

[image: image1]
Does Creativity Influence Visual Perception? - An Event-Related Potential Study With Younger and Older Adults












	 
	ORIGINAL RESEARCH
published: 18 October 2021
doi: 10.3389/fpsyg.2021.742116





[image: image]

Does Creativity Influence Visual Perception? - An Event-Related Potential Study With Younger and Older Adults

Petra Csizmadia1,2*, István Czigler1, Boglárka Nagy1,2 and Zsófia Anna Gaál1

1Institute of Cognitive Neuroscience and Psychology, Research Centre for Natural Sciences, Budapest, Hungary

2Doctoral School of Psychology (Cognitive Science), Budapest University of Technology and Economics, Budapest, Hungary

Edited by:
Hui Chen, Zhejiang University, China

Reviewed by:
Pekcan Ungan, The Science Academy Society of Turkey, Turkey
Alicia Leiva, University of the Balearic Islands, Spain

*Correspondence: Petra Csizmadia, csizmadia.petra@ttk.hu

Specialty section: This article was submitted to Cognitive Science, a section of the journal Frontiers in Psychology

Received: 15 July 2021
Accepted: 29 September 2021
Published: 18 October 2021

Citation: Csizmadia P, Czigler I, Nagy B and Gaál ZA (2021) Does Creativity Influence Visual Perception? - An Event-Related Potential Study With Younger and Older Adults. Front. Psychol. 12:742116. doi: 10.3389/fpsyg.2021.742116

We do not know enough about the cognitive background of creativity despite its significance. Using an active oddball paradigm with unambiguous and ambiguous portrait paintings as the standard stimuli, our aim was to examine whether: creativity in the figural domain influences the perception of visual stimuli; any stages of visual processing; or if healthy aging has an effect on these processes. We investigated event related potentials (ERPs) and applied ERP decoding analyses in four groups: younger less creative; younger creative; older less creative; and older creative adults. The early visual processing did not differ between creativity groups. In the later ERP stages the amplitude for the creative compared with the less creative groups was larger between 300 and 500 ms. The stimuli types were clearly distinguishable: within the 300–500 ms range the amplitude was larger for ambiguous rather than unambiguous paintings, but this difference in the traditional ERP analysis was only observable in the younger, not elderly groups, who also had this difference when using decoding analysis. Our results could not prove that visual creativity influences the early stage of perception, but showed creativity had an effect on stimulus processing in the 300–500 ms range, in indexing differences in top-down control, and having more flexible cognitive control in the younger creative group.
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INTRODUCTION

Creativity, the ability to create novel, original, appropriate and also useful ideas or products (Stein, 1953; Runco and Jaeger, 2012), is one of the most important life skills. In facilitating adaptive behavior to a changing environment it had a significant role, not only in evolution, but also in the development of human civilization. In addition, creativity has an essential role in solving everyday problems and tasks. Despite its popularity, we do not know enough about its cognitive background and the neural mechanisms underlying creativity, which are partly the result of issues and limitations from the electrophysiological methods used. These limitations are: strict and unusual laboratory environment; the forbidden movement and speech to eliminate artifacts; the time-bound paradigms that require a large number of repetitions; and the time pressure (1–3 min) to complete a task. These are all disadvantages which hinder the study of the creative process in cognition, and help to explain why there are so few studies to date examining creative processes using electroencephalography. In the current study, we chose not to exploit directly the neurobiological background of creativity due to these limitations, but rather to focus on whether creativity begins with the perception of stimuli, or as to whether this plays a part in creativity as a cognitive process. Consequently, we chose to compare creative and less creative people to see if they already differ in their early processes, or only later top-down processes cause a difference in their perception, or the perception of stimuli is not different at all.

