International Conference on Literature, Humanities and Social Sciences (LHSS-17) Jan. 23-24, 2017 Manila (Philippines)

Working Memory and Flexibility in creative
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inappropriate problem space resulting directly from the
original formulation of the problem. Experimentally, the
researchers isolated two phases: (1) initial searching of the
problem space, and (2) the restructuring of the task. The
obtained results indicated significant participation of WMC
in solving insight problems, insofar as both phases were
present in the task. However, when only the phase 2 (the
restructuring of the task) was isolated, by providing the
participants with information enabling them to eliminate
inappropriate “clues” in the phase 1, this effect disappeared.
Also DeYoung, Flanders, and Peterson [2] looked for
predictors of efficiency of solving insight problems. In their
research, they took into account verbal intelligence, working
memory, divergent thinking and the ability to break patterns.
The results indicated that all of these factors influence solving
of insight problems, but after isolating the variance unique to
insight problems (by juxtaposing them with non-insight
problems) it was found that only divergent thinking and the
ability to break patterns remained significant predictors. In
other studies [3], creativity was predicted by updating and
inhibition (as executive processes of WM). Updating was also
observed to explain a significant portion of shared variance
between intelligence and creativity.
Researchers emphasize, however, that creative thinking is
not a homogeneous construct. For example, Lin and Lien [4]
looked for relationships between WM and divergent tasks and
insight tasks, separately. They obtained a positive correlation
between WMC and solving insight problems, but found no
correlation between WMC and divergent tasks. According to
the authors, this finding suggested that open-ended and
closed-ended creative problem solving involved different
processes and helped to clarify some past inconsistencies
when considering the relationship between WM and
creativity. Many studies show that relationships between WM
and divergent thinking is not just positive, but quite strong.
For example, interesting results concerning relationships
between performing tasks that require divergent thinking and
an n-back task, with the use of the fMRI neuroimaging
technique, were obtained by Takeuchi and his team [5].
Convergence of activation in various brain areas in a group of
more creative persons (distinguished on the basis of a
divergent task) and more efficient in a memory task was
interpreted as ineffective allocation of attention in creative
persons. Diffusion of attention would be a mechanism that
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between working memory and flexibility of thinking (as one of
Guilfordian components of divergent thinking). The empirical
research consisted of two experiments that used an adaptation of the
Figural Similarities Test (based on Guilford). Participants’ task was
to search for as many classes composed of three figures (selected
from a set of six figures) as possible. It was assumed that
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I. INTRODUCTION

W

ORKING memory (WM) is regarded as the engine of
the mind. So it is not surprising that research on the
impact of working memory capacity (WMC) on intellectual
functioning has been conducted for many years. Whereas the
relationship between WMC and intelligence has been
repeatedly replicated, studies on the role of WM in creative
thinking are not conclusive.
For example, Ash and Wiley [1] tested the relationship
between WM performance and the efficiency of solving
insight tasks. It is assumed that in insight tasks a
restructuring of the problem must occur. This restructuring is
– usually – preceded by an impasse caused by searching of an
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favours including information remotely associated with the
problem into creative tasks, and that would be conducive to
generation of new solutions, which is not a new result [7].
[8].
Inconsistency in the research results persuaded the author
to undertake a systematic search for a cognitive basis of the
efficiency of divergent thinking, in reference to WMC.
Oberauer [8] argues that creating new relations between
elements representing a task in order to integrate them in a
new structure (e.g. a solution to a divergent problem) involves
executive functions, but the complexity of this new structure
is limited by working memory span. This limitation applies to
the number of items that can be simultaneously placed in the
system responsible for coordination. A fundamental question
arises: is the number of items (related to WMC) or the
number of relations that can occur between these items
(related to the efficiency of WM control) a significant
predictor of divergent thinking? In order to answer this
question, a divergent task was constructed allowing to
manipulate selectively either the number of elements defining
the task (with a constant number of relations), or the number
of relations between them (with constant number of defining
elements). This study was focused on the flexibility of
thinking as one of Guilfordian components of divergent
thinking [9].

and consequently only one relation was the basis for creating
a class. In other words, the number of elements – increasing
as a result of manipulation – was always accompanied by only
one classification relation (see Fig. 1).

Fig. 1. Examples of FSCT-A Task involving manipulation of the
number of defining elements: 3 (first row), 6 (second row), or 9
(third row).

