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Background: In the July-August 2012 issue of Software Practitioner, on page 6 at 
the end of the article “The Dark Side”, Robert L. Glass asks about readers' 
experience regarding how much of what they learned in university was useful. The 
context of his question is computing in general and software development in 
particular. Robert L. Glass, editor and publisher of Software Practitioner, studied 
mathematics and went into computing as a career. He is a coauthor of the book The 
Dark Side of Software Engineering. Johann Rost, the other coauthor of this book, 
studied computer science in a German university. His career path is not described 
in this issue of Software Practitioner, but appears also to be connected with 
computing and software. Both Robert L. Glass and Johann Rost report that only a 
small – too small – fraction of their university studies was useful in their 
subsequent professional careers. 

This opinion paper is a lengthy elaboration of my reaction to their comments and 
request. 

 
Introduction: Robert L. Glass asked about readers' experience regarding how much of what 
they learned in university was useful (see Background above and [1]). Here is an outline of 
my experience. It differs fundamentally from his and that of Johann Rost. 
  
My University Education: Beginning in 1954 I studied electrical engineering through the 
Bachelor's and the Master's degrees. Then I studied nuclear engineering for one year, but 
did not continue. Then I studied industrial management and received the Master's degree. I 
did not explicitly study mathematics, but math constituted a significant part of all of these 
three courses. Later, in Germany, I informally attended a few courses in mathematics, 
especially on probability theory. Still later, I received the "Doktor-Ingenieur" degree in 
Informatik (computing science) for my work on recasting some theoretical results into a form 
more practically applicable by software developers. 
 
During my undergraduate years only two courses in computing were offered. I took both. The 
first presented a brief history of computing in the USA from the 1940s, including punched 
card equipment, and then dealt mainly with programming the IBM 650 computer in machine 
language. The second course presented the coding of a compiler. The first course gave me 
a very useful basis for my later work in computing, but the second course did not. 
  
My Career: My career path started with obligatory service in the army in a computer 
installation. Subsequent stages in my career were in technical support in a sales subsidiary of 
a computer manufacturer, in a computer consultancy, in a management consultancy, as a self-
employed consultant, as a university professor, and in software research. Now I am retired. 
  
Summary of My Conclusions: While I cannot quantify the fraction of material I learned in 
universities that was useful to me later, I did find most of my university education to be useful 
and valuable in one way or another. Some of the things I learned in the university turned out 
to be useful in unexpected areas and ways. Some were useful only indirectly, but were 
nevertheless important. Below are outlines of a few specific examples of how material I 
learned was useful to me. A few other examples can be found in the sources cited at the end 
of this article. 
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Useful Material Learned: In electrical engineering we analyzed electrical circuits involving 
various combinations of a resistor, a capacitor and an inductance. The corresponding 
mathematical models were first and second order differential equations. We noticed that in 
physics and mechanical engineering courses, the same types of equations described the 
dynamic behaviour of combinations of a weight, a spring and a dash pot. This material was of 
direct use to me when, as a student engineer, I designed a circuit for a new transistorized 
calculator. Had my later career been in computer hardware design, that material would have 
been of regular use to me. 
  
Later, in nuclear engineering, the same kinds of equations arose again in connection with 
radioactive decay of an element and the dynamics of a combination of a radioactive element 
and its radioactive daughter element. In industrial management, the same types of differential 
equations arose still again in models of first and second order delays, e.g. in administrative 
processes. 
  
In one of my hobbies, scuba diving, these types of equations arise in common models of 
decompression after diving. A friend of mine and I used such equations as a basis for 
calculating decompression times after diving and before flying. Our table was published in a 
magazine for amateur divers. 
  
Mathematics is very pervasive. 
  
Useful Knowledge Needed, Then Learned: One summer during my electrical engineering 
studies I was given the task of designing relay circuitry for multiplying and dividing numbers 
in an electromechanical calculator. I spent the entire summer on the design task and 
completed it, probably successfully, but during that work, I realized that I didn't 
really understand adequately what I was doing and how to do it. While I believed that my 
design would work correctly, I was by no means convinced that it was optimum in any sense 
and I was disturbed by its less than systematic structure. I strongly suspected that there 
must be a better way of going about designing such circuitry, so in the next semester back at 
the university, I took a course entitled "Switching Circuits". In this course, circuits consisting 
of relay contacts were modelled with Boolean and, not and or functions, i.e. with "Boolean 
algebra". This course turned out to be my introduction to Boolean algebra and mathematical 
logic, and it paid off tremendously in later years in many ways I could not imagine when I 
finished the course. This mathematical knowledge was useful later for analyzing decision 
processes in my subsequent industrial management courses and in consulting assignments and 
for structuring computer programs. It was also a very useful basis for understanding proposed 
methods for proving the correctness of computer programs and in my own application and 
extension of that material. 
  
Useful Knowledge Learned before Needed: During that summer, my supervisor 
recommended to me that I take a course in probability and statistics. He had not, and from his 
experience had wished that he had. I followed his excellent advice and took several courses in 
probability, both during my electrical engineering studies and later. This knowledge was 
useful in inventory optimization, sales forecasting, and other projects. 
  
