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EPISTEMOLOGICAL PLURALISM:
STYLES AND VOICES WITHIN THE
COMPUTER CULTURE

SHERRY TURKLE AND SEYMOUR PAPERT

Epistemological pluralism

The prevailing image of the computer represents it as a logical
machine and computer programming as a technical, mathematical
activity. Both the popular and technical culture have constructed
computation as the ultimate embodiment of the abstract and formal.
Yet the computer’s intellectual personality has another side: our
research finds diversity in the practice of computing that is denied
by its social construction. When we looked closely at programmers
in action we saw formal and abstract approaches; but we also saw
highly successful programmers in relationships with their material
that are more reminiscent of a painter than a logician. They use
concrete and personal approaches to knowledge that are far from
the cultural stereotypes of formal mathematics.!

! Research reports that emphasize approach to programming or programming
style in the sense we are using it here include Seymour Papert, Andrea di Sessa,
Sylvia Weir, and Daniel Watt, “Final Report of the Brookline Logo Project,” Logo
Memos 53 and 54 (Massachusetts Institute of Technology, Cambridge, Mass., 1979);
Sherry Turkle, “Computer as Rorschach,” Society 17 (December 1980): 15-22, and
The Second Self: Computers and the Human Spirit (New York: Simon & Schuster,
1984), esp. chap. 3; Sylvia Weir, Cultivating Minds: A Logo Casebook (New York:
Harper & Row, 1987); Sherry Turkle, Donald Schon, Brenda Nielsen, M. Stella
Orsini, and Wim Overmeer, “Project Athena at MIT” (Massachusetts Institute of
Technology, Cambridge, Mass., May 1988, typescript); Lise Motherwell, “Gender
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The diversity of approaches to programming suggests that equal
access to even the most basic elements of computation requires
accepting the validity of multiple ways of knowing and thinking, an
epistemological pluralism. Here we use the word epistemology in
a sense closer to Piaget’s than to the philosopher’s.? In the
traditional usage, the goal of epistemology is to inquire into the
nature of knowledge and the conditions of its validity; and only
one form of knowledge, the propositional, is taken to be valid.®
The step taken by Piaget in his definition of epistemologie
genetique was to eschew inquiry into the “true” nature of
knowledge in favor of a comparative study of the diverse nature of
different kinds of knowledge, in his case the kinds encountered in
children of different ages. We differ from Piaget on an important
point, however. Where he saw diverse forms of knowledge in
terms of stages to a finite end point of formal reason, we see
different approaches to knowledge as styles, each equally valid on
its own terms.

The barriers to acknowledging such pluralism are great, histor-
ically rooted in domains that go far beyond computation. The
formal, propositional way of knowing has been recognized tradi-
tionally as a standard, canonical style. Indeed, philosophical epis-
temology has generally taken it as synonymous with knowledge.
Where concrete approaches to knowledge have been recognized at
all, it has most often been as inferior ways of knowing, the kinds of
knowing adopted by necessity by those who have not yet mastered
the canonical style. Thus Jean Piaget recognizes in young children
ways of thinking that do not conform to the canon but that are too
coherent and efficacious to be branded simply as “wrong.” He casts
children’s concrete thinking as a stage in a progression to a formal
style.* Similarly, Claude Lévi-Strauss recognizes ‘“bricolage,” a

and Style Differences in a Logo-based Environment” (Ph.D. diss., Massachusetts
Institute of Technology, January 1988); Idit Harel, “Software Design for Learning:
Children’s Construction of Meaning for Fractions and Logo Programming” (Ph.D.
diss., Massachusetts Institute of Technology, June 1988).

* Piaget's use of the term epistemology is pervasive in his writing. See, in
particular, Introduction a epistemologie genetique, vols. 1-3 (Paris: Presses Uni-
versitaires de France, 1950). Alvin Goldman discusses the modern redefinition of
the field of epistemology as something as close to psychology and sociology as to
philosophy in Epistemology and Cognition (Cambridge, Mass.: Harvard University
Press, 1986).

3 For a critical and polemical account of this history, see Paul M. Churchland, A
Neurocomputational Perspective: The Nature of Mind and the Structure of Science
(Cambridge, Mass.: MIT Press, 1989).

