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SIMON: DESIGN AS A PROBLEM-SOLVING ACTIVITY
Willemien Visser

Abstract
In this paper, we present Simon’s approach to design, as we have described it in The Cognitive Artifacts of Designing
(2006): Simon considers the sciences of design as sciences in their own right. He sees them as distinct from natural
science, which is traditionally considered as “the” “science”. “Artificial” indeed refers to human-made as opposed to
natural. For Simon, our modern world is much more an artificial, that is, a human-made, than a natural world. Together
with various colleagues, Newell and Simon also used the approach to explore broader domains than the one analyzed in
their famous Human Problem Solving (1972). They used it for their research into concept formation, verbal learning,
and perception, but also administrative and organizational behavior, creativity and scientific discovery, and even music
and emotion. It was Simon who applied to design the paradigm developed with Newell. In his analyses, he identified
and elaborated various characteristics of this specific problem solving activity that have formed the basis of the approach adopted toward design by many researchers in cognitive psychology and ergonomics conducting research on
design since the early 1980s.
Simon: Design as a Problem-Solving Activity
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This first chapter presents Simon's approach to design.
Simon's Framework for Design: The Sciences of the Artificial
Simon's bibliography comprises nearly 1,000 titles, among which are some 700 papers published in journals in domains
ranging from public management to the axiomatization of physical theories (Bibliography of Herbert A. Simon. He
published only some 10 papers directly concerned with design (Cagan, Kotovsky, & Simon, 2001; Kim, Javier-Lerch,
& Simon, 1995; Simon, 1969/1996, 1971/1975, 1973/1984, 1977b, 1980, 1987/1995, 1997). The number amounts to
some 20 if one also includes publications dealing mostly with organizational design, but that do not handle with cognitive aspects.
2

The Sciences of the Artificial (Simon, 1969/1996) is, however, one of Simon's seminal works and one of the definitely
fundamental references exploited in cognitive analyses of design. The "sciences of design" are the core of these "sciences of the artificial" (or "artificial sciences," e.g., engineering, computer science, medicine, business, architecture,
painting, the human and social sciences). Even if only two chapters of the book are dedicated specifically to the nature
of design, this is the central issue of the entire book. Together with the paper on "The Structure of Ill-Structured Problems" (1973/1984), these are Simon's central publications in his work on design. [...]
One may notice that "sciences of the artificial" may be a more appropriate appellation than "artificial sciences," which
may also refer to the domains of artificial intelligence and artificial life [...].
The Sciences of the Artificial went into three, each time revised, editions. Its first, the 1969 edition, [....] introduced the
chapter "The Science of Design: Creating the Artificial." [....][The 1981 version] introduced a second chapter specifically on design, namely "Social Planning: Designing the Evolving Artifact." Taken together, the conclusions of the two
design chapters constitute the main lines of a curriculum for design education formulated by Simon. In 1996, the third
edition introduced a new chapter on complexity, "Alternative Views of Complexity." [....] In his analysis of Simon's
work, Carroll (2006) [...] notices an evolution in the nature of the new chapters. The addition of the chapter "Social
Planning: Designing the Evolving Artifact" translates for him Simon "considering design as a social activity in several
different senses" (p. 5).
In the present chapter, the page numbers for quotations from The Sciences of the Artificial come from the third printing
of the third edition of the book (Simon, 1969/1996).
From the first edition on, Simon considers the sciences of design as sciences in their own right. He sees them as distinct
from natural science, which is traditionally considered as "the" "science." Yet, in a lecture given in 1987 (not included
in The Sciences of the Artificial), Simon proposes to "compromise" on a perhaps less "pretentious" qualification, as he
calls it, speaking of "the art and science of design" (Simon, 1987/1995, p. 245). As Simon writes in the chapter titled
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This paper is entirely composed by quotes from our book The cognitive artifacts of designing (2006). Mahwah, NJ: Lawrence Erlbaum Associates
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The 1st edition of Simon's book (Simon, 1969) has been translated in French by Le Moigne in 1974 (Simon, 1969/1974) and exists
now in a peperback version (Simon, 1996/2004).

