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Introduction

How widely applicable are evolutionary theories? What can they tell
us about design practices? The concept of evolution often is used in
design research, yet Langrish' argues that many of our evolution-
ary ideas are confused or pre-Darwinian, and that they should be
replaced by a non-progressive Darwinism. The theories we use
inform our analysis, and hence a clearer theoretical understanding of
evolution has the potential to improve our interpretation of empirical
data on design practices.

In this paper, I argue that the Darwinian concepts of varia-
tion and selection provide a useful theoretical lens for understand-
ing longer-term changes across design families, but that they can
be misleading when applied to design practices within particular
projects. To support these arguments, I consider the treatment of
evolution in literature about technological change, as well as the
contemporary debates and controversies in human and cultural
evolution. Analysis and comparison suggests that there is a broad
spectrum of neo-Darwinian evolutionary thinking. This includes,
but is not limited to, the notion of “memes,” currently discussed
by design theorists. I highlight the questions and challenges that
this rich heritage of evolutionary theorizing poses to researchers of
design, who are engaged in analyzing activities and the outcomes
of human labor.

Of course, it may seem paradoxical to include a discussion of
evolutionary theories in Design Issues; given the deliberate and inten-
tional nature of design practice. Darwin’s theory of natural selec-
tion provides a mechanism for the evolution of the species, which
disposes with the hand of God as the designer of individual living
things. It drew him into conflict with the creationists, who believe
that all living creatures are individually designed. While there is
a long history of speculation that biological evolution is just one
instance of a more generic phenomenon,> a number of dissimilarities
between the realms of the natural and the artificial raise potential
challenges to the legitimacy of evolutionary claims. Designers clearly
are involved in the realm of the artificial. Hence, we are justified in
approaching the application of evolutionary theories to design as
skeptics.
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Nevertheless, evolutionary concepts do have great appeal
when we consider human culture, and the objects that are designed
and made within it. Historical studies of technology describe long-
term Changes in the structure and form of hammers, steam engines,
and automobiles; paperclips, forks, pins, and zippers; bicycles,
Bakelite, and bulbs; automotives; bridges and airplanes.’ There also
are rich traditions of using biological analogies to understand design,
for example, through work at the Cambridge School of Architecture
in the 1960s and 1970s.* In striving to develop robust theories of
design practice, we must be prepared to analyze critically and to seek
to falsify all contenders. The potential utility of valid evolutionary
theories makes evaluating the validity of their application to design
particularly important.

The Nature of Evolutionary Theories

Variation and selection are central to Darwinian theories. In On
the Origin of Species, Darwin outlines processes of variation, under
domestication and under nature; and processes of natural selection.
He goes to great lengths to set out the logical basis for his argument
for evolution, and to address the counter-arguments that could
disprove his claims. Crucially, he introduces qualifiers. Hence, in
considering the conditions that may be favorable to natural selection,
he states: “A large number of individuals ... is, I believe, an extremely
important element of success.” > Inheritable and diversified variabil-
ity also are characterized as favorable, though Darwin believes that
mere individual differences are sufficient.

Evolution is, in biological terms, quite different to develop-
ment: it focuses on the evolution of a population over many genera-
tions rather than the growth of an individual over a lifespan. In the
social sciences, the term evolution sometimes is used loosely to mean
any form of development or change. But evolutionary theories need
to be more precisely defined and characterized to be useful. Darwin
was not the first to propose a mechanism. Prior to Darwin, Lamarck
had proposed a mechanism for evolution based on the inheritance of
characteristics acquired during their lifetime, such as the passing on
of learned knowledge or well-exercised muscles.* However, Darwin’s
theory is the only one to have stood up to comparison with empiri-
cal data. Modern theories of evolution typically require variations
across a population to result in competition between variants, and
differential inheritance of their characteristics in the next generation
of the population. This process has been described as one of blind
variation and selective retention.” It increases the fit between charac-
teristics of the population and the local selection environment, and
hence increases diversity.