In order to capture the impact of control processes on
performing the FSCT task, in the middle of trials a secondary
task was introduced. It was a simple motor task carried out
simultaneously with the classification task. It consisted in
keeping a little ball on the top of a “hill” on a computer
screen. The difficulty was that the ball always rolled down to
the right or to the left side of the “hill”. It was assumed that
the level of the secondary task performance is a measure of
the efficiency of control exercised by the central executive
system of WM. The measurement of deviation of the ball
from its optimal position was made continuously in an
attempt to capture the dynamics of changes in the level of
control required by the priority task.
The task had 6 experimental conditions, resulting from the
manipulation of the number of elements making up a figure
(3, 6, or 9) and two levels of the factor “the number of
concurrent tasks” (one vs two tasks). In total, each participant
carried out 18 tasks (6 conditions x 3 tasks) and two training
tasks. After each answer, the participants entered justification
of their choice in order to eliminate random arrangements.
The FSCT-B task had exactly the same experimental
design, but the main manipulation concerned the number of
relations forming a three-element class. At the same time, the
number of elements defining a figure was 6 in the entire task.
The tasks were so designed that the number of relations to be
taken into account was 2, 3, or 4 (see Fig. 2). In the condition
of two relations, one cannot build a correct class if one
considers only one element of a figure (i.e. one relation only);
in the condition of three elements – if one tries to use only
one or two relations, etc. The possibility of creating classes
based on more elements than specified in a given condition
was also excluded. In the middle of trials the paradigm of
concurrent tasks was again employed, similarly as in the
variant A. Manipulation of the task variant (A or B) was
carried out between groups.

II. METHOD
The study used an original adaptation of the Figural
Similarities Test [9] that consisted in searching for as many
classes composed of three figures (selected from a set of six
figures) as possible. It was assumed that a class is created by
abstracting one or more relations linking the chosen three
elements. Therefore, the task requires relational reasoning –
searching for relations between three elements, when the
material is so selected that in each trial it is possible to
generate many such triples. Because each (or most) of them
will be based on different relations between the chosen
elements, Guilford assumed that this task required mainly
flexibility of thinking.
A computerized version of the task, i.e. the Figural
Similarities Computerized Task (FSCT), was developed in
two variants. In the first variant, the number of elements
defining particular figures used in the task was manipulated,
whereas in the second variant – the number of relations on
the basis of which it was possible to create a three-element
class was manipulated. Regardless of the variant, the
participants received a set of six figures. Their task was to
find as many classes consisting of three chosen figures as
possible.
In the FSCT-A task, involving manipulation of the number
of defining elements, appropriate matrices were developed in
which the number of elements was 3, 6, or 9. However, to
create three-elements classes out of the presented matrices it
was always sufficient to take into account only one feature,
http://doi.org/10.17758/URUAE.ED0117318
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Fig. 2. Examples of FSCT-B Task involving manipulation of the
number of relations forming a three-element class: 2 (first row), 3
(second row), or 4 (third row).

It was assumed that both manipulations – of the number of
elements defining a figure and of the number of relations
defining a class – can have an impact on the level of the task
performance related to increasing WM load. However, each
of them affects the involvement of memory and control
subsystems of WM to a different degree. It was assumed that
manipulation of the number of defining elements would, first
of all, influence the load of the control system, whereas
manipulation of the number of relations – the load of the
memory system. In both cases, the secondary task would be
an indicator of the efficiency of the control mechanism.
The first experiment, using the FSCT-A task, involved 50
participants (41 women and 9 men; age: 20.6±1.36 years).
The second experiments, using the variant FSCT-B, involved
40 participants (31 women and 8 men; age: 20.65±1.7 years).

Fig. 4. Number of correct solutions in the FSCT-A as a function of
number of elements defining a figure.

In both cases, the relation is curvilinear. Initially, the
growing number of defining elements increases the reaction
time and the number of discovered classes (with average WM
load), and then their reduction (with maximum WM load).
In the FSCT-B task, there was a significant effect of the
impact of the factor “the number of relations”, but only on the
correctness of solutions (F(2, 76)=4.49, p= 0.015, see Fig. 5).
The increase of the number of relations that were to be taken
into account in a given condition of the task initially causes
an increase of the number of discovered classes, but
subsequently – its decline.

III. RESULTS
In both variants of the task, there was a significant impact
of manipulation of the key factor differentiating the versions.
In the FSCT-A task, the number of elements defining a figure
influenced both the reaction time (F(2, 82)=37.98, p<0.0001,
see Fig. 3) and the number of correct solutions (F(2, 82
)=11.39, p<0.0001, see Fig. 4).

Fig. 5. Number of correct solutions in the FSCT-B as a function of
number of relations between elements.

In both variants of the FSCT task a significant effect of the
double task was also found. The effect consisted in decreasing
the number of discovered classes in the condition of
simultaneous tasks (FSCT-A: F(1, 41)=21.75, p<0.0001;
FSCT-B: F(1, 38)=10.21, p=0.003). However, only in the
variant A, the interaction of the factors “the number of
elements defining a figure” and “the number of concurrent
tasks” proved to be significant (F(2, 82)=7.59, p<0.001, see
Fig. 6). An analogous interaction of the factors the “number
of relations defining a class” and “the number of concurrent
tasks” in the variant B proved to be insignificant.

Fig. 3. Reaction time in the FSCT-A as a function of number of
elements defining a figure.
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V. CONCLUSION
The obtained results indicate complex relationships
between WM and flexibility in divergent thinking.
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