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Abstract

Jane Darke's 1979 article "The Primary Generator and the Design Process”
appeared in the very first issue of Design Studies. In the four decades of
design research that followed, the article became a classic. In the article's
revaluation of the role subjectivity plays in design, Darke posits a construct
called the "the primary generator” —a limited set of (typically subjective)
constraints —as a way for architects to engage with design tasks character-
ized by complexity. The primary generator acts as a random starting point,
located within a subset of constraints, which is iteratively adjusted as the
design process takes place. It may be construed as a subjectively valued
organizing principle driving the design process. It may also be read as either
a liberating force of subjective creative freedom, or as a subjective source

of bias and fixation that the architect may be unwilling or unable to later
escape. Darke herself held both these positions over time. Her ideas on the
malleability of the design space and the very initiation of the creative design
process by imposition of constraints have been critical in the evolution of
constraint research, which represents a rich strand of interdisciplinary design
research.
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Introduction

Jane Darke’s! eight page, 7,000-word article entitled “The Primary Generator
and the Design Process,” conducted as part of her PhD studies, appeared in
the very first issue of the journal Design Studies. Over the course of the fol-
lowing four decades of design research, the article has become a must-read
design research classic, and is now the second-most cited article from the first
decade of Design Studies publications,? surpassed only by Nigel Cross’s article
“Designerly Ways of Knowing.”?

In this article, we revisit Darke’s 1979 work to explore how the arguments
and concepts originally advanced apparently struck a nerve in the design re-
search community, how those concepts— especially the term primary gener-
ator—were later used and cited in other works, and how the concepts may be
read now, four decades later, in light of subsequent academic work. Our main
contribution of is an interpretation of Darke’s work that brings it into the
present day. We will trace the path of works that explicitly make reference to
her highly cited article, including Darke’s reading of her own work over time,
as well as academic work where the inspiration and legacy from Darke seem
evident.

The Primary Generator Construct

In her 1979 article, Darke states that her objective is to “augment our under-
standing of the process of design as practiced by architects.”* This revalu-
ation of subjectivity in design, in some respects, foreshadows much design
research that took place in the decades that followed, where the expert
designer or architect came to be the central locus of investigation.

Darke appreciates how her aim departs from earlier design research
traditions, and peints to the view of design dominant in the 1960s that
encompassed an analysis-synthesis model, even if details varied —by in-
corporating feedback loops, for example —depending on the model in
question. Such models recognized that there were many factors to consider
in any design problem, but the hope at the time was to quantify and expli-
cate the “subjective ones,” to potentially transmit some of the processing
to computers, which was supposed to allow for fewer preconceptions and
thus (perhaps) a better solution. This, it was imagined, might be done
through exhaustively listing all relevant requirements and factors, and their
interactions, and then setting performance limits to the factors. Only at
this point should the designer engage in generating a form, starting with
clusters of related factors.® It was hoped that the synthesis of factors and
the generation of form might take place in a fairly automated fashion, with
minimal need for the expression of subjective assessment, which was seen
as a potential risk. Darke notes that even though such analysis-synthesis
models of design were dominant, especially in engineering and industrial
design, only few uses of such methods had been described, with Christopher
Alexander’s® being one exception; a method he later abandoned.

In her critique of analysis-synthesis models, Darke points to Bill Hillier,
John Musgrove, and Pat O’Sullivan’s” approach as an alternative approach.
Hillier and his colleagues formulated a replacement to the analysis-synthesis
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model, which they saw merely as a means of reducing variety. Rather, they
argued, design is essentially a matter of prestructuring problems, and they
instead suggested conceptualizing design as a matter of conjecture-anal-
ysis, arguing that a vast number of design decisions cannot actually be
taken before the solution is known, whereby “conjecture and problem
specification proceed side-by-side rather than in sequence.”®

Building on the above theoretical landscape, notably the one proposed
by Hillier and his colleagues, Darke moves on to propose the construct of
the primary generator as a useful way of conceptualizing a specific stage in
the design process: the stage that precedes conjecture. The primary gen-
erator is thus a component of the designer’s cognitive structuring. Darke
makes shifting references to primary generators as being ideas, concepts,
(self-imposed) constraints, major aims, or objectives. The use of the term
“ideas” might lead to some confusion as to how the generator can be sep-
arate from the conjectures that follow. However, Darke clarifies that the
primary generator is not the conceptualized image of a solution (i.e., the
conjecture), but rather refers to the prior ‘ideas’ that helped generate that
conjecture. Darke further notes, that it may be possible for the architect to
become aware of the ideas that are acting as generators, which may help
the architect evaluate them and possibly widen their range if necessary.
Although the empirical data presented supported the use of primary gen-
erators amongst the architects studied, Darke notes that it is not her intent
to propose that all architects adhere to the generator-conjecture-analysis
model; only that many seems to do so.'

