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Linkographic Evidence for Concurrent Divergent and

Convergent Thinking in Creative Design

Gabriela Goldschmidt

For a long time, the creativity literature has stressed the role of divergent thinking in creative
endeavor. More recently, it has been recognized that convergent thinking also has a role in
creativity, and the design literature, which sees design as a creative activity a priori, has
largely adopted this view: Divergent and convergent thinking are seen as occurring in cyclic
phases within the design process. Neurological evidence suggests that frequent shifts between
defocused and focused attention to stimuli in memory activation, which equate divergent and
convergent thinking, are a hallmark of creative thinking. In this article, we use linkography to
show that the shifts between divergent thinking—forelinking of design moves, and convergent
thinking—backlinking of moves, are so frequent that at the cognitive scale they can be seen as
occurring concurrently in the ideation phase of creative designing. It is proposed that in
assessments of creative potential, shifts between divergent and convergent thinking should be
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the yardstick instead of, or alongside measurements of divergent thinking.

Many researchers subscribe to the view that people use two
modes of reasoning, indeed two ways of thinking that serve
them in everyday life, as well as in specialized problem
solving. Different terms have been used to describe the
two modes. In an overview paper, Evans (2008) pointed
out that there are various theories of dual processing types,
systems, or modes of reasoning, not all of which are com-
patible with one another, as their attributes cannot necessa-
rily be mapped onto two generic categories of processing.
Kahneman (2011), along with other researchers, sees them
as fast and slow systems, respectively. The former is mostly
intuitive, automatic, based on memory and emotion; the
latter is reflective and rational, calculating consequences.
Sloman (1996) talked about an associative, similarity-
based system versus a symbolic, rule-based system. The
associative system makes use of visuals when relevant (as
in design); the rule-based system specifies rationale. Evans
(e.g., 2008; Evans & Stanovich, 2013) described in detail
the various theories and the attributes of the two systems,
types or modes of processing, and responded to criticism

launched against them, stressing that he does not assume the
existence of two distinct systems, but rather of various
combinations of attributes’.

In the context of neurology, Gabora (2010) talked about
associative thought and analytic thought wherein the former
tends to be intuitive, divergent, and “conducive to unearthing
remote or subtle associations between items that share fea-
tures or are correlated but not necessarily causally related.
This may lead to a promising idea or solution, although
perhaps in a vague, unpolished form” (Gabora, 2010, p. 2).
In contrast, analytic thought is rule-based and convergent,
and is “conducive to analyzing relationships of cause and
effect between items already believed to be related” (Gabora,
2010, p. 3). Basadur (1995) used the terms ideation and
evaluation to describe the scope of the spectrum Gabora
referred to, and related them to divergent and convergent
thinking. Goel (2014) talked about lateral and vertical trans-
formations in thinking that he explicitly identified with diver-
gent and convergent thinking. Indeed, most researchers who
described two reasoning and thinking modes used the terms

Correspondence should be sent to Gabriela Goldschmidt, Faculty of
Architecture and Town Planning Technion — Israel Institute of Technology
Haifa, Israel 32000. E-mail: gabig@technion.ac.il

Color versions of one or more of the figures in the article can be found
online at www.tandfonline.com/HCRJ.

! Despite Evans and Stanovich’s (Evans & Stanovich, 2013) analysis of
the various terms and their preference for types of processing, 1 find modes
of thinking more appropriate in the current discussion. However, I strongly
disagree with these researchers’ claim that modes are cognitive styles that
are manifest within Type 2 thinking.


http://www.tandfonline.com/HCRJ

116  G. GOLDSCHMIDT

TABLE 1
Attributes of two modes of thinking

Mode 2 (Roughly

Mode 1 (roughly Divergent) Convergent)
Basadur Ideation Evaluation
(1995)
Sloman Associative, similarity-based Symbolic, rule-based
(1996)
Gabora Associative: intuitive Analytic: rule-based
(2010)
Kahneman  Fast: Intuitive, based on memory Slow: Rational,
(2011) and emotion calculating
consequences

Goel (2014) Lateral transformations Vertical transformations

divergent and convergent thought; other appellations of dual
thinking modes, such as systems and most commonly types,
may be regarded as roughly corresponding to divergent and
convergent thinking. Table 1 summarizes the examples cited
previously. As mentioned, a more elaborate table can be
found in e.g., Evans (2008).