Since creativity is a complex construct and hard to quantify, most studies have chosen only to examine divergent and convergent thinking – two measurable cognitive processes having a central role in creative cognition (Guilford, 1967). Divergent thinking is a crucial part of open-ended problem solving as it requires mental flexibility to come up with as many ideas as possible to generate novel ideas. By contrast, convergent thinking is a crucial part of closed-ended problem solving being the ability to: reason logically; to recognize rules; and to evaluate and choose the most appropriate solution from different ideas. So, convergent as opposed to divergent thinking relies more on persistence, mental focus and cognitive control. These two ways of thinking are both important, but occur in different stages of the creative process with varying degrees of significance. This has been described as dynamic changes in combination with balance between flexibility and persistence (Dual Pathway of Creativity; Nijstad et al., 2010; Metacontrol State Model; Hommel, 2015; neurocognitive framework of the metacontrol of creative cognition; Zhang et al., 2020), or as flexible cognitive control (Zabelina and Robinson, 2010).

The process of creative problem solving consists of several stages: it starts with the discovery of the problem; followed by the generation of ideas; incubation; evaluation of the ideas; selection of the appropriate solution; and then, elaboration of the selected outcome (Wallas, 1926). Since the first step in creative problem solving is to detect the problem, it is particularly important to determine how a person perceives, or senses a given problem, as this governs the way they think, and this will affect all the subsequent stages in the creative process (Nęcka, 2011). Seeing and interpreting stimuli in different individual ways than others (perceptual restructuring) is one element for generating creative ideas (Wiseman et al., 2011). At this stage, it is advantageous if the attention is not too focused in order for more information to be processed. Also, a broader perception of the environment is considered essential in creative cognition.

Based on the inhibition deficit theory of aging – which hypothesize an age-related decline in inhibitory processes (Hasher and Zacks, 1988) – and the load theory of attention (Lavie, 2005) – which claims insufficient cognitive control leads to greater distractor processing – we can assume that older adults are not able to disregard task-irrelevant environmental stimuli effectively. Thus, the question arises as to whether the decline in inhibitory processes associated with aging may lead to a widened attentional focus and hence changes in perception which might offer some benefit in the initial stage1 of creative problem solving for the elderly. To study this question, we compared both less and more creative younger and older adults in four groups.

Several studies have examined the potential benefits of distractibility. For example, Kim et al. (2007) and Healey et al. (2008) found that if previously task-irrelevant information becomes task-relevant, the elderly show a priming effect and with this they gain a benefit compared to younger adults, who do not. The results of Radel et al. (2015) suggest that disinhibition can be an advantage by facilitating idea generation in the early phase of the creative process, although only younger adults participated in their study. Taken together, this as well as The Matched Filter Hypothesis from Chrysikou et al. (2014) – which claims the optimal level of cognitive control depends on a given task and goal – let us to hypothesize that a decreased cognitive control in older adults would facilitate their visual processing, especially in the creative older group. Still, we should note an important difference between younger and older adults’ broader perception of the environment; which in the former, it may be due to an increase in flexibility; while in the latter, this may depend more on a decrease in mental flexibility. Consequently, if we study the other stages of the creative process then the expected benefit in the early stage can turn into a disadvantage later in the older group.

Because of the difficulty in directly measuring creative processes with EEG, several studies have chosen to consider divergent thinking and the capability to create original products as an indicator of creativity and to correlate test scores with cognitive functions as measured by their research paradigm. For example, Zabelina and Ganis (2018) in using an oddball paradigm found a positive correlation between divergent thinking and the N2 component, thus supporting a significant role for cognitive control in the process of creativity. In our previous study (Nagy et al., under review2) we found decreased and less flexible cognitive control for creative older adults when compared with less creative elderly and young participants in a task-switching paradigm. Our conclusion was that less effective inhibitory control enhances creativity in older adults. One of the few studies to directly examine an important process of creative cognition is by Rutter et al. (2012) in which they established a relationship between conceptual expansion – which can arise in both divergent and convergent thinking – and the N400 component. Specifically, they found the measurable effort needed to form a connection between two unrelated concepts in a greater N400 amplitude for creative (novel metaphorical) compared to literal (everyday) phrases.