"The Science of Design: Creating the Artificial" (in which engineering design is the reference), "historically and traditionally, it has been the task of the science disciplines to teach about natural things: How they are and how they work. It
has been the task of engineering schools to teach about artificial things: How to make artifacts that have desired properties and how to design" (Simon, 1969/1996, p. 111). Natural science is concerned with the necessary, with how things
are, whereas design is concerned with the contingent, with how things might be (Simon, 1969/1996, p. xii)—or ought to
be.
Designers are "concerned with how things ought to be . . . in order to attain goals and to function" (Simon, 1969/1996,
pp. 4-5). Simon's thesis is indeed that "certain phenomena are 'artificial' in a very specific sense: They are as they are
only because of a system's being molded, by goals or purposes, to the environment in which it lives" (Simon,
1969/1996, p. xi). That is why symbol systems (or "information processing systems") are "almost the quintessential
artifacts[:] Adaptivity to an environment is their whole raison d'être" (Simon, 1969/1996, p. 22). "Artificial" indeed
refers to human-made as opposed to natural. For Simon, our modern world is much more an artificial, that is, a humanmade, than a natural world.
SIMON'S ELABORATION OF AN SIP DESIGN THEORY
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Two steps can be distinguished in Simon's elaboration of a cognitive design theory. The first one was taken together
with Newell, to whom Sciences of the Artificial is being dedicated "in memory of a friendship." Jointly, the two researchers extended what has since been called the principles underlying the "symbolic information processing" approach to problem solving (Newell & Simon, 1972)—or abridged the "symbolic processing" (Greeno & Moore, 1993,
pp. 57-58), "symbolic" (Vera & Simon, 1993, p. 10), or "information-processing" approach (Simon, 1978, p. 272), here
abridged as the SIP approach. It is also frequently referred to—often by authors adopting a different approach—as the
"rational problem-solving" (Dorst, 1997), "traditional," or "computational" view.
The SIP approach has been one of the main starting points of the "cognitivistic" perspective in cognitive science. In the
early years of cognitive psychology, many authors embraced this paradigm as the fundamental schema for their investigation of cognitive activities. For some 20 years, it has been the theoretical reference for the cognitive analysis, not only
of problem solving (Miller, Galanter, & Pribram, 1960; Reitman, 1965), but also of other types of activities: Concept
learning (Bruner, Goodnow, & Austin, 1956), and verbal understanding and memory (Anderson, 1976, 1983; Le Ny,
1979, 1989a, 1989b). Together with various colleagues, Newell and Simon also used the approach to explore broader
domains than the one analyzed in their famous Human Problem Solving (1972). They used it for their research into
concept formation, verbal learning, and perception, but also administrative and organizational behavior, creativity and
scientific discovery, and even music and emotion (for references, see Newell & Simon, 1972, p. 791, Note 1).
It was Simon alone—namely without Newell—who, subsequently, applied this paradigm to design (Simon, 1969/1996,
1971/1975, 1973/1984, 1987/1995). In these analyses of design, Simon identified and elaborated various characteristics
of this specific problem-solving activity that have formed, for some 10 to 15 years, the basis of the approach adopted
toward design by many, if not most, researchers in cognitive psychology and cognitive ergonomics who have been
conducting research on design since the early 1980s.
With one exception (Okada & Simon, 1997), as far as we know, Simon was only concerned with individually conducted
problem solving. This does not mean that he was a researcher who especially underestimated the importance of collective problem solving. In the 1960s and 1970s, few psychologists dealt with collectively conducted activities, analyzed
from a cognitive viewpoint—there was, of course, research in social psychology, but these studies did not deal with
cognitive aspects of problem solving.
Notice that the general reference for problem solving, the SIP model, was presented in 1972 (Newell & Simon, 1972),
whereas the first edition of Sciences of the Artificial had already been published in 1969.
SIMON'S ANALYTICAL APPROACH TO DESIGN
Contrary to Simon's elaboration of a general theory of problem solving, which was based on experimental research, his
work on design was analytical. With one or two exceptions (Kim et al., 1995), Simon indeed has not been involved in
any empirical studies on design. This observation holds for "design" in a strict sense—such as Simon gave to the term.
From the end of the 1950s on, Simon realized, in collaboration with various colleagues, a considerable body of research
on scientific discovery, leading to two books (Langley, Simon, Bradshaw, & Zytkow, 1987; Simon, 1977a) and more
than 40 papers (Cagan et al., 2001; Klahr & Simon, 2001; Kulkarni & Simon, 1988; Okada & Simon, 1997; Qin &
Simon, 1990; Simon, 1977a, 1992a, 1992b, 2001). Even if in our view, scientific discovery is based on the same cognitive activities and operations (and, of course, cognitive processes) as implemented in design, Simon nearly establishes
no link with design (see, however, Cagan et al., 2001 [...).
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"SIP" is the abbreviation for "symbolic information processing," the approach adopted by Simon (1969/1996) for analyzing design.
This approach was originally developed by Newell and Simon for problem solving.