Theories of evolution do not provide a basis for extrapola-
tion of design prescriptions. The progressive view of the mechanism
behind evolution is simply not supported by empirical data, and
should be little more than a footnote in contemporary discussion.
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Developed in the nineteenth and twentieth centuries through the

work of (non-Darwinian) evolutionary theorists such as Lamarck and

Spencer? it sees all biological species moving up a “chain of being”

which culminates in human beings. In their critique of progressive

evolution, Laland and Brown go so far as to argue that:
[HIistorically, certain ideas have tended to go together: a
Lamarckian view of evolution with species arranged on a
ladder and a linear, progressive concept of change, perhaps
inevitably engenders prejudice as some evolved forms must
be regarded as more advanced, or “higher” than others.’

As Langrish shows, it is this progressive view that often is criticized
by design scholars. For example, Tonkinwise criticizes evolution
as “a way of explaining what results from interrelated random
processes, not the mechanism that brings about those results.” *° In
fact, evolutionary theory does exactly the opposite, explaining the
mechanism for change but not the results. Despite the development
and refinement of scientific theories of evolution, erroneous beliefs
in progressive evolution have been widely influential," and are still
deeply entrenched in debates on technological evolution.

One way of understanding the difference between the non-
Darwinian prescriptive views of the historical sequence, and the
modern, neo-Darwinian descriptive view of the historical sequence,
is to consider the different versions of the “tree of life” that these
theories propose. The progressive tree proposed by Ernst Haeckel
shows a linear progression up a tree, with man at the top while
contemporary phylogenetic trees, which are based on an analysis of
molecules rather than species, show a broader divergence of life in
which man holds no privileged position.”? It is important to note that
evolutionary research seeks to explain a number of phenomena: it is
not only used to describe and analyze such historical sequences over
the long-term, but also used to study the mechanisms for changes
at any point in time.

Like Langrish, I argue that the Darwinian concepts of varia-
tion and selection provide a firmer foundation for theorizing about
design than the non-Darwinian understandings that his work
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replaced. As the following sections show, there has been significant
refinement and elaboration of Darwinian evolutionary theory over
the last century, both in terms of its application to technology® and
in terms of the biological sciences themselves.

Evolutionary Thinking and Technological Change

The concepts of variation and selection are well established in the
evolutionary economics tradition. In a challenge to equilibrium
models of the economy, Schumpeter introduces a dynamic compo-
nent into economic analysis by arguing that capitalism is a form
or method of economic change that is never stationary. Nelson
and Winter draw on this Schumpeterian model of competition to
develop an evolutionary theory of economics, which has become
widely influential.®®

Though this model uses the ideas of variation and selection,
it is not strictly Darwinian in nature. Nelson and Winter describe
themselves as unabashedly Lamarckian since their theory describes
learning playing a role through the “inheritance” of acquired char-
acteristics and appearance of variation under the stimulus of adver-
sity.' According to them, the three basic concepts for an evolutionary
theory of economic change are: first, the idea of an organizational
routine; second, the idea of “search” to denote all those organiza-
tional activities associated with the evaluation of current routines,
and which may lead to their modification or replacement; and, third,
the idea of the “selection environment,” which includes other firms
in the market, the patent system, and other institutional configura-
tions.”

Likewise, Freeman describes the historical rise of science-
related technology through developments in process innovations,
synthetic materials, and then electronics. Influenced by Marxist
views of technological progress, the dominant nature of different
technologies at different junctures in history is explained using the
metaphors of waves, paradigms, and trajectories; such as Kondratiev
long-waves," which are considered as long economic cycles that
occur approximately every fifty years, techno-economic paradigms,
and technological trajectories. While, again, this work is not strictly
evolutionary, the idea of technological trajectories and the related
concepts of path dependence and lock-in* have a resonance with
evolutionary theorizing.