Darke links the primary generator to the objective(s) (or concepts) that
generate(s) the solution, noting that the greatest variety reduction, or nar-
rowing down of a range of solutions, occurs early on in the process, with a
conjecture. “These objectives form a starting point for the architect, a way
in to the problem; he [sic] does not start by listing all the constraints. Any
particular primary generator may be capable of justification on rational
grounds, but at the point when it enters the design process it is usually
more of an article of faith on the part of the architect, a designer-imposed
constraint, not necessarily explicit.”"

Evident in the above quote is an important contrast: trying to fully
and explicitly list all possible factors to be considered prior to designing
(design research in the 1960s), and finding a way into the problem that
reduces the variety of potential solutions to a cognitively manageable set
in an (as yet) imperfectly understood problem. This primary generator
“way” into the problem often entails focusing on a particular (small set of)
objective(s) that is usually strongly subjectively valued and self-imposed.
By combining the primary generator concept with Hillier and colleagues’
proposed conception of design processes, the model then becomes gener-
ator—conjecture—analysis. While this model may appear somewhat linear,
Darke stresses its iterative, spiral nature.'? In an attempt to explain Darke’s
model in plain language, Bryan Lawson says, “you decide what you think
might be an important aspect of the problem, develop a crude design on
this basis, and then examine it to see what else you can discover about the

problem.”™®
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Methodologically, Darke undertook a series of seven interviews with
British architects (from the architectural firms Borough Architects, Neylan
& Ungless, Douglas Stephen & Partners, Darbourne & Darke, and Alison
& Peter Smithson) each of whom was designing a distinct public housing
estate in London. The interviews were retrospective—they took place in
1975, a few years after the buildings had been designed. Darke notes that
the architects were generally very willing to discuss their completed projects,
noting that at times it was almost as if they were talking about a favorite
child." In her analysis of the interviews, Darke highlights her inductive
approach and notes that the article that emerged was very different from the
research project she had envisioned prior to beginning the interviews.

The architects Drake interviewed pointed to a variety of objectives that
(apparently) serve as primary generators. Among these were “to express
the unique quality of the site;” to maintain social patterns; and to provide
for—and in some respects recreate—a particular relationship between a
dwelling and its surroundings. Another example of a primary generator,
Darke notes later, could be the wish to utilize “some good trees around the
edge of the site.” Darke states in a footnote that her usage of the term “gen-
erator” actually stems from that particular interview; the architect had made
use of the term without prompting. Darlke says that some primary generators
are constraints explicitly imposed by the architects on themselves, which do
not stem from the multiple, distinct sets of requirements that the building
also has to live up to.

In retrospect, it might seem surprising that such a brief theoretical posi-
tion piece focusing on the advancement of a single concept—the primary
generator—ended up attracting so much design research attention. Despite
the brevity of Darke’s theoretical development, the article exists as a concise,
sharply focused contribution that not only mirrored important developments
in design research at the time, but also foreshadowed theoretical develop-
ments that would drive the design field forward over the decades to come.

In a later section of this article, we review current theorizing related to
the primary generator concept. At the time of the 1979 article, a focus on
cognitive manageability resonated well with works by Herbert Simon, who
had already made landmark contributions to cognitive science'® and design
research' by introducing the idea that a scarcity of cognitive resources
directly impacted design behavior and human problem solving. While Darke
does not quote Simon in her article, Simon’s legacy is evident in the way she
addresses the issue of how designers can approach problems that are too
complex to cognitively manage in their entirety.

But Darke also seems to move beyond Simon by asserting the value of
focusing on architects’ subjective judgments and choices, especially in the
early phases of a design process. Her insight, in some respects, intimates
the heavy emphasis on reflection'® and framing'® found in later design re-
search. Furthermore, the notion that much of designing involves an iterative
back-and-forth between (self-imposed) constraint setting and conjecture
foreshadows later work expounding on the co-evolution of problem and
solution.?? In that brief piece of theorizing, Darke managed to establish a
unique position that anticipated changes in perspective in design research
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that would come only later. That eventual emergence probably explains the
enormous impact of the article.