DIVERGENT AND CONVERGENT THINKING

One of the many definitions of divergent thinking is “thinking
that moves away in diverging directions so as to involve a
variety of aspects and which sometimes lead[s] to novel ideas
and solutions; associated with creativity” (The Free
Dictionary, “Divergent thinking”). Convergent thinking is
demarcated as “thinking that brings together information
focused on solving a problem (especially solving problems
that have a single correct solution)” (The Free Dictionary,
“Convergent thinking”). A predominant neurological account
of the two modes of thought hinges on memory activation
patterns in the brain when attention is directed to stimuli.
Gabora (2010) explained that divergent (associative) thought
is based on defocused attention and convergent (analytic)
thought is related to focused attention. Defocused attention
corresponds to a high level of neuron activation and leads to
a flat pattern, that is, activation is distributed across overlap-
ping locations in the relevant region of neurons. Conversely, in
focused attention, memory locations are activated that are
farther from one another, resulting in a spiky pattern. Shifts
between focused and defocused attention are controllable,
unlike many other aspects of memory activation. Goel
(2014) advanced another, but compatible, explanation, based
on different transformations that occur in the right and left
prefrontal cortex. Lateral transformations support divergent
thinking, whereas vertical transformations sustain convergent
thinking. In support of this assertion, Goel cited an fMRI study
by Ellamil, Dobson, Beeman, and Christoff (2012), which
compared generative (divergent) and evaluative (convergent)
phases of creative design. The results confirm Goel’s claim.

The interest in divergent and convergent thinking originates
mainly from the study of creativity, wherein for a long time
divergent thinking got, and still gets, the lion’s share of atten-
tion, as it has been seen as the hallmark of creative thinking
(e.g., Finke, Ward, & Smith, 1992; Mednick, 1962). Many
psychometric creativity tests also center on divergent thinking
(e.g., Torrance, 1974, 1988); as put by Plucker and Renzulli
(1999): “Divergent thinking tests historically occupy nearly
the entire creative process spotlight” (p. 41). Now there is a
new generation of divergent thinking tests (e.g., Auzmendi,
Villa, & Abedi, 1996; Urban & Jellen, 1996) that unpack
divergent thinking into its constituent attributes such as flu-
ency, originality, flexibility, and elaboration (Runco & Acar,
2012). Today, however, there is a wide acceptance that crea-
tivity demands not only divergent thinking, but also conver-
gent thinking, which is not extensively studied. In this article,
we treat both divergent and convergent thinking holistically,
with no regard to their attributes, whose study belongs in a
different framework.

CREATIVITY INVOLVES DIVERGENT AND
CONVERGENT THINKING

Researchers who acknowledge the need for both divergent and
convergent thinking often propose that they encompass dis-
crete phases of creative processes (e.g., Ichino, 2011). Runco
(1991) observed: “The evaluative [convergent] component of
the creative process has received very little attention, ... This is
surprising because it is a vital constituent of the creative
process, and is required whenever an individual selects or
expresses a preference for an idea or set of ideas” (p. 312;
see also Runco, 2007; Runco & Acar, 2012). Goel (2014) is of
the same opinion. Vidal (2010) quoted Leonard and Swap
(1999), who described the creative process (in groups) as
comprising five steps, of which the third is divergence: gen-
erating options, and the fifth is convergence: selecting options
(step four in between is incubation). However, Vidal acknowl-
edged that the process involves “cycling repeatedly through a
process of divergent and convergent thinking” (p. 412). In
design, the dual mode has been a prominent view, embedded
in various models of the design process (e.g., Cross, 1994;
Fricke, 1996; Pugh, 1991; Roozenburg & Eekels, 1995).

The notion of repeated cycling between the two modes of
thinking has been gaining increasing support in the work of
leading researchers. Perkins (1981) proposed intuitive and ana-
lytical processes in creative thought, which are equivalent to
divergent and convergent thought, and added that “the two
strategies could occur mixed in behavior” (p. 105), despite the
fact that they are usually discussed separately. He went on to
state that “inventive people are mode shifters [between diver-
gent and convergent thinking]” (Perkins, 1992, p. 249). Gruber,
a renowned creativity scholar who studied the lives of promi-
nent creative individuals, rejected the emphasis on single
inspirational moments and looked, instead, at “many moments