Much modern work emphasizes the branching nature of
technological change. From this perspective, the theory indicates
that there will be branches, but cannot identify the ones that will
be taken.? Variation is not random, but prestructured by regimes or
paradigms. In addition to selection processes working on products,
there are shifts in selection environments leading to the coevolu-
tion of technology, industry structure, and supporting institutions.
In sociological and historical approaches, for example, attention is
focused on the political processes underlying trajectories of change
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Table 1:
Contemporary research traditions in human
and cultural evolution

in modern objects. In developing an empirically based socio-techni-
cal theory of technological development, Bijker argues that trial-
and-error models, often cast in evolutionary terms, have specific
advantages over models that stress the goal-oriented character of
technological development.? However, Bijker* highlights two prob-
lems associated with an evolutionary explanation of the empirical
data: first, its complexity: such an evolutionary representation would
need three layers, with variation and selection in terms of problems,
solutions, and resulting artifacts; and, second, if this representation is
not completely adequate, the almost inevitable assumption is that the
artifact is a constant fixed entity—to be generated through the varia-
tion process and then ushered in through the selection process.

Contemporary Work on Biological, Human, and Cultural
Evolution

When borrowing from evolutionary ideas, there is a tendency for
authors in the design community to see biological evolution as
a “closed” field of established theory. Design scholars habitually
reference Darwin, Lamarck, and sometimes refer to the modern
scholar Dawkins.” For practitioners in the field, however, there
are a number of inherent debates and controversies, and there is an
evolving knowledge-base. The discovery of genes and genetic bases
for natural selection in the 1930s and 1940s served as an important
spur to modern theorizing in biology. Thus, modern biological evolu-
tion tends to be concerned with genes, phenotypes, and populations;

Human socio-biology

Builds on new evolutionary methods and ideas, including evolutionary game theory, kin
selection, and reciprocal altruism. Kin selection is proposed to explain why individuals
sometimes behave in ways that decrease their chances of surviving and reproducing and
increase others’ reproductive success. Reciprocal altruism suggests that altruistic behav-
ior, which is initially costly to the actor but beneficial to the recipient, is selected if there
is a high probability that the altruistic act would be reciprocated on a future occasion.

Human behavioral ecology

Uses mathematical models to compute the optimal human behavior in a given context on
the assumption that this is what might have evolved. It then tests the model’s predictions,
primarily by studying traditional societies.

Evolutionary psychology

Interested in the evolved mechanisms that underlie human behavior and see modern
human beings as creatures adapted to the environments of our stone-age ancestors. It
looks at topics such as the evolution of memory, emotions, and reasoning. Critics argue,
however, that what is known about our ancestors’ way of life to make these analyses
valid is insufficient.

Memetics

Builds on the idea of the meme. This describes aspects of our behavior and knowledge,
such as particular skills, songs, ideas, and rituals that are transmitted between individuals
through imitation and social learning.

Gene-culture co-evolution

Involves the development of models to explore the co-evolution of genes and culture. For
example, it explains why Western people can drink milk without getting sick, while the
majority of the world’s adults cannot, by pointing to the co-evolution of dairy farming with
genes for processing milk.

Design Issues: Volume 23, Number 2 Spring 2007



26

27

28
29
30

31

32

33

34

Douglas J. Futuyma, Evolutionary Biology
(Sunderland, MA: Sinauer Associates,
1986).

Kevin N. Laland and Gillian R. Brown,
Sense and Nonsense: Evolutionary
Perspectives on Human Behaviour
(Oxford: Oxford University Press, 2002).
The table and the following paragraph
are largely based on this work.

Ibid., 88.

Ibid., 77.

Kevin N. Laland, John Odling-Smee,
and Marcus W. Feldman, “Niche
Construction, Biological Evolution, and
Cultural Change,” Behavioral and Brain
Sciences 23:1 (2000).

For memes in the technology litera-
ture, see Joel Mokyr, “Evolutionary
Phenomena in Technological Change”
in Technological Innovation as an
Evolutionary Process, John Ziman,

ed. (Cambridge: Cambridge University
Press, 2000). In the design literature,
see Artemis Yagou, “Rewiring Design
History from an Evolutionary Perspective:
Background and Implications” (paper
presented at the European Academy

of Design, Bremen, 2005); and John

Z. Langrish, “Evolutionary Design Ten
Years On: Memes and Natural Selection”
(paper presented at the European
Academy of Design 06, Bremen, 2005).
Henk van den Belt and Arie Rip,

“The Nelson-Winter-Dosi Model and
Synthetic Dye Chemistry” in The Social
Construction of Technological Systems,
Wiebe E. Bijker, Thomas P. Hughes, and
Trevor Pinch, eds. (Cambridge, MA: The
MIT Press, 1987), 140-41.