Darke's Later Works

After the publication of her 1979 article, Darke further analyzed the inter-
views for her PhD dissertation, paying special attention to the visions the
architects had of their users, and how those impacted the architects’ designs.
In 1984, several large portions of her thesis were published as three separate
articles in Environment and Planning B, covering the architects’ assumptions
about the users,?' the sources of the architects’ assumptions,?? and the users’
perspective.?®

Darke?* examines the architects’ assumptions about the users. She con-
cludes that the architects ought to be criticized for three reasons: their lack
of reflection about whether their role is to meet social goals or not; their
limited perspective on the nature of (then) everyday life at home, including
a distinct lack of understanding about the increasing variety in types of
households; and their very imprecise images of the users for whom they
were designing. Darke?* explores the source of the architects’ assumptions,
stressing that they were relying heavily on personal experience to gauge
the needs of others without analyzing their presuppositions and assump-
tions. She further finds the architects to be unsystematic and uncritical in
their awareness and use of published research and user studies. None of the
architects appeared to have had much contact with the council tenants, yet
that lack of direct knowledge was not a cause for concern by the architects.
Instead, Darke concludes critically, the architects thought it acceptable, and
a normal part of the design process, to rely on their intuition and the guid-
ance offered by their personal experience.

Darke’s ongoing efforts to analyze her interviews ended up changing her
understanding of the nature of primary generators. She formally revisited
her 1979 concept five years later.? In that article, she explains that the
process of generator-conjecture-analysis—which relies heavily on designers’
personal experience, and requires very little authentic data on building
users—is “useful,” because output value can be assessed simply by virtue
of how well it satisfies operational requirements. The implication is that
original research and systematic observation are both inconvenient and
time consuming. She had stated that the purpose of her 1979 article was to
“augment our understanding of the process of design as practiced by archi-
tects. It is not the author’s intention to prescribe a single ‘correct’ procedure,
to criticize methods that differ from the model that has been proposed, or to
provide a recipe for ‘good’ design.”?” She explicitly modifies this descriptive
aim in the article published in 1984. “Although it is, presumably, tempting
to start to ‘design’ (that is, to consider solutions) on the basis of a few simple
objectives and a partial or mistaken perception of requirements, this tempta-
tion ought to be resisted until an adequately complex view of the users exist
in the architect’s mind.”?® Darke concludes that it is necessary for architects
to recognize the importance of having an adequately complex view or image
of their users prior to any attempt at developing a solution. In a book chapter
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from the same year, Darke goes even further by advancing a scathing femi-
nist critique of architecture. “My argument is that architects are out of touch
with those who use their buildings, and that their professional training is
part of the process that removes them from many of the people they design
for.”® She goes on, “Feminist consciousness among architects would produce
a change in their approach to design, as women designers came to identify
with women using the built environment.”*® One might argue that Darke’s
rereading of her own primary generator concept again foreshadowed move-
ments that would surface decades later —the movement towards empha-
sizing the importance in architecture of focusing on, and empowering, the
building user. However, as we shall see below, the finding most prominently
cited in later design research is Darke’s (re)evaluation of the role played by
subjectivity in architecture,®' rather than her critical stance towards archi-
tects who are limited by incomplete, biased images of building users.??

Citing Darke

As of December 2020, Darke’s 1979 article has been cited a total of 787
times—a number that has exponentially increased as the decades have
passed. The number of citations between 1979 and 1989 was 33; from 1989
to 1999 that number rose to 109; from 1999 to 2009 it increased to 189;
and between 2009 and 2020 the tally has reached 441. This illustrates that
Darke’s work—and the primary generator concept— have not yet reached
their peak in terms of domain impact.

