
РОССИЙСКИЙ ФИЗИОЛОГИЧЕСКИЙ ЖУРНАЛ им. И.М. СЕЧЕНОВА 2020, том 106, 
№ 7, с. 880–889

ЭКСПЕРИМЕНТАЛЬНЫЕ СТАТЬИ
EVENT-RELATED CHANGES IN EEG SPECTRAL POWER CORRESPONDING
TO CREATIVE AND TRIVIAL DECISIONS

© 2020    N. V. Shemyakina1, *, ** and Zh. V. Nagornova1

1Sechenov institute of evolutionary physiology & biochemistry Russian academy of sciences,
St. Petersburg, Russia

*E-mail: natalia.shemyakina@iephb.ru
**E-mail: shemyakina_n@mail.ru

Received November 5, 2019
Revised March 22, 2020
Accepted May 4, 2020

The study aimed to explore EEG correlates of a person’s creative (non-trivial) and trivial
decisions finding in conditions of associative search by means of event-related synchro-
nization/event-related desynchronization (ERS/ERD) spectral power changes analysis.
Sixty subjects had to fulfill RAT (Remote associative test) alike tasks while EEG register-
ing. There were no differences in time responses while remote association and trivial de-
cisions search (around 3 seconds in both case). An increase in ERS was observed for the
central frequencies 4 Hz at F7 site (1500–1000 ms before note of decision), 3 Hz at the
Fz site (500–1000 ms before note of decision), and 3.5 Hz at T3 site (in the last 500 ms
before decision). Obtained findings stressing the role of low frequency bands (theta and
delta) in wide associative field search leading for creative and original decisions.
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Creative activity is a complex and multifactorial mental activity that combines memory,
attention, decision-making, motivation, and different types or strategies of thinking. In the
case of creative activity, the transformation of existing, or the appearance of new, original
associations, knowledge, and products occurs.

Creative thinking has long been investigated by psychologists in terms of the structure of
intelligence and abilities of the person [1]. Various tests have been developed to determine
the creative abilities level of the person and investigations conducted into the personal
characteristics of more and less creative people [2–5].

At the same time, it is possible to assume that in their everyday lives each person is ca-
pable of making both creative and trivial decisions, and the brain activity in relation to
qualitatively different decisions differs [6]. From the “evolutionary point of view” both
trivial and creative decisions have their advantages, as the first can save the time in the crit-
ical situation, the second – can suggest a new approach. The question of distinctions in
electroencephalographic (EEG) correlates of creative and trivial decisions in the same per-
son is insufficiently investigated. Exploration of this question can matter for understanding
brain mechanisms [7, 8].

According to Mednick’s theory of creative thinking [5] in the course of creative activity
new associative links have to be formed. At the same time, the more remote the character-
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istics and elements of a problem people can connect together, the more creative and origi-
nal such decisions and processes will be.

Based on this provision of associative theory, within the present research the task was
focused on initiation of a verbal associative search, leading to finding creative (association
of remote characteristics of concepts) and trivial decisions in the conditions of the same
instruction. Today, information exists on the physiological correlates of brain maintenance
of creativity [9–13]. However, there is little information on what actually occurs at the mo-
ment a person makes a creative, original decision and how processes providing creative de-
cisions in the brain differ from processes providing trivial decisions in the conditions of the
same instruction.

One of the informative parameters of a change in brain bioelectric activity, which allows
the chance to obtain additional information on when distinctions occur, is the time and
frequency transformation of the EEG signal in event-related synchronization/desynchro-
nization (ERS/ERD) EEG analysis. [14, 15]. The study aimed to explore EEG correlates
of a person’s creative (non-trivial) and trivial decision-making in conditions of associative
search by means of ERS/ERD spectral power changes analysis.

METHODS

Participants. In total, 60 native Russian-speaking participants took part in the study
(18 males, mean age 27 ± 3, two left-handed [16]), with education above the secondary
school level. At the time of the study, all participants were healthy and were not following
any medical treatment. Subjects gave their voluntary agreement to participate in the psy-
chophysiological study, which was conducted in accordance with all the ethical standards
of the 1964 Helsinki Declaration and its later revisions.

Tasks and procedure of the investigation. The experimental task [17] was based on the
modified Remote Associates Test (RAT) [5]. The RAT is widely used in psychophysiologi-
cal studies of creativity for inducing states of remote associative search and insight [10, 11].
The designed experimental task preserved the remote associative search and could lead to
finding of both trivial and creative solutions.