Despite the most commonly used method for studying creativity from an electrophysiological standpoint being the analysis of oscillatory EEG activity (time-frequency decomposition, spectral power density – for reviews see Dietrich and Kanso, 2010; Stevens and Zabelina, 2019); we opted for the less usual method using the event-related potential (ERP) technique to provide direct information about specific stages of cognitive processing as a function of participants’ creativity, and the effect of creativity on perception. We initially studied the P1 and N1 components for 200 ms, but after 200 ms, we examined the long-lasting positivity in 100 ms time windows in the 200-600 ms range. The visual P1 and N1 are exogenous sensory components and they appear at about 100 ms after stimulus presentation with positive and negative polarity, respectively (Luck, 2014). These components are correlates of the primary visual response and sensory processing (Mangun and Hillyard, 1990), although top-down processes such as attention (Paz-Caballero and García-Austt, 1992; Hillyard et al., 1998; Luck et al., 2000); and arousal (Vogel and Luck, 2000) may also modulate their parameters. The maximum amplitude of the P1 component can usually be derived from the lateral occipital electrodes 100–130 ms after stimulus onset, and due to its extrastriatal origin, P1 is sensitive to the physical parameters (e.g., contrast) of the stimuli. There are several visual N1 subcomponents, and they can be measured at anterior or parietal or lateral occipital scalp areas (Luck, 2014). For us the lateral occipital N1 component was considered to be relevant as it could be influenced by both the physical properties of the stimulus and spatial attention, and it appears to be involved in early discrimination processes (Vogel and Luck, 2000; Hopf et al., 2002). Time windows after 200 ms already indicate cognitive processes related to later stages of visual processing, such as: categorization, working memory, or decision processes. These later components are also called as endogenous cognitive components, which reflect task-related neural processes (Luck, 2014). In assuming that creativity has an effect on perception, we expected to find differences between the less creative and creative groups already in the parameters of the early components, which we hypothesized could influence the later stages of stimulus processing as well, from the observation of amplitude differences.

From younger and older adults we separated two groups, creative and less-creative, by using two figural subtests of the Hungarian analog of the Torrance Test of Creative Thinking (Fáy et al., in press). We considered creativity to be domain specific (Baer, 2015); and as only visual stimuli were presented in our active oddball paradigm, we used only the figural subtests of the TTCT. The ratio of standard and deviant stimuli was 90% and 10%, and deviant stimuli (target stimuli) were images of butterflies, where the subjects’ task was to press a button when they saw one (for details of oddball paradigms see Polich, 2007). The real purpose of our study was to focus on the two types of standard stimuli by presenting 50-50% unambiguous and ambiguous portrait paintings, for which no response action was required. Our design followed ERP studies on face perception by Bentin et al. (1996), in which the to-be analyzed stimuli appeared frequently, but did not require an overt or covert response (see also Czigler et al., 2007).

In perception studies, ambiguous images are often used as they can be perceived in multiple ways, the perceptual interpretation changes periodically although the visual content does not change (Kornmeier and Bach, 2012). This characteristic is suitable for revealing how sensory and cognitive processes interplay during perception (Long and Toppino, 2004). The main theories consider the possibility either of bottom-up or top-down underlying processes, or a combination of the two. The bottom-up (sensory) approach assumes that perceptual switches are the result of the alternation of passive adaptation, recovery, and mutual inhibition of competing neural elements in early visual areas; while the top-down (cognitive) approach is supported by findings that reveal the role of volition, attention and experience in reversals (for reviews see Long and Toppino, 2004; Kornmeier and Bach, 2012). With a focus on our experiment, we have to be aware of the critical role of inhibition in bistable perception: only one percept is visible at a time, during which its competitor has to be suppressed, and this can happen in several stages according to the multistage hybrid models (Alais, 2012). The assumed age-related decline of inhibitory processes (Hasher and Zacks, 1988) made us hypothesize that older adults would perceive more details when presented with ambiguous paintings.