We began by using SCOPUS to identify journal articles that cite Darke’s
1979 article. Our goal was to attempt to identify the reason why the authors’
chose Darke’s ideas to support their research. We categorized the primary
reference arguments put forth in the paragraphs containing the references
and quotations; the categories were extracted from an iterative sorting of
the quoting paragraphs. The second author and a student coder then coded
each citation by category. As might be expected, Darke is often cited (approx.
24% of the total number) for her important contribution to design research,
or for having proposed a now classic model of the design process (generator-
conjecture-analysis). In addition, the general methodology she employed
(interviews; empirical studies of practicing designers) also inspired a fair
amount of citations (approx. 15%). The remaining 61% of citations per-
tained to aspects of the primary generator concept. Different authors, how-
ever, stressed different aspects of it. For example, some citing authors stress
the need to focus on a limited number of constraints early on in the design
process, while other citing authors emphasize the subjective or idiosyncratic
nature of the constraints initially generated. To explore which aspects of
Darke’s primary generator arguments attracted the most scholarly attention
as time went on, we classified the citations according to the core argument
they intended to highlight. The results may be summarized as follows (per-
centage of citations in parentheses):

* In the face of complex design problems, designers actively either need to
focus on a limited/manageable number of objectives (13%),%? or chose to
focus on a self-imposed subjective set of objectives (18%). The subjective
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constraints are cited using labels such as idiosyncratic, self-set, articles
of faith, prejudice, personal interest, preconceptions, value judgment,
self-imposed, and postulations.®*

* The subjectivity of the imposed constraints is the most frequent theo-
retical reference argument put forth when citing Darke; however, as
the labels illustrate, this subjectivity may be conceptualized with either
negative or positive connotations. In many readings of Darke,** sub-
jectivity serves as a liberation of the practicing architect from “optimal
and complete” constraint handling. In other readings (such as Darke’s
re-reading®® of her own prior primary generator concept), subjectivity
entails a biased design approach (e.g., gender-biased, or failing to
account for the diversity of housing users). It is noteworthy that a sub-
stantial number of quotes do not emphasize the subjective nature of
constraint setting, but rather focus on (through arguments mirroring
Herbert Simon) the need to work with a more manageable set of con-
straints when limited cognitive capacity faces complex problems. Both
approaches enable a way into the problem (13%)3’ that may provide sug-
gestions for solutions (6%),%® or serve as an organizing principle (9%)3°
throughout the design process.

» But working with generators also has a possible tlipside: the designers
may try to make their initial framing work at all costs, possibly causing
design fixation (3%).%° As might be interpreted from these numbers, the
enabling qualities of primary generators for conjecturing and organizing
the design process have received more subsequent research attention
than the possible flipside of the coin (such as biases and fixation).

Darke in the Present Day

When her article was published in Design Studies, Darke was employed at
the Department of Architecture at the University of Sheffield. Her study
was grounded in architecture, but the implications of her work branch well
beyond the discipline. The offshoots of her novel conceptualization of the
primary generator seem most clearly discernable in what some might call
constraint research—a rich, interdisciplinary strand of design research. In
her article, Darke uses the term “constraint” just nine times. This is note-
worthy, not only because constraints are pivotal to the neologism she pro-
poses, but also because that specific perspective on constraints is somehow
woven into the understanding of design processes expressed in much of the
design research that came after. Before examining these ramifications to po-
sition Darke’s work in the current landscape of design research, we will take
a small step back to look at the emergence of constraint research. Constraint
research was a theoretical precursor to the design process perspective that
Darke’s work ushered in.

Although Darke’s 1979 article never cites him, Walter Reitman’s*' body
of enquiry into the ontology of problems is, arguably, one of the first major
contributions to constraint research. Working on problem analysis in order
to improve computer programming languages, Reitman argues for a con-
tinuum between well-defined and ill-defined problems. Reitman finds the
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latter “perhaps the most interesting,”*? using the composition of a fugue as a
recurrent example.*? Ill-defined problems are based on what Reitman calls
constraints with “open attributes,” or simply “open constraints,” “whose defi-
nition includes one or more parameters the value of which are left unspeci-
fied.... Open constraints are ubiquitous ... [they] provide definitional slack.
They allow the problem solver to take a new tack on his problem, not by vi-
olating his constraints — though he [sic] may of course do that too—but by
adjusting those parameters of the constraint that are open to him.”** Since
no clear-cut solution path—or obvious “way in to the problem,” as Darke
phrases it*®*—is available to the problem solver, another creative approach
must be explored and adopted. Charles Eastman*® sees the potential in this
way of thinking about the nature of problems, and shortly thereafter builds
upon Reitman’s ideas.