of insight that occur in the course of a creative effort” (Gruber &
Davies, 1988, p. 244). Elsewhere, Gruber (1980) said,
“Interesting creative processes almost never result from single
steps, but rather from concatenations and articulation of a com-
plex set of interrelated moves.” (p. 177). As mentioned earlier,
Gabora (2010) turned to neuroscience to shed light on creative
thinking, and concluded that mode-shifting is essential to crea-
tivity. Runco and Basadur (1993) stressed the need for both
ideational skills (divergent thinking) and evaluative accuracy
(convergent thinking), in addition to appropriate attitudes, in
creative performance. They also believed that skills and accu-
racy can be improved by training. Basadur, Wakabayashi, and
Graen (1990) endorsed the view that creativity is multifaceted
and added, “Creative problem solving is a complete process
involving several particular phases synchronizing divergent and
convergent thinking in each phase” (p. 166). Linhares, Freitas,
Mendes, and Silva (2012), who studied chess playing, found
evidence that pattern recognition and rational forward search,
which are not far from convergent and divergent thinking,
respectively, are deeply entangled, which may suggest a similar
entanglement of systems in other instances of problem-solving
thinking, such as designing.

In the design literature, Tversky and Chou (2010) took it for
granted that thinking both divergently and convergently is
needed to succeed in designing. Liu, Blight, and Chakrabarti
(2003) advanced the notion of multiple divergence-conver-
gence throughout the design process, and Dong (2007) talked
about cycles of convergence and divergence on the way to a
coherent design concept. Dym, Agogino, Eris, Frey, and Leifer
(2005) argued that design thinking entails inquiry that
“includes both a convergent component ... and a divergent
component” (p. 105). This inquiry is “an iterative loop of
divergent-convergent thinking” (p. 104). The expanse of
cycles of divergent and convergent thinking differs in the
various studies, but no specific extents are indicated. None of
the researchers went as far as suggesting instantaneous shifts
between the two modes of thinking. In what follows, we
propose that the two modes of thinking occur virtually con-
currently in the design process, and we use linkography to
explicate this proposal.

LINKING DESIGN MOVES FORWARD AND
BACKWARD CORRESPONDS TO DIVERGENT AND
CONVERGENT THINKING

To study the process of design thinking, one must capture it
with high fidelity. The closest researchers can approach it is by
documenting verbalizations of designers during the process of
designing. This is precisely the procedure in protocol analysis:
A group conversation or an individual thinking out loud is
recorded; the recording is transcribed and then parsed into
segments that become the units of analysis. If one is interested
in the cognitive scale, these units are rather small—TI call them
design moves. In the case of an individual, the average length

DIVERGENT AND CONVERGENT THINKING IN DESIGN 117

of a design move is around 7 sec (Goldschmidt, 2014). In
regular protocol analysis studies, moves (or other segments)
are encoded according to a scheme of categories and the results
are submitted to analysis. I choose to treat protocols differ-
ently: I look at links that moves form among each other. This
approach is in line with Gruber’s claim that creative processes
hinge on a complex set of interrelated moves (1980). The
question: “Is there a link?” is asked for every pair of moves;
for n moves it is asked n « (n — 1) / 2 times. The basis for
judging whether a link exists is the contents of the two moves,
and the judgment is made using common sense and sufficient
expertise regarding the discipline and the design task. Links
are notated in a graph called a /inkograph (e.g., Goldschmidt,
1995, 2014); see Figure 1.

When establishing links, researchers match each move
with every preceding move to determine whether a link
between them exists. A link that is thus established is called
a backlink, as it points back in time—one links backward
from a given move to a move made earlier in time. After the
fact, one may talk about a virtual forelink between the
earlier move and the current move, which is made later in
time. For example, if a researcher finds a link between move
m and an earlier move j, it will be m’s backlink to j. The
same link is move j’s forelink to move m. Forelinks are
virtual because at the time that the earlier move (e.g., move
j) is generated, no subsequent moves are in existence yet,
and therefore one cannot know in real time whether or not
move j will be linked to a later move (e.g., move m).
However, with hindsight, one can talk about forelinks.
Researchers treat real (assessed) backlinks and virtual
(derived) forelinks as equals. Forelinks are of great signifi-
cance, as [ show presently. Here is an example.