* See, e.g., Jean Piaget and Barbel Inhelder, The Growth of Logical Thinking
from Childhood to Adolescence (New York: Basic, 1958).
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“science of the concrete,” but relegates it to primitive societies, a
manifestation of the “savage mind.”®

More recently, concrete ways of thinking have been recognized
in contexts that are not easily dismissed as inferior. Ethnographers
of science studying the daily life of the laboratory have found that
scientific discoveries are made in a concrete, ad hoc fashion, and
only later recast into canonically acceptable formalisms.® Scientific
biography reveals that Nobel laureates relate to their materials in
the concrete and tactile style of Lévi-Strauss’s bricoleurs.” Psychol-
ogists investigating adults’ mathematical thinking find that they use
an effective and down-to-earth style very different from the abstract
and formal math they were taught at school.® Feminist scholars have
documented the power of concrete, contextual reasoning in a wide
range of domains.®

5 Claude Lévi-Strauss, The Savage Mind (Chicago: University of Chicago Press,
1968).

6 A sample of relevant studies in scientific ethnography is provided by Karin
Knorr-Cetina and Michael Mulkay, eds., Science Observed: Perspectives on the
Social Studies of Science (London: Sage, 1983). See also Karin Knorr-Cetina, The
Manufacture of Knowledge: An Essay on the Constructivist and Contextual Nature
of Science (Oxford: Pergamon, 1981); Bruno Latour and Stephen Woolgar, Labora-
tory Life: The Social Construction of Scientific Facts (Beverly Hills, Calif.: Sage,
1979); Sharon Traweek, Beamtimes and Lifetimes: The World of High Energy
Physicists (Cambridge, Mass.: Harvard University Press, 1989).

7 Evelyn Fox Keller, A Feeling for the Organism: The Life and Work of Barbara
McClintock (San Francisco: W. H. Freeman, 1983).

8 A sample of studies on everyday thinking is contained in Barbara Rogoff and
Jean Lave, eds., Everyday Cognition: Its Development in Social Context (Cam-
bridge, Mass.: Harvard University Press, 1984). Also, see Jean Lave, Cognition in
Practice: Mind, Mathematics and Culture in Everyday Life (Cambridge: Cambridge
University Press, 1988).

% See e.g., Mary Field Belenky, Blythe McVicker Clinchy, Nancy Rule Gold-
berger, and Jill Mattuck Tarule, Women’s Ways of Knowing: The Development of
Self, Voice, and Mind (New York: Basic, 1986). Edited collections that focus on
approaches to knowing in science include: Ruth Bleir, ed., Feminist Approaches to
Science (New York: Pergamon, 1986); and Sandra Harding and Merrill B. Hintikka,
eds., Discovering Reality: Feminist Perspectives on Epistemology, Metaphysics,
Methodology, and Philosophy of Science (London: Reidel, 1983). An overview that
highlights many of the issues we deal with in this essay is provided by Elizabeth
Fee, “Critiques of Modern Science: The Relationship of Feminism to Other Radical
Epistemologies,” in Bleir, ed. In this essay we situate our position by focusing on
two writers, Carol Gilligan and Evelyn Fox Keller. Gilligan, with her emphasis on
moral discourse, might seem out of place in a discussion of noncanonical approaches
to science and technology; but here we argue that key issues in the critique of
science are not about scientific reasoning but about reasoning. Juxtaposing moral
and computational reasoning helps us make this point. In addition, Gilligan’s critical
relationship to the theories of Lawrence Kohlberg is analogous to our own critical
relationship to Piaget’s work. We emphasize Keller because her work underscores,
as does ours, the importance of relationships with objects in the development of
noncanonical styles. Using Gilligan and Keller as a contrasting pair allows us to

130



Autumn 1990 / SIGNS

With such contributions has come a growing convergence of
intellectual commitments to a revaluation of the concrete; but in
general, the ethnographers, psychologists, and feminist scholars
who have contributed to this revaluation have not seen computation
as relevant to their concerns. Here we present evidence that points
toward the possibility of new intellectual alliances.