Just six years before Darke’s 1979 article, Herbert Simon expands
Reitman’s understanding of constraints to include “any or all of the elements
that enter into a definition of a problem.”*” This understanding of con-
straints is mirrored in Simon’s earlier thinking, according to which “design
solutions are sequences of action that lead to possible worlds satisfying spec-
ified constraints.”*® The impact of Simon’s rationalistic approach to working
with problems cannot be overestimated. One example of that impact can be
found in the work of Balakrishnan Chandrasekaran, who would posit (vears
later) that “formally, all design can be thought of as constraint satisfaction,
and one might be tempted to propose global constraint satisfaction as a
universal solution for design.”*°

From her point of departure in architecture, Darke offers an alternative
to this influential, computer science-based view on how the designer can
attack a problem characterized by what Reitman calls “open constraints.”*°
Contending with ill-defined problems in a design process, however, is very
challenging. The opening sequence of Sidney Pollack’s®' documentary
Sketches of Frank Gehry illustrates this clearly. The director asks, “Is starting
hard?” to which Gehry laconically answers, “You know itis ...,” and con-
tinues, “I don’t know what you do when you start, but I ... clean my desk. I
make a lot of stupid appointments that I make sound important. Avoidance.
Delay. Denial. I'm always scared that I'm not going to know what to do. It’s
a terrifying moment. And then, when I start—I'm always amazed. ‘So, that
wasn’t so bad,” Gehry’s voice intones, as the camera slowly pans over the
iconic Guggenheim Museum in Bilbao, inaugurated in 1997.

It is exactly this arduous initiation of the design process that Darke®?
focuses on. With (too) many open constraints available to the designer, the
set of solution alternatives becomes equally massive. As Darke’s case studies
illustrate, the architect/designer must make that initiation more cognitively
manageable by learning to “fix on a particular objective or small group of
objectives, usually strongly valued and self-imposed.... These major aims,
called here primary generators, then give rise to a proposed solution or
conjecture.”®® This key quote captures the gist of Darke’s contribution and
heralds the emergence of several subsequent themes in the design literature.

It is interesting to note Darke’s choice of cases in her article. In the title
of the article, she refers to the primary generator,** which corresponds to
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the explicit use of the singular case in her phrase “a way in to the problem.”**
This seems to suggest that the designer makes a single creative decision,
which demarcates their point of entry into, and thus a reduction of, the vast
design space —perhaps to make it less cognitively demanding. In the article’s
conclusion, however, Darke refers to major aims and primary generators®® in
the plural case, which underlines that a primary generator “can in fact be a
group of related concepts, rather than a single idea.”’

At first glance, this discrepancy may seem of marginal interest. In our
interpretation of Darke’s article, however, the casual use of case seems to sug-
gest two rather dissimilar approaches to understanding the very initiation of
the design process. The first is built on a more radical type of creative deci-
sion making: a single, well-defined initial value aim is imposed on the design
problem so that a clear-cut, organizing course of action for the designer
might become apparent. The other is a more interpretative, iterative ap-
proach: the designer imposes a more flexible set of value aims on the design
problem, and remains open to adjust and revise that small group of objec-
tives®® to sustain its generative potential throughout the design process. This
distinction is relevant, because it typically leads to two quite different design
processes and outcomes. We will start by looking at the latter approach.

As Kees Dorst®® notes, Donald Schén®® proposes an alternative to Simon’s
rationalistic approach to tackling the ill-defined problems that Darke’s archi-
tects (for example) face at the very beginning of the design process. By em-
phasizing the reflective practice of design, and that each problem should be
seen as unique, Schon argues that “a ‘problem space’ is not given in the pre-
sentation of the design task,”®" nor by the constraints it encompasses. Rather,
says Schon, the designer “constructs the design world within which he/she
sets the dimensions of his/her problem space, and invents the moves by
which he/she attempts to find solutions.”®? Working with constraints in this
way means reaching a unique problem-solution pairing, a process Schon un-
derstands as problem framing.®* Although Schén, perhaps somewhat surpris-
ingly, never quotes Darke’s article®# in his seminal Reflective Practitioner,®®
his emphasis on the designer’s thought process while working with the
constraints of an ill-defined problem seems quite in line with Darke’s work
four years earlier. This idea of working with—and not around — constraints
becomes critical in later design research on problem-solution co-evolution. ¢
A notable difference to Darke’s work, however, is that her primary generator
concept serves exclusively as the conceptualization of one beneficial starting
point for a design process. The notion of emergent constraints—which only
occur later, and thus require the designer’s attention later in the design
process—is not part of Darke’s original definition. Nevertheless, it is central
in the ensuing literature on problem-solution co-evolution. Empirical process
studies illustrate that designers usually contend with considerable com-
plexity and ambiguity,®” which suggests that co-evolution may be the engine
of creativity in collaborative design.®® Even more recently, Per Halstrom and
Per Galle®® have suggested that the audience of a designed artifact must be
taken into account as well, which thus entails a triple co-evolution.