Figure 1 shows a linkograph in which only the links gen-
erated by move 5 (backlinks and forelinks) are notated. It
pertains to a vignette from a team design process of a bicycle
rack for a specific backpack, generated for the Delft Protocol
Workshop (Cross, Christiaans, & Dorst, 1996). The transcript
of the linked moves reads as follows:

Move 5 ‘Cos it would be nice I think I mean just from a
positioning standpoint if we’ve got this frame outline and
we know that they’re gonna stick with that you can vacuum
form a tray or a

In move 5 the rack’s description as a tray is confirmed,
after the team had considered other solutions (bag, net with
a drawstring, etc.). The tray concept, or metaphor, first
proposed in move 3, guided the further development of
the design. Move 5 links back to moves 3 and 4 (which
have forelinks to move 5):

Move 3 So it’s either a bag or maybe it’s like a little
vacuum-formed tray kinda for it to sit in

Move 4 Yeah a tray that’s right
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Move 5 forelinks to moves 6, 8, 10, 13, 15, 23, 27 and 37
(which, in turn, link back to move 5):

Move 6 Right, or even just a small part of the tray, or I guess
they have these

Move 8 Maybe the tray could have a plastic snap features in
it so you just like kkkk snap your backpack down in it

Move 10 It’s a multifunction part huh

Move 13 1t takes care of the easy it takes care of the rooster
tail problem of your pack

Move 15 Maybe it could be part maybe it could be a tray
with a with net and drawstring on the top of it

Move 23 So what we’re doing right now, though, is we’re
coming up with, like again, classifications of solutions of
kind of all; they’re all either/or things; I mean we wouldn’t
do the net and the shade and the snap in with the tray; either
or any one of those probably

Move 27 1 think tray is sorta a new one on the list it’s not a

subset of bag; it’s kind of er yeah but oh yeah yeah yeah oh
I see shade straps is how do you dress the straps on the back

Move 37 You have a the tray would zip clip

One can see that in this vignette, move 5 has two back-
links and eight forelinks. One can establish a threshold
number of links (e.g., six links, but never fewer than three
links), and moves that reach at least this number of links
either forward or backward are called critical moves (CMs).
We distinguish between CMs due to a large number of
backlinks (<CMs) and Cms owing to a large number of
forelinks (CMs>). In rare cases, a move is found that boasts
a large number of links in both directions (<CM>). Critical

Backlinks and forelinks of move 5 notated in a linkograph.

moves are of special interest because they are prime con-
tributors to a high level of interconnectivity of moves,
which is how a design synthesis is achieved. The threshold
for the establishment of criticality is flexible and depends on
the nature of the study. In the linkograph in Figure 1 note
that above move 5, a forward mark (>) is indicated at the
level of CM?*, CM> and CM®, that is, at thresholds of four,
five, and six forelinks. Because the move has eight fore-
links, the same mark would appear if the CM lines were
calibrated to include that threshold level.

I claim that forelinks are manifestations of divergent
thinking and backlinks are indications of convergent think-
ing (Goldschmidt, 2014). This is exemplified in the vignette
from the bicycle rack design, which shows that backlinks
stand for appraisal, evaluation, and confirmation. In con-
trast, forelinks stand for steps forward, the consideration of
more options and possible solutions, further development.
The observed duality shows that in creative design both
divergent and convergent thinking are needed. I subscribe
to the claim that they occur all but concurrently. To illustrate
this claim, this study concentrates on CMs because they are
the most significant moves in a design process: If one
believes that links among moves create the network that
leads to a design synthesis, then it follows that moves with
a large number of links, that is, CMs, are of special impor-
tance. To test the notion that convergent and divergent
thought in creative design are contemporaneous, we
advance the following two propositions:

Proposition 1: A process of designing that is considered
creative displays a balance between CMs due to a high
number of forelinks and CMs due to a high number of
backlinks.



Proposition 2: CMs have a majority of links in the direction
that corresponds to their designated criticality (forward or
backward), but they also have links in the opposite
direction.

The next section presents evidence from empirical stu-
dies to support these propositions.

EMPIRICAL EVIDENCE

Data from several empirical studies are used to report findings
that pertain to the ratio of <CMs to CMs>, and the percentage
of backlinks and forelinks within the two kinds of critical
moves. The data are derived from Goldschmidt (2014).