Nachoem M. Wijnberg and Gerda
Gemser, “Adding Value to Innovation:
Impressionism and the Transformation
of the Selection System in Visual Arts,”
Organization Science 11:3 (2000).

Arie Rip, “Technological Innovation—in
Context” (paper presented as the
keynote at the International Network on
Innovation Research Workshop, January
14, 2003).

whereas Darwin is concerned mainly with organisms, speciation,
and individuals.* Laland and Brown¥ analyze contemporary evolu-
tionary theories in human and cultural evolution: their taxonomy
and analysis is summarized in Table 1.

Although it is useful to characterize these traditions for
purposes of analysis, the reality is more complex, and these tradi-
tions are not autonomous.”? Human sociobiology, in some ways, is a
forerunner of the other schools. It has, at its heart, the idea of recipro-
cal altruism, described by a number of eminent evolutionists as one
of the most important, or the most important, idea in evolutionary
theory.” Following the development of human socio-biology, human
behavioral ecology and evolutionary psychology focus primarily
on the dynamics of human behavior. Culture plays a larger role in
work in memetics and gene-culture coevolution. The term “niche
construction” is used to describe the activities, choices, and metabolic
processes of organisms through which they define, choose, modify,
and partially create their own niches in another important extension
to the variation-selection model of evolution.*

Comparing Theories of Cultural and Technological Evolution
There are similarities between the development and contemporary
theories of human and cultural evolution, and technological evolu-
tion. Similarities in thinking relate to the transmission mechanism
between generations, and the relationship, or coevolution, with the
environment.

There is, for example, a similarity between the concept of
“memes,” which Dawkins sees as operating by infecting individual
minds, and “routines,” which are used by organizations to encode
and reuse their knowledge. Researchers of technological change use
both concepts; while, in the growing literature on evolutionary theo-
ries in design, the former has a privileged place.® Memes are seen to
be infectious, while routines are seen as one of the core capabilities
of a firm, and a means of internal replication of knowledge rather
than its external transmission.

In studying modern technologies, it has been argued that it
is difficult to justify the assumption that a selection environment
is truly independent of a particular technological trajectory.”> Some
scholars, therefore, see the evolutionary analogy as being rather
limited. However, there is a growing emphasis on coevolution in
both biological sciences, through the work on gene culture coevolu-
tion; and in studies of technology and organizations. For example,
French Impressionists were successful in radically altering the type
of art seen as high quality. Changes to the selection environment,
from one based on assessment by established academic artists to
one based on assessment by independent critics, have been used to
explain this.® Niche construction is used to explore ways of interven-
ing to create the alternative technological trajectories required for
achieving environmental sustainability.*
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However, an interesting difference between these traditions
is the way that they deal with industrialization and complex techno-
logical systems. Work on human and cultural evolution has tended
to look at non-Westernized or prehistoric societies. In evolutionary
economics and the sociology of science traditions, evolutionary
thinking is used to describe post-industrial societies, and some
attempts have been made to apply it to complex technological
systems.

Application and Limitations of Evolutionary Theories

Do evolutionary theories fit with the empirical evidence of design
practices? Are they useful in explaining design practices? What are
the limits of their applicability? Empirical research on real-world
design practices is greatly improving our understanding of design
in a range of disciplines and settings, and is raising new challenges.
Research is being conducted using protocol analysis, interviews
with designers, and historical and ethnographic studies of commer-
cial design practice.” This research is raising important questions
regarding the nature of design practices at different levels of analy-
sis, within a design project, and across a wider family of related
design projects.

Evolutionary theories offer a range of new tools for under-
standing design; however, even their strongest advocates of evolu-
tion identify some limitations and objections. One objection relates
to the unit of analysis:

Virtually all the fundamental principles of biological evolu-

tion have proved troublesome when applied to technology.