Although Darke’s 1979 article is less frequently cited in psychology-based
creativity research, there is an additional parallel with studies into the work
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on problem construction.”® In this body of creativity research, problem rep-
resentations are “knowledge structures based on problem-solving.””' Among
four given types of relevant information intrinsic to these structures, two
are of particular interest in the light of Darke’s work, namely “information
required to define and solve the problem,” and “constraints and restrictions
on the problem-solving effort.””? Although Darke’s article’® is not cited in
that specific paper,”* we would argue that this particular take on problem
conceptualization implicitly draws on the novel theoretical perspective that
she introduces—how constraints cannot only be mapped, but, more impor-
tantly, how they might be fruitfully managed at the very initial stage of a
design process whose boundaries are ill-defined. During early-phase con-
straint management, Darke’s primary generator concept highlights the im-
portance of subjectivity in decision making and prioritization of constraints
in creative problem construction. As opposed to general decision-making
theory on options management, which has shown that in many situations
people tend toward even allocation over the available options,”® the primary
generator emerges as the designer allocates more attention to specific con-
straints not just to minimize choice overload, but also as a means of maxi-
mizing subsequent choice possibility. We will return to this point shortly.

As mentioned, the above interpretation of Darke’s article puts emphasis
on her use of primary generators (in the plural). But if we take the title of
her article at face value, then establishing a single primary generator—as
opposed to “a group of related concepts””® may reveal some unique poten-
tial. Although Darke never uses the term itself, it does seem that having a
single primary generator may become decisive for the ensuing design pro-
cess. The legacy from Darke is thus evident in later work looking at imposed
constraints as desired turning points in a creative design process. This is
most evident in Michael Mose Biskjaer and Kim Halskov’s?” notion of deci-
sive constraints. The expression plays on the word “decisive” as it relates to
the decision making process— “decisive” is to decide, in this case, as “cre-
ative” is to create—which mirrors Darke’s focus on the designer’s active role
in the framing of the design space. It also incorporates the more traditional
sense of “decisiveness” —the imposed constraints become catalysts and thus
turning points that push the design process in a new, organized direction.

To us, this fundamental perspective on constraints as both instrumental
to the shape of the initial design space’® and as creative catalysts is one of
the key contributions of Darke’s 1979 article. As Margaret Boden said later
on, “Constraints on thinking do not merely constrain, but also make certain
thoughts—certain mental structures—possible.””? This view implies the
importance of understanding and assuming responsibility for the freedom of
creative decision making right from the moment the design process begins.
As Johnson-Laird clearly states, “to be creative is to be free to choose among
alternatives.”®® The question is, however: which alternative(s)? Following
Reitman®' and Simon,®? Darke acknowledges that constraints are a neces-
sary part of any creative process; however, the central point she raises is
that “designers do not start with a full and explicit list of factors to be con-
sidered.”®® Instead, designers “have to find a way of reducing the variety of
potential solutions to the as yet imperfectly-understood problem.”®* When
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the (ill-defined) design space is characterized by many open constraints,®*
which in turn prompt numerous potential solutions, the designer faces
another type of responsibility: they must embrace and translate the enabling
potential of applying those constraints. Darke hereby points to the impor-
tance of both understanding and actualizing the creative freedom inherent
in the liberating subjective reading of the concept of a primary generator.