However, differently from the classical RAT, our task consisted of words from different/re-
mote semantic fields and many brief trials with the same instruction — to “be original”. A lot
of trials were necessary to fit the stimulus-response ERP paradigm of a psychophysiologi-
cal study. Participants were presented with 444 noun pairs of singular nominative form,
IPM (items per million) >10. Nouns were of one, two, three, four, or five syllable length,
with similar or comparable length in each pair — e.g., “cake” and “towel”. Participants
were asked to come up with a non-trivial/original definition/adjective for each of the noun
pairs. As an example, the remote association between the above words (“cake” and “towel”)
in Russian could be “waffle”. We expected the given instruction to facilitate subjects’ asso-
ciative search for remote associations between nouns in the pairs.

Participants were seated in a comfortable chair in a separate shielded room. Stimuli pre-
sentation was performed via a 17-inch LCD monitor placed 1.5 meters away from the par-
ticipant’s head; the average visual angle of stimuli presentation was 4.9' × 2.1'. Nouns were
presented in black bold typeset above and below the fixation cross to minimize horizontal
eye movements. For the first 300 ms, participants saw a black cross on a white screen. Each
noun pair was shown for 400 ms in the center of the white screen. Following the noun pair
presentation, the participant was given 4500 ms to think of a non-trivial, original definition
linking the two given nouns (belonging to remote semantic fields) which could also be as-
sociated and used with each of the nouns separately. If the participant came up with a defi-
nition during this creative task time, she/he had to press the button with her right forefin-
ger and, after seeing the question mark on the screen at the end of the creative task period
(5100 ms from the trial onset), tell the researcher the suggested definition via microphone.
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If no definition was found for the two nouns and there was no pushing of the button, the
participant had to say ‘no’ after the presentation of the question on the screen. All the par-
ticipants’ answers were recorded via the audio system for the following data analysis. The in-
terval between the trials varied randomly between 1500 and 2500 ms, and trials’ presentation
were also randomized across the participants to minimize order and fatigue effects. The com-
plete investigation, together with all preparation and breaks, lasted around 70 minutes.

EEG data recording. Electroencephalogram (EEG) was recorded using the Mitsar 31
channel EEG system (Mitsar Ltd., St. Petersburg, http://www.mitsar-medical.com) by
means of the WinEEG software package (V.A Ponomarev, Ju.D Kropotov, register for
computer program RF № 2001610516, 08.05.2001). Silver chloride electrodes were posi-
tioned according to the 10–20 system (Fp1, Fp2, F7, F3, Fz, F4, F8, T3, C3, Cz, C4, T4,
T5, P3, Pz, P4, T6, O1, O2). The input signals were referenced to the linked ears, were fil-
tered between 0.53 Hz and 30 Hz, and were digitized at a rate of 500 Hz, notch filter 45–
55 Hz. The ground electrode was located on the left hand. Resistance of the electrodes did
not exceed 5 kOhm.

EEG data analysis. All the data were initially transformed by WAR (weighted averaged
reference) [18] in order to diminish the influence of common reference. Eye blink artifacts
were corrected by zeroing the activation curves of individual independent components cor-
responding to eye blinks. These components were obtained by application of independent
component analysis (ICA) to the raw EEG fragments. The method has been previously de-
scribed [19–21]. High and low frequency activities were marked as artifacts and were ex-
cluded from further analysis. The thresholds were set as follows: (1) 50 μV for slow waves in
the 0–1 Hz band; (2) 35 μV for fast waves in the 20–35 Hz band.

For the data analysis, we synchronized participants’ EEG records on button pressing
and investigated the time interval of EEGs before the button pressing to figure out distinc-
tions in the EEG signal changes connected with the different quality of tasks performed
(original, trivial). The desynchronization and synchronization of EEG connected with the
events were calculated by means of Morlet wavelet transformation [22]: the frequency-time
characteristics of the EEG signal were evaluated for the 5000 ms analysis period (2000 ms
before pressing the button i.e., when finding the decision and 3000 ms after pressing the
button) for different central frequencies in the range of 2–7.5 Hz with 0.5 Hz steps, with a
five cycle width of the wavelet. To reduce data dispersion, the spectral power dynamic of
EEG was smoothed by moving averages with the width of an average period equal 100 ms.