In our research on programming styles, the computer has
emerged as an important actor in the revaluation of the concrete, a
privileged medium for the growth of alternative voices in dealing
with the world of formal systems. The conventional route into
formal systems, through the manipulation of abstract symbols,
closes doors that the computer can open. The computer, with its
graphics, its sounds, its text, and its animation, can provide a port of
entry for people whose chief ways of relating to the world are
through movement, intuition, and visual impression. At the heart of
the new possibilities for the appropriation of formal systems is the
computational object, on the border between an abstract idea and a
concrete physical object. In the simplest case, a computational
object such as an icon moving on a computer screen can be defined
by the most formal of rules and is thus a mathematical construct, but
at the same time it is visible, almost tangible, and allows a sense of
direct manipulation that only the encultured mathematician can
feel in traditional formal systems.!® The computer has a theoretical
vocation: it can make the abstract concrete; it can bring formality
down-to-earth.

We have studied computers and the cultures that grow up
around them in a wide variety of settings ranging from video game
arcades to research laboratories of artificial intelligence. In this
paper we draw particularly on a long-term line of research on how
people enter the culture of programming. Using clinical methods
inspired by the Piagetian and psychoanalytic traditions, we built up
case studies of children using computers in grade school settings
and college students taking a first programming course. We saw
many manifestations of the concrete approach, favored in our study
by more women than men. We were also able to observe people
reacting poignantly to what they felt as a pressure to conform to an

highlight two different dimensions of what we call the concrete approach to science
(see Carol Gilligan, In A Different Voice: Psychological Theory and Women's
Development [Cambridge, Mass.: Harvard University Press, 1982]; Evelyn Fox
Keller, A Feeling for the Organism, and Reflections on Gender and Science [New
Haven, Conn.: Yale University Press, 1985]).

" See Philip J. Davis and Reuben Hersh, The Mathematical Experience (Boston:
Houghton Mifflin, 1981); and Seymour Papert, “The Mathematical Unconscious,” in
Aesthetics and Science, ed. Judith Wechsler (Cambridge, Mass.: MIT Press, 1980).
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officially imposed style.! Although the computer as an expressive
medium supports epistemological pluralism, the computer culture
often does not. Our data points to discrimination in the computer
culture that is determined not by rules that keep people out but by
ways of thinking that make them reluctant to join in. Moreover, the
existence of diverse styles of expert programming supports the idea
that there can be different but equal voices even where the formal
has traditionally appeared as almost definitionally supreme: in
mathematics and the sciences.

Evelyn Fox Keller has remarked on the difficulty that people
face when they try to understand what it might mean to do science
in anything other than the formal and abstract canonical style.
Describing such a style in the work of geneticist Barbara Mc-
Clintock, Keller notes that this is the “less accessible aspect” of a
scientist’s relationship to nature.! In this essay we describe people
learning to program who are having experiences with formal
systems that are in many ways analogous to those of the bricoleur
scientist or mathematician. One way the computer contributes to
the revaluation of concrete approaches in the domain of formal
systems is by giving more people access to (and an experience of)
them.

The computer forces general questions about intellectual style
to reveal an everyday face.® Even schoolroom differences in how
children program computers raise issues that come up in a more
abstract form in scholarly debates about scientific objectivity. The
computer makes ideas about noncanonical scientific voices more
concrete and therefore appropriable because we can relate them
not only to the science of the scientists but to our own thinking.

Here we focus on descriptions of a concrete way of knowing; the
formal, canonical style is well known and well defended. Yet, our
discussion of concrete approaches is implicitly a discussion of

1 For grade school children we worked with forty cases. Of the twenty girls in our
study, fourteen preferred concrete approaches, of twenty boys there were four who
followed this route. In the study of college students taking a first programming
course, of the fifteen women, nine were concrete style programmers, of fifteen men,
four. Because of our interest in spontaneous approaches, we classified as concrete
thinkers some students who finally adopted elements of the canonical approach in
order to please their teachers. (See, e.g., the cases of Lisa and Robin, below.) In our
research, the male/formal and female/concrete dichotomy was most dramatic in a
predominantly white, wealthy private school in the South where traditional patterns
of socialization would favor boys learning the ways of control, hierarchy, and
distance and girls learning the ways of negotiation and closeness.