As Isaiah Berlin®® famously argued in 1958, freedom can be considered
either negative or positive, which more colloquially can be understood as
freedom from versus freedom to, respectively. Although Berlin’s proposition
was a cornerstone of postwar political philosophy, that distinction between
the two types of freedom resonates with the understanding of constraints
in design research that Darke’s novel concept ushers in. Rather than cham-
pioning the idea that constraints are best worked around or avoided alto-
gether—freedom from constraints—Darke presents the idea that working
with constraints in fact entails a freedom and thus a creative potential of its
own. Her primary generator captures the insight that designers necessarily
also have the freedom to impose constraints and deploy them as a creative
resource as they initiate a design process that already presents many open
constraints. The idea that these constraints restrain, by definition, and also
have the potential to enable freedom is not in itself novel; however, up until
Darke’s article was published, this critical insight had mainly been conveyed
through artworks and anecdotes. A famous example is Goethe,®” who in his
poem, “Natur und Kunst” states that, “He who’d do great things must display
restraint; The master shows himself first in confinement, and law alone can
grant us liberation.” Decades later, Igor Stravinsky arrives at a related insight
when explaining his view on creative (positive) freedom and the generative
potential of constraints.

“My freedom will be so much the greater and more meaningful the more nar-
rowly I limit my field of action and the more I surround myself with obstacles.
Whatever diminishes constraint, diminishes strength. The more constraints
one imposes, the more one frees one’s self of the chains that shackle the
spirit.”®®

Darke manages to move beyond such anecdotal evidence, fascinating as

it may be, and instead introduce a simple, efficient, empirically based
explanatory concept to capture this insight into the generative potential

of applying constraints as a resource. The creative (positive) freedom to
choose is here unavoidable, and as Boden explains, “Even someone who
accepts all the current constraints without modification will have a choice
at certain points—sometimes, a random choice will do.”®® More recently,
Janet McDonnell has continued this line of thinking by focusing on “the
relationships between the decisions that are made that can be construed as
imposing enabling constraints, and the creative potential which is thus set in
place once a regime is decided upon”®°. While Darke remains a little vague
about the ontological status of primary generators by recurrently referring
to them as “objectives”®" or “an article of faith on the part of the archi-
tect,”®? McDonnell is more specific in her conceptualization of “enabling
constraints.” McDonnell defines them as “devices, arbitrary, pragmatic,
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aesthetic and other which artists or designers impose to create coherence

in a work or to create a discipline for the working process.”®* This more
detailed definition thus captures more of the intrinsic complexity of pri-
mary generators and brings to the fore how primary generators both affect
the work (artifact) as well as the process itself as two core components of
creativity.®* McDonnell here implicitly points to the possibility of domain-
specific differences in the application of such enabling constraints. Perhaps
some design domains might lend themselves better to the application of a
primary generator? And others might be better characterized using the con-
cept of problem-solution co-evolution? Since Darke does not address this in
her article, we will refrain from any conjecture. Instead, we will suggest it as
an idea for further studies, as Darke’s observation of the enabling potential
of constraints in creativity continues to attract attention.®®

Another interesting aspect of Darke’s quote cited in full above is her use
of the term “self-imposed,”?® which implicitly suggests a typology of con-
straints. In her article, Darke thanks her colleague, Bryan Lawson, for his
advice, and she references his doctoral thesis, which had come out seven
years earlier. This connection is interesting, since Lawson published his
book How Designers Think®’ —including a novel constraint model —just
a few years after Darke’s article was published. Comprising thirty-two
boxes, Lawson’s cube-like model®® offers a comprehensive overview of
some of the key challenges (constraints) for in vivo architectural design
problems, but notably does not really address the theme of voluntarily
imposing constraints, which Darke had invoked earlier. Patricia Stokes®®
later embraces this idea of self-imposition of constraints and shows its
relevance across various creative domains, but without offering an elabo-
rate typology. The most comprehensive typology of constraints that shares
a kinship with Darke’s work is arguably Jon Elster’s book Ulysses Unbound,
which from its foundation in social science and political theory presents the
idea of “beneficial constraints,” and especially what Elster calls “essential
constraints”— “constraints that an agent imposes on himself for the sake
of some expected benefit to himself.”°°? This leads Elster to propose a basic
distinction between intrinsic, imposed, and self-imposed constraints, where
the latter must be interpreted as initiatives individuals (such as designers)
undertake to generate an expected benefit to themselves. This benefit could
therefore be that elusive “way in to the problem”'®? to “create a discipline for
the working process.”'®? Although neither Stokes nor Elster reference Darke,
the legacy of the primary generator concept seems to have spread to non-
design specific disciplines. Among the most comprehensive treatments of the
generative potential of self-imposed constraints across creative disciplines is
the work of Biskjaer."**