Ratio of <CMs to CMs>

The two main studies used are the aforementioned Delft bicycle
rack design and a study conducted at MIT, in which individual
participants looked at the impact of different optional entry
locations on the design of a small library. The participants
were architects and architecture students of various standing,
including some highly regarded experts.” The Delft designers,
an individual mechanical engineer and a team of three industrial
designers, were all experts (Cross, 2011). [ use cumulative mean
values, as well as particular cases, to exemplify my stance.
Table 2 lists proportions of <CMs and CMs> at a number of
thresholds in various studies. Note that the proportions vary
somewhat across thresholds. It is important to note that the
total number of critical moves in a sequence can make a differ-
ence; if this number is very low, the results may be skewed.
Due to the different thresholds and different lengths of
sequences (lengths of protocols), I cannot average the

TABLE 2
Ratio of CMs> to <CMs
Study Threshold CMs %CM> % <CM
Delft team CcM® 71 54 46
Delft team cM’ 37 57 43
Delft individual cM’ 14 57 43
MIT Glenda cM* 9 44 56
MIT Martin cm? 10 60 40
MIT Gideon cm* 8 87 13
Across various studies* — 225 59 41

* “Various studies’ also include results from additional studies, not
articulated here.

2The study was headed by Donald Schon and William Porter in the
Architecture Department at MIT, with the support of National Science
Foundation grant #8611357-DMC.
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percentages in Table 2, but with the exception of one case,
MIT Gideon, the proportions tend to be quite balanced, with
more CMs> than <CMs in most cases (MIT Glenda is an
exception). Gideon, a graduate student who participated in
the MIT study, generated far more CMs> than <CMs. Not
surprisingly, he was one of two weak and uncreative
designers (see Goldschmidt, 2014). The exceptions Gideon
and Glenda were also the ones with the lowest number of
CMs, which may have affected their results. If one looks at
the cumulative result across various studies, one finds that the
ratio of CMs> to <CMs comes close to 60:40, which is also
the ratio found for Martin, a prominent European architect,
and which resembles the ratio in most other studies. This
suggests that in creative design, one finds more divergence
than convergence but the proportions, which appear to remain
rather stable, also boast a fair amount of convergence.

We can further inspect CMs>:<CMs ratios by looking at the
performance of the members of the Delft team (lines 1 and 2 in
Table 2), Kerry, Ivan and John. Table 3 gives this information,
for two criticality thresholds: six and seven links.

For team members Ivan and John, the ratios revealed in
Table 3 resemble and corroborate those in Table 2 (Delft
team). At the level of CM®, their ratios are close to 60:40.
At the high level of CM’ the proportions are less clear-cut,
but CM’s> still prevail over <CM’. Kerry is an exception:
She makes more <CMs than CMs>, at a similar, but
reversed ratio (in this, she resembles Glenda in Table 2).
Her performance in this vignette is explained elsewhere, as
part of an account of the team’s work (Cross & Clayburn
Cross, 1995). Here the data are used to further strengthen
the finding that, in most cases, divergent and convergent
thinking, as manifest in CMs> and <CMs, tend to be rather
balanced, with an advantage to divergent thinking. This
advantage is typical of the idea generation phase of design,
and more generally of “work classified as more problem
finding in nature” (Basadur, 1995, p. 63). Overall, these
findings confirm proposition 1.

Distribution of Links Generated by CMs

Thus far, I have looked at CMs only in terms of the direc-
tion that won them criticality. However, in addition to links
in the dominant direction, most critical moves (and moves
in general) also have links in the opposite, nondominant
direction. For example, move 5 in Figure 1 is critical owing

TABLE 3
Contribution of CMs> and <CMs by Team Members
Team member CM’s  %CM>  %<CM CM’s %CM> %<CM
Kerry 23 43 57 11 45 55
Ivan 33 58 42 12 67 33
John 30 57 43 20 55 45

* Protocol units 32-37.
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TABLE 4
Distribution of links in CMs
% % % %
Study Threshold CMs> links> <links <CMs <links links>
MIT cm* 24 76 24 12 76 24
Delft Indiv. oM’ 11 78 22 8 80 20
(sample)
Delft team cM’ 33 77 23 28 80 20
(sample)
Additional cM*® 28 81 19 16 79 21
study 1*
Additional CcM*® 34 83 17 26 82 18
study 2*
Additional M’ 3 74 26 2 83 17
study 3*
Total — 133 79 21 92 80 20

*Additional studies were carried out by graduate students as part of
their theses at Technion and at TUDelft.

to eight forelinks, but it also has two backlinks. I now look
at the proportion of links that critical moves generate in both
directions. Table 4 presents data from several studies, using
various criticality thresholds.