2 Keller, A Feeling for the Organism, 198.

18 For a fuller discussion of the computer as an evocative and concretizing object,
see Turkle, The Second Self (n. 1 above).
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formal ones; it contributes to the deconstruction of the canonical
style as the only way to think. It also situates it: the supervaluation
of the formal approach owes much of its strength within computa-
tion to the support it gets in other intellectual domains. Formal
thinking, defined as synonymous with logical thinking, has been
given a privileged status that can be challenged only by developing
a respectful understanding of other styles, where logic is seen as a
powerful instrument of thought but not as the “law of thought” In
this view, “logic is on tap not on top.” As a carrier for pluralistic
ideas about approaches to knowledge, the computer may hold the
promise of catalyzing change not only within the computer culture
but in the culture at large.

Personal appropriation

Consider Lisa, eighteen, a first-year Harvard University student in
an introductory programming course. Lisa fears that she will find
the course difficult because she is a poet, “good with words not
numbers.” In high school, she had always scorned teachers who
had insisted that mathematics is a language. Yet, now, her first
encounter with the computer has made Lisa ready to reconsider
this proposition and with it her characterization of herself as
someone “‘bad at math.” Lisa starts well, surprised to find herself
easily in command of the course material; but as the term
progresses she reluctantly decides that she “has to be a different
kind of person with the machine.” The pressure to do so is not from
the computational medium. She says she can no longer resist
pressure from her teachers to think in ways that are not her own.

Lisa wants to manipulate computer language the way she works
with words as she writes a poem. There, she says, she “feels her
way from one word to another,” sculpting the whole. When she
writes poetry, Lisa experiences language as transparent, she knows
where all the elements are at every point in the development of her
ideas. She wants her relationship to computer language to be
similarly transparent. When she builds large programs she prefers
to write her own, smaller, building block procedures even though
she could use prepackaged ones from a program library; she resents
the opacity of prepackaged programs. Her teachers chide her,
insisting that her demand for transparency is making her work more
difficult; Lisa perseveres, insisting that this is what it takes for her
to feel comfortable with computers.

Two months into the programming course, Lisa’s efforts to
succeed are no longer directed toward trying to feel comfortable.
She has been told that the “right way” to do things is to control a
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program through planning and black-boxing, the technique that lets
you exploit opacity to plan something large without knowing in
advance how the details will be managed. Lisa recognizes the value
of these techniques—for someone else. She struggles against using
them as the starting points for her learning. Lisa ends up abandon-
ing the fight, doing things “their way,” and accepting the inevitable
alienation from her work. She calls her efforts to become “another
kind of person with the machine” her “not-me strategy” and begins
to insist that the computer is “just a tool.” “It’s nothing much,” she
says, “just a tool.” Lisa’s growing sense of alienation does not stem
from an inability to cope with programming but from her ability to
handle it in a way that comes into conflict with the computer
culture she has entered.

A classmate, Robin, is a pianist. Robin explains that she masters
her music by perfecting the smallest “little bits of pieces” and then
building up. She cannot progress until she understands the details
of each small part. Robin is happiest when she uses this tried and
true method with the computer, playing with small computational
elements as though they were notes or musical phrases. Like Lisa,
she is frustrated with using prepackaged programs. She, too, has
been told her way is wrong: “I told my teaching fellow I wanted to
take it all apart and he laughed at me. He said it was a waste of time,
that you should just black box, that you shouldn’t confuse yourself
with what was going on at that low level.”

Lisa and Robin came to the programming course with anxieties
about not belonging (fearing that the computer belonged to male
hackers who lived in “a world apart”), and their experiences in it
only served to validate their fears.* Although carefully designed
and imaginative, the Harvard University course taught that there is
only one right way to approach the computer, a way that empha-
sizes control through structure and planning. There are many
virtues to this computational approach (it makes sense when
dividing the labor on a large programming project, for instance) but
Lisa and Robin have intellectual styles at odds with it. Lisa says she
has “turned herself into a different kind of person” in order to

141 isa and Robin were part of a larger study of Harvard and MIT students taking
introductory programming courses. The study found anxiety about an identity as a
“computer person” to be an important aspect of reticence toward computers,
especially among women (see Sherry Turkle, “Computational Reticence: Why
Women Fear the Intimate Machine,” in Technology and Women’s Voices: Keeping in
Touch, ed. Cheris Kramarae [New York: Pergamon, 1988]). See also Sara Kiesler, Lee
Sproull, and Jacquelynne S. Eccles, “Poolhalls, Chips, and War Games: Women in
the Culture of Computing,” Psychology of Women Quarterly 9, no. 4 (December
1985): 451-62.
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perform, and Robin says she has learned to “fake it.”” Although both
women got good grades in this programming course, both have had
to deny who they are in order to succeed.

