Introducing Philosophy into the CS curriculum

(Philosophy and Computer Science are Strange Bedfellows”)

Nicholas Ourusoff

New Mexicos State University


Las Cruces, NM 88003

nourusof@crl.nmsu.edu    http://crl.nmsu.edu/~nourusof

"Every good mathematician is at least half a philosopher and every good philosopher is at 

least half a mathematician."  (Gottlob Frege)

Abstract


An introductory study of philosophy fosters thinking skills and introduces concepts and arguments that are relevant to computer science.  It is argued that vis-a-vis computer science, philosophy is useful; relevant; addresses problems common to both disciplines; has a long computing tradition; provides a broad perspective for addressing ethical and sociological questions of computing; and finally, it is argued that it is feasible to introduce a course in philosophy into the computer science curriculum.


The essay ends with a short, philosophical discussion about computer science,and conludes that computer science has introduced a new, algorithmic, information-theoretic view of Nature--and this new Weltanschauung is the essence of the "computer revolution".

1.   Autobiographical remarks


In proposing that computer scientists become acquainted with philosophy, I confess to a bias:  despite having spent most of my life as a practicing programmer-analyst, student and teacher of computer and information science, I am a philosopher at heart.  I chose to major in philosophy as an undergraduate, a decision influenced by a number of factors--personal friendship with a deeply thoughtful and religious high-school friend; a freshman course in Western philosophy that was enhanced by long evening discussions with a college roommate; and by the fact that while digging for Indian relics on the Kansas plains during the summer following my first exposure to philosophy, I found myself thinking about Hume's analysis of causality.  During my tenure as a teacher of computer science, I found myself emphasizing its fundamental hypotheses and methods and its interconnections with philosophy and the life sciences.  After a 35-year absence--motivated by my ambivalence towards philosophy that echoes Erasmus' statement that "philosophy is an old man that stinks of Greece"--I am again confronting philosophical problems explicitly as a graduate student in philosophy, computer science and cognitive psychology. 

2.   Recent Relations between Philosophy and Computer Science


That philosophy and computer science have issues that are the concern of both fields is supported by the active and sometimes adversarial dialogue between them since 1956, when the field of artificial intelligence (AI) was formally initiated.
  Some of the claims of early AI were exaggerated and unfounded and were attacked by philosophers.
  Researchers in AI have addressed these issues, admitting that difficulties had been underestimated, and have toned down the rhetoric and let their research speak for itself.  Others have confronted the arguments of philosophers (Dreyfus,Searle, Putnam, etc.) and counterattacked--these researchers point out that philosophers have often not been well informed about the principles and methods of AI; and have defended the proposition that machines not only can simulate human reasoning but can think--the so-called GOFAI position of AI.  


At Dartmouth College during the Spring of 1994, a philosopher, physicist (William Penrose) and an AI-psychologist (Daniel Dennett) debated the proposition that machines can think.  The fact that such debates excite the interest of youthful minds--the audience for above-mentioned debate exceeded the capacity of the auditorium and the debate was broadcast to an overflow crowd in a supplementary room--attests to the fact that the philosophical   debate is of enormous interest.


I do not intend to review the arguments that have been made for and against whether human reason can be simulated or whether computers can think.  Rather, I argue that computer science should be informed of he Western philosophical tradition.  Similar remarks can be made to philosophers: they should be informed about computer science.  However, since my subject is from the perspective of and identification with computer science education, I emphasize the responsibility of computer science to be informed of its philosophical heritage.

3.  Structure of the Argument


A course in philosophy should be included in the computer science curriculum for the reasons given below.

(i)  Usefulness of thinking skills fostered by philosophy to information industries.

     The study of philosophy fosters skills that are useful in the workplace for professionals in computer and information science.

Some of these skills and their analogs in the computing professions are given below::

•
Systematic thinking: Integrated systems


Philosophers try to look at all sides of a problem, some systematizing their thinking into a unified system.  This tendency to look at the whole (holistic thinking) is echoed in the systems approach in information science, for example, in building an integrated information system.

•
Abstract thinking:  Abstract ion in programming language design


Philosophers attempt to think abstractly.  Computer science reflects a trend towards abstraction in many areas.  For example, the history of programming language design illustrates the tendency towards abstraction--abstract control structures, abstract data types, procedural abstraction, and the combining of data and procedural abstractions into an object class hierarchy.

•
Speculative thinking: Conceptual design


Some philosophical thinking is speculative.  Speculative thinking plays a role in the conceptual design of information systems--initially the boundary conditions of an information system needs to encompass the broadest definition possible and this can only be explored by imagining all sorts of hypothetical problems and relationships.  Later, the conceptual design is whittled down into a slimmer, more cost-effective version.