After performing traditional ERP (univariate) analysis to test our hypotheses, we then used ERP-decoding (Bae and Luck, 2018), which is a multivariate pattern analysis method. The term “multivariate pattern analysis” (MVPA) includes different methods for analyzing neuroimaging data. Their main common feature is that they consider the relationships between multiple variables (e.g., channels) at the same time, instead of treating them as independent by assessing the relative activation magnitude. Decoding is one of the most common applications of MVPA, the term “decoding” refers to the prediction of experimental conditions (e.g., trial types or stimulus types) from patterns in neural data (Grootswagers et al., 2017). Either MVPA or decoding methods are commonly used to examine fMRI data (for reviews see e.g., Norman et al., 2006; Tong and Pratte, 2012; Haynes, 2015). While decoding methods for time series data as MEG and EEG (for review see: Grootswagers et al., 2017) have only recently been applied to answer experimental questions in cognitive neuroscience, they have been quite commonly used over the past years in brain-computer interfaces (for reviews see e.g., Curran and Stokes, 2003; Müller et al., 2008; Chamola et al., 2020).

The main differences between univariate and multivariate methods are in their sensitivity and approach to experimental questions. Multivariate methods may show differences that would not be apparent in univariate analysis because the activity pattern across electrodes can be better at separating two conditions than the voltages measured at individual locations. Multivariate decoding can also use information that would not be detectable when comparing, for example, ERPs in a univariate analysis (Grootswagers et al., 2017; for details see Hebart and Baker, 2018). Regarding the conceptual background behind the experimental questions, the univariate method is an activation-based, while the multivariate analysis is an information-based approach. In the former (activation-based) case, we are interested in whether there is a difference between the amplitude and latency of the components belonging to different conditions, so we need to analyze the stages of the given cognitive process. In the latter (information-based) case, we need to ask whether or not the neural signal contains information about the condition or trial type (Hebart and Baker, 2018).

In summary, our main goal was to reveal whether visual creativity begins with the perception of stimuli, or whether it plays no part in creativity as a cognitive process; as well as, to study whether healthy aging has an effect on these processes. To answer these questions we examined event related potentials evoked by unambiguous and ambiguous portrait paintings in four groups being younger less creative, younger creative, older less creative and older creative. According to the hypothesis that disinhibition can be an advantage by facilitating idea generation in the early phase of the creative process, we assumed that decreased cognitive control in older adults would facilitate their visual processing, especially in the creative older group; and since inhibition plays a critical role in bistable perception, we hypothesized that the elderly would perceive more details from ambiguous images.

Furthermore, we used ERP decoding in an exploratory manner, with the aim of determining whether the signal contained information about the ambiguity of the stimulus; and if so, whether creativity or age influenced stimulus processing and representation. If we can decode (indexed by decoding accuracy significantly higher than chance) the stimulus category from the neural signal, we can be more confident that the signal really represents the stimulus, and not some other irrelevant processes.



MATERIALS AND METHODS


Participants

In our study there were 36 younger (aged 18–30 years) and 38 older adults (aged 60–75 years) participating, and because of technical issues the results of two younger and three older participants were excluded. Age groups were separated into three groups according to their Creativity Index (CI) scores with the less creative on the one hand and most on the other, and with those in the middle group, between the less and the more creative groups, being discarded from the study – resulting in there being 12 participants in each of the four groups. To measure their creativity, we used the updated and standardized version of the Figural Subtest of Barkóczi-Klein Creativity Test (Hungarian analog of the Torrance Test of Creative Thinking; Barkóczi and Klein, 1968; Barkóczi and Zétényi, 1981) by Fáy et al. (in press) (this manual is available on request). To rule out dementia-related differences between younger and older adults, intelligence was measured by four subtests representing the four major components (Similarities – verbal comprehension, Digit Span – working memory, Matrix Reasoning – perceptual reasoning, Coding – processing speed) of the Hungarian version of WAIS-IV (Rózsa et al., 2010). Both age groups had higher scores on the subtests than the average for the population. The demographic data of the four groups, IQ test and CI scores are summarized in Table 1.