When tracing the legacy of Darke’s article, it becomes clear just how
progressive the primary generator concept really was. Ironically, some of
the later theorizations within and pertaining to constraint research that
have the strongest kinship with Darke’s way of thinking rarely reference
her work explicitly. Although she never addresses this point directly, Darke
does seem to suggest that whatever a designer deems comfortable—in
terms of the amount of pressure from the constraints exerting an intluence
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at the initiation of a design process—is individual. In her conclusion,
Darke stresses that the designer uses subjective judgment'® to select the
strongly valued, self-imposed objectives they use to inform and initiate the
design process. Two decades later, Martin Stacey and Claudia Eckert'®*
pick up this theme in their proposition of under-constrained versus over-
constrained creative problems as a loosely defined continuum, stressing
that neither extreme is conducive to creativity. Informed by Darke’s work
and the idea of a continuum, Balder Onarheim'®® demonstrates how indus-
trial designers undertake various creative constraint management strate-
gies to alleviate constraint pressure and initiate the design process. At the
other end of the continuum, Biskjaer'®” has shown how artists, designers,
and other creative professionals introduce constraints in order to increase
constraint pressure, which, if too low—and the creative problem thus too
under-constrained — might lead to the paradox of choice'®® in which even
establishing a primary generator can seem nearly impossible. This idea

of attaining a level of not too much, not too little constraint pressure has
prompted the idea of a sweet spot of constraint pressure.'®® This theoretical
proposition has been presented as an inverted U-shape, where an individual’s
perceived potential for creativity (y-axis) is a function of a creative problem’s
level of constraint pressure (x-axis). The goal for creative individuals such

as designers is therefore to locate and enter into their own creative ‘sweet
spot’ by either alleviating constraint pressure through various strategies if
the creative problem at hand appears (too) over-constrained or, conversely,
if it is (too) under-constrained, introduce additional constraints in the form
of one or more primary generators, which serve as enabling constraints.™®
Interestingly, Elster' intimated the idea of such an inverted U-shape based
on constraint pressure, but never followed up on this idea. As Karl Teigen'?
points out, research in psychology in particular has seen several proposals
of inverted U-shapes, not all of which have been demonstrated empirically.
Even so, Biskjaer and his colleagues'? recently studied how varying levels
of task constraints (as design briefs) affect inspiration search strategies as
“ways into the problem,”"* and the team found some empirical support for
the idea of a sweet spot of creativity. Four decades since its introduction,
Darke’s primary generator concept is still attracting attention from design
researchers, which is a testimony to the continued relevance and impact of
this seminal contribution to the history of design research.

Conclusion

Four decades of design research later, Darke’s 1979 journal article on the
construct of the primary generator has become a design research classic, and
it now seems clear that her work may be read through several distinct theo-
retical lenses. In a revaluation of subjectivity in design, Darke described the
primary generator as an imposed focus on a limited set of —typically subjec-
tively valued — constraints, and as a way into the problem for the architect.
In the light of later works and developments, we have tried to illustrate how
the concept of the primary generator has been read and theorized both as a
more or less random starting point within a subset of task constraints to be
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iteratively adjusted subsequent to conjecturing, and as a subjectively valued
organizing principle that drives the design process. Darke’s concept may also
be read both as a liberating force of subjective creative freedom for the archi-
tect, and as a subjective source of bias and fixation that the architect may be
unwilling or unable to later escape and move beyond.

Although Darke’s article is rooted in architectural design, tracing its
legacy through four decades of design research has shown just how influ-
ential her article was in its anticipation of the epistemic turn that design
research would take up through the 1980s by moving beyond a mainly
rationalistic paradigm. In this article, we have argued that Darke’s thoughts
on the malleability of the design space and the very initiation of the creative
design process by imposition of constraints have been critical in the evo-
lution of what we call constraint research, which denotes a rich strand of
interdisciplinary design research. We have attempted to illustrate just how
influential the primary generator concept, and Darke’s understanding of
the design process itself, has been in the design literature that came after.
We have no doubt that Darke’s work will continue to inspire and inform
new contributions to design research in general, and constraint research in
particular, and we hope that both new and existing readers will agree with
us that Darke’s primary generator article definitely deserves a second look.
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