of these 
constructions has already been mentioned.  

Idealism was decidedly rejected in work on the last curriculum. It lacks generalizing definitions 
and paradigms, and academic introduction of the broadest subject area is brought in line with the 
established practice of teaching and institutions’ capabilities. Also, the subject matter of the 
academic program (snapshot) has been considerably extended, largely due to elective units. But 
retrieval of course descriptions at the request of practitioners, was declared to be the principal 
attribute. As in CC 1991 “implementations”, they were designed in the atmosphere of conceptual 
uncertainty, compelling to choose the best combinations of a theoretical block with “cutting-across” 
ideas that had increased in number over those ten years. So the only way to solve the problem 
without disagreements was to make recommendations accounting for all major versions virtually 
used by institutions. Much importance is attached to the fact that in order to increase efficiency 
different groups were charged with shaping subject matter and structure of courses. The first 
category groups were formed according to the number of subject areas identified for the whole 
discipline by the CC2001 Task Force and were staffed by specialists of the appropriate fields. With 
a very clear task set before them, they, as it is quite often the custom,  got down to work, sometimes 
forgetting to look back at specialists in related areas, and they handled their work professionally: the 
body of knowledge that includes topics (within units) recommended to be incorporated into the 
academic process can be a helpful reference point for teachers, indeed. However, the groups in 
charge of courses had to imitate “cutting-across” ideas, building courses from units designed 
without regard to such a prospect. It is likely that in the choice of working methods for CC 2001 
other implementation conditions were meant, for example, constant creative interaction among all 
participants, but it does not appear to have been reached. 
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While reading the last curriculum, I was under the impression that its development was duty-
dependent to a big extent; the impending obligation to meet the deadline for issuing a report that 
would suit everybody’s purposes. This may be regarded as decline. Going back to the old definition 
of the discipline, yet another assumption can be made that no academic standard  in terms of 
courses can be proposed now for Computer Science, the way it is. Interestingly, as early as work on 
CC 2001 was under way, Mary Shaw, who previously wrote criticism on certain reports in the 
series, said [13]: “The professional societies should refrain from dictating curricula. The evidence 
of the past 30 years is that creative, innovative curricula come from individual colleges and 
universities, not from large committees whose members have diverse and conflicting interests.” The 
excerpt strikes a note of caution, as there are merging scientific papers and organizing initiatives 
that are built around ideas motivated and pushed forward by the authority of CC 2001. And 
sometimes it happens that the foregoing facts remain overlooked, and it may turn out that people are 
not fully aware of them. I would consider my mission fulfilled, if this article in some way 
encouraged caution in assessing and decision-making.  

As far as the issue of “dictating curricula” is concerned, the following thing is worth 
emphasizing. After becoming acquainted with CC 2001 and its background, it came to me that it is 
high time for professional societies, indeed, to take a fresh look at traditions established in this field 
of activity. Nevertheless, this activity appears to involve very important functions that can only be 
performed by central organizations with their resources and authority. Unifying in their structure 
education, industry and  users, professional societies are able to provide unbiased and 
comprehensive evaluation of pedagogical innovations. It is easier for them to reliably compare the 
innovations with a general level of education, nationally attained at a certain point in time. In the 
context of these functions, they can gather and classify very helpful material, and recommend it for 
teaching purposes, including the type of material introduced in the last curriculum, for example, 
topics that in the elapsed time became relevant and/or evolved; courses adopted by universities or 
course fragments laying a sound theoretical basis for new artifacts and showing the conceptual link 
between organizationally independent technological trends and tendencies in their joint 
development. In short, anything that would facilitate further natural development of this discipline 
in a university setting. 
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