TABLE 1. Demographic data and test scores for the four creativity groups based on age (mean and standard deviation).
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All participants were right-handed, had normal or corrected-to-normal vision (at least 5/5 in a version of the Snellen charts), and were free of any kind of neurological or psychiatric disorder. All participants were paid for their contribution, and written and informed consent was obtained from all participants prior to their participation. The study was approved by the Joint Psychological Research Ethics Committee (EPKEB, Hungary).



Creativity Index

We calculated the Creativity Index based on a method from Fáy and Jeney (2016). The variables were fluency (F), originality (O), elaboration (E), resistance to premature closure (C) and creative strengths (CS). In order to reduce the high correlation between fluency and other variables, they were all divided by the fluency score. The participants’ variable scores were normalized with the representative age group’s average, since we did not examine how creative variables change with age, but whether there are differences within age groups in the visual and cognitive processes between less creative and creative individuals, and whether and how this difference alters between young and elderly people. We calculated the Creativity Index as (CR1 + CR2 + CS)/3, where CR1 was the score from the Circles task (CR1 = (F + O/F + E/F)/3); and CR2 was the score from the Incomplete figures task (CR2 = [(E/F + C/F)/2 + F + O/F)/3]; and thirdly, CS was the creative strengths score.

Here we should emphasize that as we normalized the scores with the representative age group’s average, there are different raw scores behind similar scaled scores in the younger and older groups.



Stimuli and Procedure

The experimental stimuli were presented with MATLAB R2016b (The MathWorks, Inc.) on a 21.5-in. LCD monitor (Asus VS229na, 60-Hz refresh rate), on a gray (44.48 cd/m2) background, at a viewing distance of 1.44 m. The experimental design is shown in Figure 1. Participants had to perform an active visual oddball task. The stimuli were colored pictures of: eight butterflies, as deviants; and as standards four unambiguous along with four ambiguous portrait paintings3. The size of the images were 200 × 280 pixels (2,13° × 3,99°), and the stimuli appeared on the center of the screen. The participant’s task was to press the Space button (with both hands) as soon as a butterfly appeared on the screen. There were 80 trials (8 deviants and 72 standards) within a block. A deviant butterfly was not repeated, a standard portrait was repeated 9 times within a block. The two types of standard stimuli (unambiguous and ambiguous) were equally presented. In total, there were 48 deviant, 216 unambiguous standard and 216 ambiguous standard trials from six blocks. Stimulus duration was 300 ms, and the inter-stimulus intervals were between 1,500 and 1,700 ms with a jitter in steps of 50 ms. The presentation order of the stimuli was pseudorandom with the restriction that a minimum of 4, and a maximum of 12, subsequent standard stimuli would appear between two deviants; and a maximum of 3 standard stimuli, of the same type, would follow each other. The feedback given after each block was: the average reaction time; the number of correct responses and errors. The experiment started with a practice block (20 trials), in which EEG was not recorded. In the practice sequence butterfly and portrait pictures were not the same as those used during the EEG recording, and only unambiguous and not ambiguous standards were presented. The purpose of the practice session was only that the participants understand the task, which was responding to the butterfly, so the type of standard stimulus was irrelevant in this respect.


[image: image]

FIGURE 1. Illustration of the sequence and timing of stimuli: The target (10%, a butterfly) which the participants had to press a button for, or a standard stimulus (45–45% unambiguous or ambiguous portraits) which no reaction was needed, was presented for 300 ms. An inter-stimulus interval with a blank screen lasted for 1500–1700 ms. Participants got feedback at the end of the block of 80 trials. The feedback contained average reaction time, number of correct and incorrect button presses and an instruction to “Press Space to start the next section”. The experiment contained six blocks.




EEG Recording

Electrophysiological recording was performed in an electrically and acoustically shielded room. Electrical brain activity was recorded from 32 locations according to the extended 10-20 system (BrainVision Recorder 1.21.0303, ActiChamp amplifier, Ag/AgCl active electrodes, EasyCap (Brain Products GmbH), sampling rate: 1000 Hz, DC-70 Hz online filtering). The ground electrode was placed on the forehead (AFz) and the reference electrode was on the nose tip. Both horizontal and vertical electrooculogram (HEOG and VEOG) were recorded with bipolar configurations between two electrodes (placed lateral to the outer canthi of the two eyes and above and below the left eye, respectively).