•
Logical thinking: Programming


Philosophy is most directly concerned with reasoning and with sound argument, and has contributed to the development of the symbolic logics used in computer science.  The design of information systems and programs both express logical rules and logical reasoning.

•
Articulation of argument: Proofs


Philosophers present arguments to support or refute a position.  Computer science uses the more formal methods of mathematical proof to support or refute a position.  The two are closely related.


The workplace demand for the thinking skills used in philosophy is illustrated by the staffing of knowledge engineering, expert systems, large AI systems, and information systems modeling projects with persons trained in philosophy.  An example is the famous CYC project.  In 1994, its full-time staff consisted of people whose primary training was in the following fields:

          Computer Science  
8 1/2 

          Philosophy 

4 

          Linguistics 

3 1/2 

          Symbolic Systems 
2  

          Mathematics 

2 

          Other disciplines
4


Finally, there are two traits of philosophers that are especially valuable:

•
Persistence in asking clarifying questions

•
Persistence in striving for an integrated account of the state of affairs


Computer scientists practice both of these traits.  For example, we don't design an information system until we have clarified questions of definition and use that enable us to arrive at a clear specification.  And a specification isn't complete until it addresses every type of failure.

 (ii) Relevance of philosophy to contemporary computer science research


Is philosophy dead?  


The argument goes that philosophy has yielded progressively more and more ground to the various sciences, until it really has nothing more to do but to gracefully withdraw and leave matters to the specialists--scientists.  Many regard philosophy as a kind of "pain in the neck"--ironically, the same way that the sophists in Athens regarded Socrates--he was a gadfly.


Is there really nothing left for philosophy to do?


Philosophy, far from being 'dead', is relevant to the contemporary computer science.  Let's examine some of the evidence:

•
The foundations of contemporary AI are based on philosophical investigations.

1.  Frege:  Predicate logic

     Wittgenstein:  "state(s) of affairs"

2.   Analysis of language and logic

     Frege, Wittgenstein, Russell, Strawson, Austen, Grice,      

          Searle, Putnam, Kripke, Searle, etc. 

•
Philosophy is relevant to cognitive science


The interdisciplinary field of cognitive science includes computer science (AI), cognitive psychology, neuroscience, linguistics, philosophy, and some would say, cultural anthropology.  The training of cognitive scientists interviewed in  "Speaking Minds:  Interviews with 20 Eminent Cognitive Scientists" (1995), is shown below:

          8 philosophers 

          4 psychologists 

          2 computer scientists 

          1 neurobiologist 

          1 linguist 

          1 electrical engineer

          (3 had training in multiple disciplines

(iii) Domain overlap between philosophy and computer science

     Computer science and philosophy are closely related.

1.   Similarities

(i)  Computer science is hard.  

     Philosophy, too.

(ii) Problem-solving

     Computer scientists try to find problem formulations that are tractable.

     Philosophers try to formulate questions that are amenable to some kind of resolution.

(iii) Primacy of structure

     Philosophy is interested in structure of:

          argument

          language

          science

     Computer science is interested in structure of

          proof

          programs

          systems

     After fifty years of initial and intensive growth, computer science is dealing with abstractions head-on; 

     Computer science can benefit from distinctions that philosophers have made.

2.   Domain overlap

Subareas of philosophy overlap with computer science.

1.   Ontology:

     Philosophy:  

          What is real?

               Platonism (existence of abstract objects)

               Empiricism

          Where do ideas come from?  

          How are they structured?  (Cognitive science)

     Computer Science: 

          What objects do we model?  

          What is their behavior over time?

2.   Epistemology:  

     Philosophy:  

          What is knowable?  

          How do we classify knowledge?

          How do we justify knowledge? belief?

     Computer Science: 

          What is computable? 

          How can we represent knowledge? beliefs?     

          What is the relation between the   

          knowable and the computable?

3.   Logic  

     Philosophy:

          What are the laws of thought?

     Computer science:

          How can we simulate reasoning?

4.   Ethics:

     Philosophy:  

          What is the ground of morality?  

          How does one lead a good life? 

     Computer Science:  

          How do we engineer safe (e.g., correct)  

          programs?      

          To what uses ought we put computers and      

          information?

An Example of Domain Similarity

"...Part of the problem is that these systems have not made the distinction between factual and evaluative belief.  Factual beliefs are evaluated in terms of truth, and evaluative beliefs are evaluated in terms of’ good' and 'bad'...The content of a belief is a constituent conceptual object that the belief is about, such as a plan or a future state of affairs.  The strength of a belief is the degree on either the factual or evaluative scale with which the believer holds the belief..."