Lisa’s and Robin’s experiences make it clear that the computer
can be a partner in a great diversity of relationships, that the
computer is an expressive medium that different people can make
their own in their own way. Yet those who wish to approach the
computer in a noncanonical way are discouraged by the dominant
computer culture, eloquently expressed in the ideology of the
Harvard University course. They are asked to change their style to
suit the fashion when they begin to interact with the official
computer world, committed to a formal, rule-driven, hierarchical
approach to programming.® Like Lisa and Robin, their exclusion
from the computer culture is perpetuated not by rules that keep
them out, but by ways of thinking that make them reluctant to join
in. They are not computer phobic. They do not need to stay away
because of fear or panic; but they are computer reticent. They want
to stay away because the computer has come to symbolize an alien
way of thinking. They learn to get by and to keep a certain distance.
One of its manifestations is the way they neutralize the computer
through language, which denies the possibility of using it cre-
atively (recall how Lisa dismisses it as “just a tool”).

In this way, discrimination in the computer culture takes the
form of discrimination against approaches to knowledge, most
strikingly against the one preferred by Lisa and Robin, an approach
we call “bricolage.”

Bricolage

Lévi-Strauss used the term “bricolage” to contrast the analytic
methodology of Western science with what he called a “science of
the concrete” in primitive societies.”® The bricoleurs he describes

5 In 1987, Turkle led a discussion group attended by thirty-seven women
members of a local computer society. Of these, seventeen reported feeling pressure
to change their preferred ways of working with the computer in order to be more
acceptable to the dominant computer culture. “I got my wrist slapped enough times
and I changed my ways,” said one of them, a college student for whom programming
on her Macintosh was a private passion until she entered MIT.

6 I évi-Strauss (n. 5 above). Lévi-Strauss contrasted bricolage with Western
science, ignoring the significant aspects of bricolage present in the latter. Several
recent writers have written in a way that begins to redress this imbalance (see, e.g.,
Paul Feyerabend, Against Method: The Outline of an Anarchistic Theory of
Knowledge [London: New Left Books, 1975]; N. R. Hanson, Patterns of Discovery
[Cambridge: Cambridge University Press, 1958]; Ludwig Wittgenstein, Philosoph-
ical Investigations [New York: MacMillan, 1953]). In a less formal vein, see Richard
Feynman, Surely You Must Be Joking Mr. Feynman (New York: Norton, 1985).

135






































































http://www.jstor.org

LINKED CITATIONS
-Pagelofl-

You have printed the following article:

Epistemological Pluralism: Styles and Voices within the Computer Culture
Sherry Turkle; Seymour Papert

Signs Vol. 16, No. 1, From Hard Drive to Software: Gender, Computers, and Difference.
(Autumn, 1990), pp. 128-157.
Stable URL:

http://links.jstor.org/sici?sici=0097-9740%28199023%2916%3A1%3C128%3AEPSAVW%3E2.0.CO%3B2-D

This article references the following linked citations. If you are trying to access articles from an
off-campus location, you may be required to first logon via your library web site to access JSTOR. Please
visit your library's website or contact a librarian to learn about options for remote access to JSTOR.

[Footnotes]

“'Some Cautionary Words for Historians
Linda K. Kerber
Signs Vol. 11, No. 2. (Winter, 1986), pp. 304-310.

Stable URL:
http://links.jstor.org/sici?sici=0097-9740%28198624%2911%3A2%3C304%3ASCWFH%3E2.0.CO%3B2-N

“Computer Criticism vs. Technocentric Thinking
Seymour Papert
Educational Researchg¥ol. 16, No. 1. (Jan. - Feb., 1987), pp. 22-30.

Stable URL:
http://links.jstor.org/sici?sici=0013-189X%28198701%2F02%2916%3A1%3C22%3ACCVTT%3E2.0.CO%3B2-A

NOTE: The reference numbering from the original has been maintained in this citation list.