At some time during those years I learned about automata ("finite state machines" in more 
common engineering terminology). This concept also turned out to be much more widely 
applicable than I thought at the time. One of the many applications I used it for was in the 
control of the man-machine interaction in an inventory control system based on a batch 
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processing computer system. Specifying the human-computer interaction with a finite state 
machine clarified the process and greatly facilitated communication between the client and 
the developers in the early design stage. Several alternatives were discussed and one was 
selected for implementation. More or less straightforward programming of the various parts of 
the system probably would have led to chaos much later, when implementing already written 
software. Correcting the errors and discrepancies at that time would have been very difficult 
and time consuming and would certainly have delayed the project unexpectedly. A couple of 
years after implementation, the client decided to modify slightly the man-machine interaction 
logic. A minor change in one table implemented the change simply, quickly and correctly. 
Without the finite state machine approach, such a change would have been much 
more complicated. 
  
The concept of a finite state machine turned out to be useful in a number of other software 
design projects, one of which is described in reference [2] on p. 184-186. 
  
Entropy and the Second Law of Thermodynamics: One course I took on thermodynamics 
introduced me to entropy and the second law of thermodynamics. Certainly some of my 
fellow students – particularly chemical engineers and mechanical engineers who would later 
design engines involving heat – definitely needed this knowledge in their career, but I never 
did. It has been useful in a couple of other instances, though. Considerations arising from 
energy conservation and non-declining entropy (the second law of thermodynamics) lead to 
the fact that an air conditioner can move heat from a body at one temperature to a body at 
another temperature, but it cannot eliminate heat, i.e. it cannot only cool. If it cools one 
volume, it heats up another at least as much. Once at a computer conference, the weather was 
hot, so a portable air conditioner (connected externally only to an electrical outlet) was 
brought to the room, placed inside it, plugged in and turned on. The exhaust from the air 
conditioner was ejected back into the room in the immediate vicinity of the air conditioner. I 
tried to explain to the panting attendees that it would only make matters worse, not better, but 
my arguments fell on deaf brains. Even pointing to the type plate, clearly indicating that it 
takes electricity from the mains and therefore must emit, on balance, a corresponding amount 
of heat, did not convince them of their faulty expectations. So I moved to a window to the 
outside, and breathed in warm but reasonably fresh air. Others gathered around the air 
conditioner and breathed in increasingly warmer, stale air. 
 
Another advantage I have gained by knowing a little about entropy is that I can translate the 
typical gibberish about "renewable" energy (which we learned in an early physics course is a 
meaningless statement, because energy is always conserved, never created, never lost) into 
meaningful statements about the form and equivalent potential of the energy, i.e. entropy. 
  
Knowledge Useful Elsewhere: I never worked on nuclear reactor design, so one could say 
that my year studying nuclear engineering was 0% useful. In this course, however, a fair 
amount of time was spent developing and presenting a mathematical model of the neutron 
density and velocity in a reactor as a function of location and time. In earlier math courses I 
had learned about partial derivatives and some of their theoretical properties. In this nuclear 
engineering course, I learned how to formulate a mathematical model involving partial 
differential equations. Later, in a consulting assignment, I used this knowledge in developing 
and solving a mathematical model for optimizing inventory control in a company 
manufacturing metal products. The savings realized by the client were substantial. Thus, my 
year studying nuclear engineering was indirectly but substantially of use in my later 
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management consulting work, which included specifying a computer program to calculate 
parameters for reordering inventory. 
  
I could continue with still many more examples, but they all follow pretty much the above 
pattern: Knowledge gained in one context is often applicable in other contexts. This is 
especially true of mathematical topics. 
  
Usefulness of the Curriculum: When considering the usefulness of course X at a university, 
one should keep the following observations in mind. 
  
The primary benefit of a university degree program – any university degree program – is that 
one learns how to learn. A university course shows one how to learn using a specific subject 
area as an example. The subject area itself is of secondary consequence. If it is a subject one 
follows in a subsequent career, fine, but if not, the time is far from wasted. In either case, the 
student will have learned how to learn anything else he or she wants or needs to learn later. 
  
Probably the most important criteria for choosing a major course at a university is how 
interested in the subject one is. The more interested one is in it, the more and the better one 
will learn how to learn. 
  
A particular university degree program attempts to prepare its students for a career in a 
defined but broad subject area. Any one student will later work in only few parts of that broad 
subject area, but different graduates will follow different career paths in which different 
things learned will be most useful. The curriculum must offer all graduates something 
significant, but because of the variation of careers in that field, a single curriculum will not be 
able to offer precisely what any one career path requires and nothing else. Even if every 
student later feels that only x% of the material was useful, that x% is very likely quite 
different for the different students. Even if the x% is low, that in itself does not imply that the 
curriculum is badly designed. Each thing offered can be very useful to some, even when not 
useful to all. In addition, one must consider indirect benefits of the material learned, not just 
its actual, direct applicability to any one career path. 
  