Participants’ trials with RT (response times) of less than 2000 ms were excluded from
analysis to diminish the influence of the stimulus presentation on the EEG. To define how
many experimental trials (short fulfilled tasks) were enough for averaging EEG data and
ERS/ERD analysis, group dispersion of average EEG power in each analyzed time interval
for chosen electrode was evaluated empirically with different numbers of averaged trials.
When averaging more than 40 and 50 trials of each type (trivial, non-trivial answers), dis-
persions were practically unchanged; when averaging 30 trials, group dispersion of the av-
erage EEG power increased. Thus, for each participant, 40 was the optimum number of
trials for averaging. Those subjects who had fewer than 40 artifact free trials of each type
were excluded from data analysis. Values of EEG power signal dynamics for the remaining
subjects (21 persons, six men, age 26.6 ± 6 years) were averaged. For reduction of the in-
fluence of ERP components on ERS/ERD, ERPs were calculated and subtracted from
each fragment of EEG [23]. Distinctions in the ERS/ERD were investigated in the range
of interest: frequencies of EEG (2–7.5 Hz) with a step of 0.5 Hz in three 500-millisecond
intervals (1500–1000 ms; 1000–500 ms; 500–0 ms) before pressing the button. Thus we
focused on two bands of interest (Δ: 2–3.8 Hz and θ: 4–7.5 Hz). These frequency bands
are described as playing a role in verbal memory processes and associative search [24–27].

The obtained values of absolute power for the specified time windows for each EEG site
on each person were taken under logarithm as the normalization of data. The statistically
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significant differences of EEG power in different conditions were evaluated by means of
unpaired Student’s t-test that was chosen as provided a smaller number of positive results.
The regions of the interest were assessed by the differential time-frequency maps between
original and trivial findings. The power differences were observed in frontal and temporal
regions of the left hemisphere. The non-accidental spectral power differences were esti-
mated as significant differences with p < 0.01 in the regions of interest and p < 0.01 (in
some cases 0.05) in the nearby ranges of frequencies, or in the nearby intervals of time.
Probabilities were corrected for multiple comparisons using a false discovery rate proce-
dure (http://sdmproject.com/utilities/?show=FDR).

RESULTS AND DISCUSSION

According to the literature data, the search for remote associations during RAT perfor-
mance could be considered as a creative process leading to an original decision [28]. Re-
mote associations [5] combine concepts on the basis of their non-obvious characteristics
(their figurative/extended meaning/sense).

In the present research, subjects were asked to find an original unifying definition of the
nouns shown in pairs. Subjects’ answers that focused on the determination of non-obvi-
ous/implicit signs of the concepts (making figurative sense) were considered creative and
original, while those making literal sense, defining obvious external characteristics such as
the size, color, or form of an object, were considered trivial.

We were interested in whether there are any physiological distinctions in subjects’ find-
ing of qualitatively different (creative and trivial) decisions in conditions of similar instruc-
tion and performance of the same activity — searching for unifying definitions. On the ba-
sis of subjects’ answers, three types of trial were revealed: a) those connected with finding
original, creative answers; b) those connected with finding trivial answers; and c) trials
without answers. We did not consider the last type of trial as there was no possibility of
their synchronization on pressing the button.

Explored subjects on average gave 295 ± 60 answers, of which 119 ± 37 on average were
focused on the determination of non-obvious characteristics of the concepts and were con-
sidered by us to be original [28] and creative.

The average time for finding the remote defining association was about 3 ± 0.24 sec-
onds, while for the trivial it was 3 ± 0.29 seconds: those times did not differ statistically. It
should be noted that in a research, Jung-Beeman and colleagues [29] spent time finding
insightful decisions (that unexpectedly came to mind) and non-insightful decisions (logi-
cally built) upon implementation of the modified RAT test that also did not reveal signifi-
cant differences.

Furthermore, at separate EEG sites, for separate frequencies with 0.5 Hz step, Student’s
t-test was applied for statistical assessment of EEG event-related power changes in the 2–
7.5 Hz range.

When comparing average EEG power values (corresponding to original and trivial an-
swers from subjects) in various frequency bands and various intervals of time, for the ma-
jority of EEG sites, statistically significant distinctions were not revealed or were observed
chaotically.

Apparently statistically significant distinctions that appeared in the case of plurality of
comparisons we considered as false alarms (statistical errors of the first type). Only at
sites F7, T3, and Fz were statistically significant differences revealed (p < 0.01, and in some
cases 0.05, which were in the nearby ranges of frequencies, or in the nearby intervals of
time, or both). As it is rather difficult to explain these group of significant distinctions only
as a result of multiple comparisons, we considered them as statistically significant effects.
The greatest statistically significant differences were observed for the central frequency of
3 Hz at the Fz site, 3.5 Hz at T3, and 4 Hz at F7. These differences were significant after



884 SHEMYAKINA, NAGORNOVA

Fig. 1. Event-related changes of EEG power during the finding of original (associative) and trivial decision.
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FDR correction (p < 0.05). Graphical representation of the dynamics of EEG power at the
specified sites during the finding of original (associative) definitions and trivial answers are
presented in Fig. 1.