What these results tell is very interesting. When a move is
generated that has many forelinks, it is designated as a CM>.
However, it also generates backlinks: Around 80% of the
move’s links are forelinks and the remaining 20% are back-
links. Move 5 in Figure 1 is an example of this ratio, with
eight forelinks and two backlinks. Likewise, a move that is
defined as a <CM has a majority of backlinks, but also some
forelinks, and here too the ratio is 80:20. This means that
although a designer or a design team ideates, that is, comes
forth with a new idea that would be further developed in
subsequent moves (which backlink to it), the designer
reserves some attention to evaluative activity and affirm (or
question) what has already been done. Similarly, when the
designer is busy analyzing and assessing something that has
already been suggested, some of the attention is set aside to
envision future development and new options. If one accepts
the notion that forelinks, which are virtual, are as valid as
directly assessable backlinks, then these results are evidence
of the concurrence of divergent and convergent consideration
in design thinking. The designer plans ahead while also
making sure that continuity with past development is main-
tained; he or she ascertains that prior work is valid while
preparing for more development. The integrity of the design
effort is thus upheld while the effort to arrive at the best and
most novel possible solution continues. The results presented
in this section confirm proposition 2.

DISCUSSION

Current literature says that in creative work, and design in
particular, frequent shifts between divergent and

convergent thinking are necessary. From a neurological
point of view, such shifts can occur if the mind is flexible
enough to oscillate between focused and defocused atten-
tion to stimuli (Gabora, 2010). Focused attention is paid
to what is already there, which in linkographic terms
translates to links backward. Defocused attention allows
attention to wander, to imagine what is not yet there, what
may be possible. In linkography, this translates to links
forward. Linkography makes it possible to measure these
modes of thought by counting critical moves and their
links in both directions. I have illustrated that in the
conceptual stage of design problem solving, there is
more divergent thinking than convergent thinking, with a
ratio of up to 60:40, but both modes are present through-
out the process. The preference for divergent thought is
not surprising, given the fact that I focussed on the early
idea-generation phase of designing, which is considered to
be the most creative part of the design process. This phase
is commonly seen as one in which problems are structured
and defined, in parallel to the generation of solution ideas
(Dorst & Cross, 2001). Accordingly, more ideation, that
is, divergent thinking, is expected (Basadur, 1995).
Furthermore, I have shown that in a thinking unit like a
move, lasting about 7 sec, the two modes of thinking
coexist. Most of the attention—80%—is invested in one
mode of thinking, divergent or convergent, but part of it—
the remaining 20%—is concurrently reserved for the
other, complimentary mode, to ensure that the design
holds together and progress is safeguarded.

The interest in divergent thinking as a major indicator, or
predictor, of creative potential has led to research of its
attributes and their measurement, which continues today.
Convergent thinking has elicited much less interest as it
was, and sometimes still is, seen as mundane and of little
consequence for creativity. Historically, the study of diver-
gent thinking started before neuroscience and neurocogni-
tive science have illuminated the two modes of thinking
from a different perspective, and at a different scale, invol-
ving much smaller thinking units. Linkography is a simple
method that allows one to map the structure of design
thinking in terms of networks of moves and links among
them. Given the short duration of moves, the scale research-
ers work at is somewhere between whole phases of creative
work and the neurocognitive scale of milliseconds. Because
I equate the linking among design moves to manifestations
of divergent and convergent thinking, I can measure them
without recourse to their attributes. If one coded moves, or
links (or both), with category schemes that pertain to attri-
butes of thinking, one could also elaborate on those attri-
butes. However, I believe that the manifestations of
attributes are largely contingent on extraneous factors such
as individual differences and especially the nature of the
task, and therefore this study excludes allusion to attributes.

In a time unit of a few seconds like a design move, the
concurrence of divergence and convergence suggests that



neurocognitive tools are required to articulate further the
remarkable mode shifting mechanism that is activated when
creative designing takes place. As a result, it is proposed that
instead of focusing on the measurement of divergent thinking
to assess creativity, or alongside such measurements,
researchers should start measuring shifts between divergent
and convergent thinking, at least as far as design thinking is
concerned but probably in other creative activities, as well. At
the cognitive scale at which the work in this study is pre-
sented, I have shown elsewhere that in design, shifts between
modes of thinking specified in terms of embodiment (physi-
cal attributes) and rationale (reasons for choice of attributes)
are very frequent (Goldschmidt, 2013). It is time now to
show that shifts between divergent and convergent thinking
at the neurocognitive scale are so frequent that at the slightly
slower cognitive scale, these two modes of thinking may be
considered concurrent. It is hoped that collaborative work
between researchers in design and neurocognitive science,
like that pioneered by researchers like Goel (2014) and
Ellamil et al. (2012), will continue to elucidate this intriguing
human capacity.
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