One must be careful not to overlook another effect: Material learned in the university but not 
needed in one’s own particular specialty can facilitate communicating with others whose 
specialties do require the knowledge in question. Largely for this reason, all engineers are 
required to learn certain basic knowledge before specializing in their specific fields. Without 
such general knowledge, chemical engineers and electrical engineers, for example, would find 
it difficult to communicate with each other and to work together effectively on projects. 
Similarly, software developers working on systems in chemical plants will find their work 
much easier and more effective if they have at least a passive understanding of, for example, 
some chemistry and thermodynamics. Software developers with no knowledge of differential 
equations working on space vehicle systems or flight simulators will find it difficult to work 
effectively with other members of a project team. 
 
Another difficulty in planning a curriculum a priori and in judging the value of one a 
posteriori is that each student studies for a few years and then goes on to spend a much, 
much longer time in a career path. Neither the curriculum designers nor the individual student 
can predict what career path will be taken by whom. Neither can they accurately predict how 
technological developments will affect the needs of a person in any particular career path over 
time. For example, the designers of my electrical engineering curriculum could not imagine 
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that my career path would take the course it did. Neither could – nor did – I, even shortly after 
graduation. When I studied electrical engineering, computers were in a fairly early stage of 
development. The professional knowledge that would be needed 20 or 30 years later was not 
really clear to anyone. In my opinion, the designers of my electrical engineering curriculum 
did a rather good job in terms of preparing me, but even if that were not the case, I could 
not reasonably accuse them of having done a bad job. 
  
Ways of Thinking and Reasoning: In my observation, two significantly different ways of 
thinking and reasoning are presented in university courses. These correspond to C.P. Snow’s 
“two cultures”, sciences and humanities [4]. One way of thinking and reasoning is 
characterized by the sciences, engineering and, especially, mathematics. The other way is 
characterized by history, philosophy, languages, business and management studies, and the 
like. Ideally, one should be exposed to both types of subjects and their two different ways of 
thinking. 
 
Primary Orientation: An orthogonal dichotomy can be identified in this connection that 
distinguishes between categories of courses of study on the basis of the nature of their primary 
orientation (not subject content). The two categories can be characterized differentially very 
roughly by the pairs of descriptors and goals 

• theoretical vs. practical, 
 

 
 

 
 

• conceptual vs. application,
• abstract vs. concrete,
• general vs. specific,
• understanding vs. manipulating, and
• explaining vs. describing.

Again in the case of this distinction, it is advantageous that the student takes courses 
characterized by both types of orientation. In the case of engineering, this is achieved by 
including science and mathematics courses in the curriculum. 
 
Out of these two distinctions – based on ways of thinking and on orientation – four categories 
of types of university courses emerge. Some examples of university degree programs and 
their categories are shown in the table below. 

  Ways of Thinking 
  precise 

avoiding ambiguity
imprecise 

including ambiguity 

Orientation 

theoretical 
conceptual 
abstract 
general 
understanding
explaining 

natural sciences 
mathematics 

humanities 
history 
philosophy 
languages 
(some social sciences) 

practical 
application 
concrete 
specific 
manipulating 
describing 

engineering business 
management 
(some social sciences) 

The reader should contemplate where computing science fits into the above table. Do 
computing science degree programs at different universities belong in one and the same cell 
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or in different cells in the above table? Where do degree programs not explicitly listed in the 
above table belong, e.g. law, medicine, psychology, etc.? 
 
The above table indicates that each of the “two cultures” identified by C. P. Snow [4] can be 
further divided into two subcultures, for a total of four cultures. The truly educated person 
will be fully aware of and well indoctrinated into all four, not just two. 
 
What vs. How of Teaching: From the extreme differences between my assessment of the 
usefulness of my education on the one hand and Robert L. Glass’s and Johann Rost’s 
assessments of the usefulness of theirs on the other, I cannot help but think that the problem 
lies not in what is taught and learned, but how. In both engineering and business management 
courses, the primary goal is the application of the theoretical material covered. Most 
examples and problems to be solved in exercises and on examinations deal with real problems 
and applying the theoretical material to them. Application is the goal; theory is a means to that 
goal. Sometimes, in fact, the application problem was the starting point, for which relevant 
mathematical material was sought and identified. In courses in pure mathematics and, in my 
observation, also often in computing science, just the opposite is the case. Theory is the 
starting point. Application, if covered at all, is given second priority. 
 
As a result, my engineering and business management oriented education showed me how to 
apply essentially every mathematical topic covered. Other mathematical topics were simply 
not covered unless, of course, they were among the many prerequisites for mathematical 
topics of the applied type. The students of pure mathematics and, too often, of computing 
science, are not shown how to apply the theoretical material presented – or even that and 
where it can be applied in practice. 
 
Conclusion: It is appropriate to question the suitability of any particular curriculum and to try 
continually to make it more useful to current and future students, but estimates after the fact 
of the fraction of material directly useful in any one person's career path give an incomplete 
and biased picture pertinent more to the past than to the future. They constitute at best only a 
small part of the data that should be reasonably considered. The indirect usefulness of the 
material learned is also important and should be explicitly considered. 
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