The illustration is given for a time interval 5000 ms (2000 ms before pressing the button,
3000 ms after). The continuous line – the solution of a task was followed by finding of
original answers, a dashed line – the solution of a task was followed by finding of trivial an-
swers. A vertical dashed line – pressing the button as the mark of decision finding. Ordi-
nate axis – P (μV2), abscissa axis – time (ms).

Grey bars mark time windows of 500 ms for those site, that revealed the significant (p < 0.05)
differences of event-related changes of EEG power. Star marks the time windows that re-
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vealed the maximum difference for the central frequency of wavelet. The central frequency
of wavelet for different sites is presented in the in the bottom right corner.

At the F7 site, differences in EEG power during the search for original (remote) associ-
ations were observed in the time interval 1500–1000 ms before pressing the button, with
the central frequency 4 Hz: differences (taking into account the properties of the wavelet)
were also observed in the interval for the nearby frequencies (2.5–5.5 Hz). We do not ex-
clude the possibility that the specified time interval could also be covered by the duration
of visual ERP (800–1000 ms) and the reaction of the synchronization in delta band fre-
quencies [30, 31] for some numbers of averaged trials with RT of 2000 ms. However, ob-
served differences could hardly be related to the latter, as the fronto-temporal site (lateral
frontal cortex) in the left hemisphere of the brain is not a typical zone for distribution of vi-
sual ERP and reactions of synchronization (traditional distribution of the visual ERP is
much more pronounced in the parietal and occipital areas of the cortex). In this situation,
observed differences can be connected with the specificity of the performed task, in one
case, leading to the finding of an associative remote definition and, in another, to a literal
definition of characteristics of concepts in conditions of similar instruction.

At Fz site, the maximum difference was observed for the central frequency 3 Hz (2.5–
4.2 Hz) in the time interval of 500–1000 ms before pressing the button. At T3, the maxi-
mum distinction in power was observed for the central frequency 3.5 Hz (2.5–6 Hz) in the
last 500 ms before pressing the button. It is known that spontaneous pressing of the button is
connected with the emergence of readiness potential about 500 ms before pressing [32, 33].
Pressing is followed by a desynchronization in the sensorimotor cortex zones, mostly in the
contralateral hemisphere at a frequency greater than 10 Hz [34, 35]. In the range of slow fre-
quencies, emergence of EEG reaction at the central sites is possible [36, 37]. However, in our
case, spontaneous pressing was present in all trials considered, and localization of observed
differences (average values of absolute power and the temporal zone in the cortex in the left
hemisphere of the brain were greater than at Fz site) does not allow us fully to correlate ob-
served differences in brain reaction when pressing the button.

From this, it is possible to conclude that the finding of creative decisions was followed
by a higher level of synchronization of the event-related low-frequency component of EEG
in the fronto-temporal and middle temporal regions of the left hemisphere of the brain, as
well as in the fronto-central region. This does not exclude the possible existence of changes
in other frequency ranges, but indicates the importance of the synchronization of a low-
frequency component of EEG for brain processes in associative search and related states.
Moreover, in a number of studies (for a review see [38–40]) addressing the nature of EEG
signals, it has been noted that synchronous low-frequency (slow wave) activity can modu-
late the high-frequency component of a bioelectric signal when cognitive processes occur.

The obtained results are partly in agreement with the data of our colleagues Danko
et al. [41], who revealed an increase of power in the delta (1.5–3.5 Hz) EEG band in the
front (bilaterally) and middle temporal areas of the left hemisphere of the brain during ful-
filment of verbal creative tasks (creation of associative chains) focused on use of an insight
strategy in tasks’ performance by non-actor students. For the general group of subjects, in-
cluding both student actors and student non-actors, bilateral increase in power in the delta
and theta (4–7 Hz) EEG frequency bands was observed in the frontal cortex zone during
the creation of associative chains. The results of the present research can also be correlated
to data from Razumnikova, who found an increase in EEG power in the teta-1 (4–6 Hz) fre-
quency band in the frontal cortex areas when finding remote associations (RAT was used) in
comparison with the finding of simple associations [27]. In the earlier work of Whitton [42],
it was reported that four seconds before healthy subjects gave their creative answers when
performing tasks with creative thinking, slow activity in the delta and theta frequencies ap-
peared in their EEG.
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At the same time, the results of the present research contradict the data [43] demon-
strating a decrease in EEG power in the theta band in the earlier study when performing a
task on overcoming a stereotype of long-term memory, a search for an original ending to
well-known proverbs and sayings with the purpose of changing their sense. Firstly, this can
be explained through features of the EEG signal processing (in the present research, we
have revealed short-term synchronization of slow frequencies of EEG) and by differences
in the tasks designs.