RECEPTION OF SIMON'S DESIGN FRAMEWORK
In 1964, Reitman adopted a representation for problem solving that could be formalized using the IPL-V information4
processing language elaborated by Newell, Shaw, Simon, and other colleagues in the 1960s . Reitman applied this
problem-solving schema to the solving of what he qualified as "ill-defined" problems [...] .
5

The architect Eastman (1969) was one of the first researchers to adopt the SIP framework for the analysis of design. He
did so in what was at the time a particularly original study in the domain of empirical design research. He analyzed a
protocol collected in a laboratory study concerning an architectural problem. Even if the problem was rather simple, his
protocol study constitutes a reference in the domains of empirical studies of design, on the one hand, and of ill-defined
problems, on the other.
There are also many authors who globally adopt Simon's framework, but propose more or less profound complements
or modifications (Akin, 1986a, 1986b; Baykan, 1996; Goel, 1994; Goel & Pirolli, 1992; Hamel, 1995; Lebahar, 1983).
Simon's ideas continue to be "a dominant force within the field," as noted by Roozenburg and Dorst (1999), who illustrate their claim by an analysis of the papers presented at the two first Design Thinking Research Symposia (DTRS)
organized in Delft in 1992 and 1994 (Cross, Christiaans, & Dorst, 1996; Cross, Dorst, & Roozenburg, 1992). They
observe that "Simon was referred to more than anyone else: 31 direct references and goodness knows how many indirect ones in 32 papers" (p. 34, Note 3).
An explanatory hypothesis, which we have detailed in an analysis of 15 empirical design studies (Visser, 1994), is that
the adoption by cognitive design researchers of rather strict SIP positions may be due to their data collection having
been carried out in a laboratory or otherwise restricted context. An example is Goel (1995, p. 114) who observes and
describes a quite orderly organization of the design process in different, consecutive stages. It should be noticed, however, that he has developed an innovative view with respect to a fundamental issue in cognitive modeling, that is, the
status of representations. He did so around the notion of "sketch" [...].
From the end of the 1970s on, authors from various disciplines—psychology, sociology, ethnology, and anthropology—have been proposing other paradigms to the cognitive study of design (Bucciarelli, 1984, 1988; Rittel, 1972/1984,
1973/1984; Schön, 1983, 1988, 1992).
References
Akin, Ö. (1986a). A formalism for problem restructuring and resolution in design. Environment and Planning B: Planning and Design, 13, 223-232.
Akin, Ö. (1986b). Psychology of architectural design. London: Pion.
Anderson, J. R. (1976). Language, memory, and thought. Hillsdale, NJ: Lawrence Erlbaum Associates.
Anderson, J. R. (1983). The architecture of cognition. Cambridge, MA: Harvard University Press.
Baykan, C. A. (1996). Design strategies. In N. Cross, H. Christiaans & K. Dorst (Eds.), Analysing design activity (pp.
133–150). Chichester, England: Wiley.
Bibliography of Herbert A. Simon. Retrieved October 12, 2005, from
http://www.psy.cmu.edu/psy/faculty/hsimon/HSBib-1930-1950.html,
http://www.psy.cmu.edu/psy/faculty/hsimon/HSBib-1960.html,
http://www.psy.cmu.edu/psy/faculty/hsimon/HSBib-1970.html,
http://www.psy.cmu.edu/psy/faculty/hsimon/HSBib-1980.html,
http://www.psy.cmu.edu/psy/faculty/hsimon/HSBib-1990.html,
http://www.psy.cmu.edu/psy/faculty/hsimon/HSBib-2000.html
Bruner, J. S., Goodnow, J. J., & Austin, G. A. (1956). A study of thinking. New York: Wiley.
Bucciarelli, L. (1984). Reflective practice in engineering design. Design Studies, 5(3), 185–190.
Bucciarelli, L. (1988). An ethnographic perspective on engineering design. Design Studies, 9(3), 159–168.
Cagan, J., Kotovsky, K., & Simon, H. A. (2001). Scientific discovery and inventive engineering design: Cognitive and
computational similarities. In E. K. Antonsson & J. Cagan (Eds.), Formal engineering design synthesis (pp. 442465). Cambridge, England: Cambridge University Press.
Carroll, J. M. (2006). Dimensions of participation in Simon's design. Design Issues, 22(2), 3-18.
Cross, N., Christiaans, H., & Dorst, K. (Eds.). (1996). Analysing design activity. Chichester, England: Wiley.