"...There are two types of values: (1) preservation values, and (2) achievement values...  Preservation values are positive evaluative beliefs about having and keeping something..." (From an AI research paper!)

Comment:  With the widespread introduction of robots interacting socially with humans, modeling of human psychology will become necessary.

(iv) Philosophers are interested in and have contributed to computing

     Philosophers, mathematicians/computer scientists share similar interests.

Argument:  Many philosophers are mathematicians (and vice versa)

"Every good mathematician is at least half a philosopher and every good philosopher is at least half a mathematician."  (Gottlob Frege)

Plato, Descartes, Leibniz, Frege

Leibniz:  The "Grandfather" of computer science?

     integral and differential calculus

     calculator that could multiply

     premier logician of his time:

               Leibniz' Law

               Possible worlds 

     foundations of arithmetic

               generated natural numbers using 0,1 and succ

     idea of solving disputes through computation by encoding human knowledge and using a logical calculus

(v)  Need for a philosophical/sociological perspective on the impact of computing on culture

     In order to be socially responsible, computer scientists need a philosophical (as opposed to simply an engineering) perspective. The future (side) effects of introducing computing

technology are far from being understood, but they will likely result in profound transformations. 

Statement 1:   

     As thinking, responsible citizens of planet Earth, we need to be aware of the effects of our actions.  In order to appreciate the implications of computers on culture -- how we create, how we do research, how we live, how we think -- a philosophical perspective is

important.

Statement 2:

     We must associate computer science -- algorithmic thinking -- with age-old problem-solving strategies for human culture.  Many texts in secondary schools, community colleges and business schools focus entirely on the post-World War II era with the main focus on Silicon Valley and MicroSoft.

(vi) the feasibility of introducing such a course.

     Making room in the curriculum for philosophy.

Analogy:  In 1960s, numerical analysis gave way to

discrete mathematics.

     What can give way?  (1 less course in programming

languages or machine architecture or analysis of

algorithms or ...)

Some options:

(1)  A general introductory course in philosophy

(2)  Philosophy of Mathematics

     Philosophy of Language

     Philosophy of Mind

(3)  A course in Philosophy of Computer Science

(4)  Honors program in Computer Science and Philosophy

(5) Philosophy/computer science or computer  

science/philosophy

]II.  Some Questions in the Philosophy of Computer Science

1.   Foundations of computer science

(a) What is the structure of computer science?

What is the relationship between?   

(i) Turing Hypothesis

(ii) Physical Symbol System Hypothesis

     Comment: What is a theory for connectionism?

(iii) Structure Theorem of Programming

(iv) Digital modeling (simulation) 

(b) What is the impact on scientific method?

Turing hypothesis:   

(i) If f is computable, we can design a TM to compute

     f.

Informal meaning:  If we understand a process, we can

simulate it.

(ii) To compute f means to design a TM that computes f

(equivalence)

If we can design a TM to approximate f, is f

computable?

Translation:  If we can model a process on a computer,

do we 'understand' the process?

Not necessarily.  But tinkering with digital models and

obtaining results is now a source of scientific

innovation.

                             Digital Modeling

Turing hypothesis + Structure theorem of programming

     -->  Entity modeling

(i) Turing hypothesis

     If f is computable, f can be programmed

(ii) Structure theorem of programming:

     If f can be programmed, it can be represented in

terms of sequence, selection and iteration

(iii) Entity modeling

     The objects denoted by variables in a program p

denote objects in the world. 

     Any process can be modeled as an entity structure

that expresses the entity's behavior over time in terms

of sequence, selection and iteration. (Michael Jackson: 

"Systems Development Method" 1984)

     A information system has the structure of a network

of processes.

Comment 1:  Object-based means modeling a problem in

terms of objects and their behavior.

Comment 2:  O-O is well-rooted:

     (i) theory of memory (AI)

     (ii) process modeling (Jackson)

     (ii) encapsulation (software engineering)

2.   Algorithmic View of Nature  (weltanschauung)

(a)     Thesis:  Computer science offers a (new) algorithmic,

information-theoretic view of Nature

     Newtonian view:  mechanically-based (clock)

     Einsteinian view: energy

     Computer science:  information, algorithmic  

          processes

     Evidence from genetics, psychology

(b)     Thesis:  There is correspondence between program

structure and features of external world

     sequence = time

     selection = finite possibility

     iteration = inertia 

          (tendency to remain in the same state;

          analogous to constant velocity)
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�"Artificial Intelligence: A Modern Approach" by Stuart J. Russell and Peter Norvig.  Prentice Hall, 1995. p. 3


� For example, Hubert Dreyfus' book, "What Computers Can't Do: A Critique of Artificial Reason (1972)"  
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