The increase in power in the delta EEG frequency band in the frontal and temporal
zones of the cortex during the solving of mental tasks by healthy subjects can be considered a
motivational component of the task that has to be solved [40], or can arise from attention fo-
cus and its activation in relation to internal processes, braking of irrelevant information [44],
or the comparison of signals and decision-making [45]. At the same time, an increase in
synchronization in the theta frequencies could be treated as an indicator of the active in-
volvement of the corresponding cortex zones in the maintenance of mental problem-solv-
ing with different complexity levels and the demands of memory load, concentration, and
emotional reactions. An increase in theta activity can characterize cortex activation level.
The research of Pizagalli and colleagues revealed a positive correlation between the current
density of the theta activity generator in the inferior part of the cingula gyrus BA24/32 and
the metabolism of glucose [46] that characterizes the cortex activation level. After that, the
phenomenon of synchronization itself is considered in the involvement of a large number
of neural populations in the realization of the studied activity [47].

In our investigation, synchronization of EEG in the range of theta and delta frequencies
was observed for both cases (finding of trivial and original decisions); at the same time, the
search for remote associations seemed to be carried out with the higher level of activation
of a number of cortex zones than for trivial associations.

According to the expected schema of the search for definitions in both cases (finding cre-
ative and trivial definitions), subjects needed to carry out a lexical analysis of words [48], to
concentrate on a problem and, as the result of a search for remote associative links between
concepts, to choose a decision which was internally considered to be original. As in both
cases it was necessary for subjects to carry out a lexical analysis of the words and to concen-
trate on the problem, the quality of the found solution could presumably be affected (in-
fluenced) by the depth of the associative search – or, in other words, mental memory load
during the search for associative definitions of the concepts. Also, it is impossible to ex-
clude the condition of the instruction to “be original” from the subjects’ subjective evalua-
tion of their own decisions that was presumably happening before pressing the button.

As the mentioned processes are tightly bound with the operation of verbal information,
detected differences in the frontal and temporal cortex zones in the left hemisphere of the
brain are quite explainable. Presumably, the increase in power in the delta and theta fre-
quency bands in these zones in earlier time intervals can be connected with the processes
underlying verbal associative search (memory loading) when finding the remote characteris-
tics of the presented concepts, whereas the later stages – around 1000 ms before pressing –
reflect the motivational and evaluation components connected with the search and choice
evaluation [49, 50] of the original decision.

The results are indirectly comparable with those achieved in an earlier PET research [51],
where an increase in the regional blood flow in the cortex in the left hemisphere of the brain
was shown (BA 47) when there was a need to be original in the condition of verbal creative
task performance in comparison with performance of a non-creative task.

At the same time, higher values for event-related absolute power in the fronto-central (Fz)
site while finding original decisions in the range of frequencies 2.5–4.2 Hz, with the cen-
tral frequency at 3 Hz, seem to be connected with the need to preserve internal attention
and eliminate unnecessary information [44] for a successful search (finding an original de-
cision) in the wide associative field of concepts. This assumption corresponds with previ-
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ous results demonstrating a decrease in EEG spectral power in the beta2 frequency band in
the left frontal areas in searching for the original definition of a word using another from a
remote associative field [52].

CONCLUSIONS

By means of an ERS/ERD method of EEG data analysis, EEG correlates of finding
verbal creative decisions were investigated, focused on a search for remote associations in
comparison with making trivial decisions focused on the definition of external characteris-
tics of the phenomena and objects. We revealed an increase in event-related synchroniza-
tion in the delta and theta frequency bands in the frontal and temporal zones of the left
hemisphere of the brain and in the front and central cortex areas while making creative de-
cisions. We assume that observed differences in the early stages, before the subject made a
decision, can be connected with deeper loading of the memory and the search for defini-
tions in the wide associative field, and can reflect the choice and assessment of originality
of the thought-up definition in the later stage.
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