4

IPL (information-processing language) was the first list-processing computer language.
Adopting a slightly different position than that of Simon, we consider a “problem” to be “ill-defined” (“ill-structured” for Simon,
1973/1984) when the three components that one classically distinguishes in a problem —its initial state, its final state and the operators for moving from one to the other —are not defined in an explicit and exhaustive manner. For a design “problem”, this means
that, habitually, the specifications of the design project —its final state— specify the artifact at quite an abstract level, by its function
and/or by certain constraints, while the initial state and the operations are almost always underspecified.
5

Cross, N., Dorst, K., & Roozenburg, N. F. M. (Eds.). (1992). Research in design thinking. Delft, The Netherlands: Delft
University Press.
Dorst, K. (1997). Describing design. A comparison of paradigms. Unpublished doctoral dissertation, Technische Universiteit Delft [University of Technology], Delft, The Netherlands.
Eastman, C. (1969). Cognitive processes and ill-defined problems: A case study of design. In D. Walker & L. M. Norton (Eds.), IJCAI'69, International Joint Conference on Artificial Intelligence (pp. 669-690). San Mateo, CA:
Kaufmann.
Goel, V. (1994). A comparison of design and nondesign problem spaces. Artificial Intelligence in Engineering, 9, 5372.
Goel, V. (1995). Sketches of thought. Cambridge, MA: MIT Press.
Goel, V., & Pirolli, P. (1992). The structure of design problem spaces. Cognitive Science, 16, 395-429.
Greeno, J. G., & Moore, J. L. (1993). Situativity and symbols: Response to Vera and Simon. Cognitive Science, 17(1),
49-60.
Hamel, R. (1995). Psychology and design research. Retrieved October 12, 2005, from
http://www.designresearch.nl/PDF/DRN1995_Hamel.pdf
Kim, J., Javier-Lerch, F., & Simon, H. A. (1995). Internal representation and rule development in object-oriented design. ACM Transactions on Computer-Human Interaction, 2(4, December), 357-390.
Klahr, D., & Simon, H. A. (2001). What have psychologists (and others) discovered about the process of scientific
discovery? Current Directions in Psychological Science, June, 10(3), 75-79.
Kulkarni, D., & Simon, H. A. (1988). The processes of scientific discovery: The strategy of experimentation. Cognitive
Science, 12, 139-175.
Langley, P., Simon, H. A., Bradshaw, G. L., & Zytkow, J. M. (1987). Scientific discovery. Computational explorations
of the creative processes. Cambridge, MA: MIT Press.
Le Ny, J.-F. (1979). La sémantique psychologique: Presses Universitaires de France.
Le Ny, J.-F. (1989a). Questions ouvertes sur la localisation. Intellectica, 2(8), 61-84.
Le Ny, J.-F. (1989b). Science cognitive et compréhension du langage. Paris: Presses Universitaires de France.
Lebahar, J. C. (1983). Le dessin d'architecte. Simulation graphique et réduction d'incertitude [Architectural drawing.
Graphic simulation and uncertainty reduction]. Roquevaire, France: Editions Parenthèses.
Miller, G. A., Galanter, E., & Pribram, K. H. (1960). Plans and the structure of behaviour. New York: Holt.
Newell, A., & Simon, H. A. (1972). Human problem solving. Englewood Cliffs, NJ: Prentice-Hall.
Okada, T., & Simon, H. A. (1997). Collaborative discovery in a scientific domain. Cognitive Science, 21(2), 109-146.
Qin, Y., & Simon, H. A. (1990). Laboratory replication of scientific discovery processes. Cognitive Science, 14, 281312.
Reitman, W. (1965). Cognition and thought. New York: Wiley.
Rittel, H. W. J. (1972/1984). Second-generation design methods (Interview with Donald P. Grant and Jean-Pierre
Protzen). In N. Cross (Ed.), Developments in design methodology (pp. 317–327). Chichester, England: Wiley.
(Original work published 1972)
Rittel, H. W. J., & Webber, M. M. (1973/1984). Planning problems are wicked problems. In N. Cross (Ed.), Developments in design methodology (pp. 135–144). Chichester, England: Wiley. (Original work published 1973)
Roozenburg, N. F. M., & Dorst, K. (1999). Describing design as a reflective practice: Observations on Schön’s theory
of practice. In E. Frankenberger, P. Badke-Schaub & H. Birkhofer (Eds.), Designers. The key to successful product development (pp. 29–41). London: Springer.
Schön, D. A. (1983). The reflective practitioner: How professionals think in action. New York: Basic Books. (Reprinted 1995)
Schön, D. A. (1988). Designing: Rules, types and worlds. Design Studies, 9(3), 181–190.
Schön, D. A. (1992). Designing as reflective conversation with the materials of a design situation. Knowledge-Based
Systems, 5(1), 3–14.
Simon, H. A. (1969/1974). La science des systèmes. Science de l'artificiel (J.-L. Le Moigne, Trans.). Paris: Epi. (Orig.
work The sciences of the artificial, 1969).
Simon, H. A. (1969/1996). The sciences of the artificial (3rd, rev. ed. 1996; Orig. ed. 1969; 2nd, rev. ed. 1981) (3 ed.).
Cambridge, MA: MIT Press.
Simon, H. A. (1971/1975). Style in design. In C. Eastman (Ed.), Spatial synthesis in computer-aided building design
(pp. 287-309). London: Applied Science Publishers. First published in J. Archea & C. Eastman (Eds.) (1971).
EDRA TWO, Proceedings of the 2nd Ann. Environmental Design Research Association Conference, 1-10, October 1970 (pp. 1-10). Stroudsbury, PA: Dowden, Hutchinson & Ross, Inc. (Version of Simon's text we refer to).
Simon, H. A. (1973/1984). The structure of ill-structured problems. Artificial Intelligence, 4, 181-201 Also in Cross, N.
(Ed.). (1984), Developments in design methodology (pp. 1145-1166). Chichester, England: Wiley.
Simon, H. A. (1977a). Models of discovery. Boston, MA: Reidel.
Simon, H. A. (1977b). The next hundred years: Engineering design. In L. E. Jones (Ed.), The next hundred years (pp.
89-104). Toronto: University of Toronto, Faculty of Applied Science and Engineering.