It is not at all clear what evolves .... It is not clear whether,

or on what grounds, “selection” might be said to occur, or

at what level.*

Concepts such as memes and routines have been criticized as evolu-
tionary storytelling, because they are difficult concepts to “opera-
tionalize” in research, and related theories have not led to systematic
empirical testing.
Another objection is to the assumption that technology is a
fixed entity in the variation and selection process.” A further limi-
tation, which was raised by Darwin, relates to the population size
required for evolutionary phenomena to be a good explanation.
Campbell describes this:
There is bound to be a lot of the purely fortuitous or non-
transferably specific in the life or death of a single biological
individual or culture item. For a systematic selective crite-
rion to make itself felt above this “noise level,” there must
be numerous instances involved, and a high mortality rate.
Thus we would be more apt to expect effective selection
criteria for neighborhood laundry organizations than for
national organizational forms.*
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This suggests that there has to be a certain size of popula-
tion for evolutionary explanations to provide adequate purchase on
empirical situations.

Within a project, the observed activities of designers have
been characterized as showing a reflective conversation with
materials through the medium of a drawing.* There is evidence
that experts use more effective design strategies than novices do.*
Small numbers of individual options are considered, and designs
are refined and changed over the lifetime of the process. Though
there is considerable research on evolutionary design by computers,*
this model of design is not found to resemble the messy practices
of human designers.” At this level of analysis, I have found little to
suggest that an evolutionary approach will shed light on empirical
phenomena.

In a number of separate, but related, products, evolutionary
phenomena have been noted across a range of sectors and product
types.® To describe all the members of a particular technological
trajectory, Gardiner introduces the idea of the design family,* using
it to describe the range of automotive and airplane designs that have
a common configuration; but which are variations tailored to specific
markets. Evolutionary theories appear to describe phenomena across
these families, and may be useful in addressing a number of ques-
tions. I suggest that the visualization of a design family provides a
useful way of interrogating the historical development of existing
technologies.

However, just as in modern biology different trees of life can
be drawn by considering different genes, I suggest that different
design families can be postulated based on different underlying
ideas. The analysis of a portfolio of complex designs, such as those
for architectural buildings, would propose different causal links
in relation to the development of sustainable development, roof
designs, etc.

Conclusions and Implications
Evolutionary theories may be used to challenge and extend our
understanding of design practices in a number of ways. For example,
by drawing attention to the way that the designer operates within
a selection environment, an evolutionary perspective draws atten-
tion to the way the intentionality of the designer is, to some extent,
contingent on this environment. Laland and Brown* describe one
of the benefits of evolutionary theory as its ability to generate
empirically testable hypotheses. However, we need to take great
care to ensure that theoretical mechanisms for evolution are actu-
ally encountered in practice. There is a danger of conflating observed
phenomena, which operate at different levels of analysis.

I argue that variation and selection are misleading when
applied to design practice within particular projects. It is not clear
what varies and what is selected, whether it is knowledge, designs,
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sub-assemblies, or other contenders. The practices of expert design-
ers are not easily explained through processes for creating surplus
variation; creating competition between variants, and then select-
ing the most appropriate. Thus, I argue that variation and selection
provide a useful theoretical lens for understanding longer-term
changes across design families. Design families exhibit variation,
competition between variants, inheritance of features, and the accu-
mulation of successive cultural modifications over time. In many
instances, there is a reasonable sample size to analyze. However,
evolutionary phenomena are more easily traced in preindustrial soci-
eties and in industries such as machinery, than in the development
of complex products such as buildings or infrastructure.

There is ongoing debate about whether technological evolu-
tion is Darwinian or Lamarckian in nature,* and learning has been
proposed in a number of evolutionary understandings of technology.
However, the literature reviewed in this paper points to a number
of significant developments in evolutionary theories. Just as under-
standing the natural is changing through the discovery of genes and
the development of concepts of kin selection and niche construction,
understanding the artificial is changing through ideas such as path
dependence, technological trajectory, and design families.

Evolutionary theories could be used in further research that
seeks to understand the mechanisms through which innovative
products are developed across a design family. More research is
needed on the applicability and limitations of evolutionary theories
for understanding design families in complex system industries.
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