Simon, H. A. (1978). Information-processing theory of human problem solving. In W. K. Estes (Ed.), Handbook of
learning and cognitive processes (Vol. V. Human information processing, pp. 271-295). Hillsdale, NJ: Lawrence
Erlbaum Associates.
Simon, H. A. (1980). Technology: Source of opportunity and constraint in design. College of Design, Architecture, and
Art Journal, 1, 26-33.
Simon, H. A. (1987/1995). Problem forming, problem finding, and problem solving in design. In A. Collen & W. W.
Gasparski (Eds.), Design and systems: General applications of methodology (Vol. 3, pp. 245-257). New Brunswick, NJ: Transaction Publishers. (Text of a lecture delivered to the First International Congress on Planning and
Design Theory, Boston, MA, 1987).
Simon, H. A. (1992a). Scientific discovery as problem solving. International Studies in the Philosophy of Science, 6, 314.
Simon, H. A. (1992b). Scientific discovery as problem solving: Reply to critics. International Studies in the Philosophy
of Science, 6, 69-88.
Simon, H. A. (1996/2004). Les sciences de l'artificiel (J.-L. Le Moigne, Trans.). Paris: Gallimard. (Orig. work The
sciences of the artificial, 3rd, rev. ed. 1996; Orig. ed. 1969).
Simon, H. A. (1997). Integrated design and process technology. Journal of Integrated Design and Process Science,
1(1), 9-16.
Simon, H. A. (2001). "Seek and ye shall find" How curiosity engenders discovery. In K. D. Crowley, C. D. Schunn &
T. Okada (Eds.), Designing for science: Implications from everyday classroom, and professional settings (pp. 318). Mahwah, NJ: Lawrence Erlbaum Associates.
Vera, A. H., & Simon, H. A. (1993). Situated action: A symbolic interpretation. Cognitive Science, 17(1), 7-48.
Visser, W. (1994). Organisation of design activities: Opportunistic, with hierarchical episodes. Interacting with Computers, 6(3), 239-274 (Executive summary: 235-238).