Data Analysis

The EEG signal was bandpass filtered offline with a non-causal Kaiser-windowed Finite Impulse Response filter (low pass filter parameters: 30 Hz of cutoff frequency, beta of 12.2653, a transition bandwidth of 10 Hz; high pass filter parameters: 0.1 Hz of cutoff frequency, beta of 5.6533, a transition bandwidth of 0.2 Hz) in MATLAB environment (The MathWorks, Inc.). In order to reject eye-movement artifacts (blinking, looking aside) Independent Component Analysis (ICA) was applied on the filtered EEG data, which was performed with the EEGLAB toolbox (Delorme and Makeig, 2004).

Epochs ranging from −100 to 1,000 ms relative to the onset of stimuli were extracted for all deviants and standards. The first 100 ms of each epoch served as the baseline. Epochs with larger than 100 μV, or smaller than 2 μV voltage change, were considered artifacts and rejected from any further processing.

In this paper we discuss only the results from unambiguous and ambiguous standard trials.


ERP Data Analysis

Three regions of interest (ROI-s) were calculated based on scalp topographies: the left parieto-occipital ROI comprising the P7, P3, PO7, PO3, and O1 locations; the middle parieto-occipital ROI comprising the Pz, POz, and Oz locations; and the right parieto-occipital ROI comprising the P8, P4, PO8, PO4 and O2 electrodes.

P1 latency was measured as the largest positivity within the 30-130 ms range, and P1 amplitude was measured as the mean amplitude within ± 5 ms around peak latency for each participant. It is likely that a positivity superimposed on the negativity following the P1 component and since the extent of this differed between the younger and older groups, we did not measure the peak latency and amplitude of the N1 component, but P1-N1 peak to peak, and N1- 200-300 ms positivity peak to peak amplitudes for each participant, where N1 was defined as the largest negativity within the 100–200 ms range. Between 200–600 ms interval we measured the mean amplitudes within 200–300, 300–400, 400–500 and 500–600 ms ranges. The latencies and amplitudes were measured at left-, middle- and right parieto-occipital ROI-s.

Statistical analyses were performed with Statistica 13 (TIBCO Software Inc.). Mixed ANOVAs for ERPs were performed with Age (younger/older) and Creativity (less creative/creative) as between-subject factors; and Stimulus (unambiguous/ambiguous) and ROI (left-/middle-/right parieto-occipital) as within-subject factors.

Post hoc analysis was performed by using the Tukey honest significant difference (HSD) test, and the effect size was calculated as partial eta square (ηp2).



ERP Decoding

We decoded the ambiguity of the standard stimuli on the basis of the scalp distribution of the ERP signal. The method of Bae and Luck (2018) and their Matlab scripts4 were used. By down-sampling the data and averaging trials (belonging to the same stimulus type) we were able to improve the signal-to-noise ratio (Grootswagers et al., 2017; Bae and Luck, 2018); therefore, the decoding was performed on averages rather than on single-trial data, and only on every fourth time point (1 data point per 4 ms – 250 Hz) of the data. Decoding was conducted separately for each participant, and independently at each of the 275 time points from −100 to + +1000 ms. Twenty-seven electrodes (F7, F3, FC3, C3, FZ, CZ, F8, F4, FC4, C4, CP5, CP6, P7, P3, PZ, P4, P8, PO7, PO3, POZ, PO4, PO8, O1, OZ, O2, T7, T8) were used for the analysis, and HEOG-s and VEOG-s were excluded.

As in Bae and Luck previous decoding studies (Bae and Luck, 2018, 2019b, c), the combination of support vector machine (SVM) and error-correcting output codes (ECOC, Dietterich and Bakiri, 1995) were used to classify the ambiguity of the standard stimuli on the basis of the spatial distribution of the signal over the 27 scalp electrodes. The epoched data was organized based on the ambiguity, and then the trials were randomly divided into three equal-sized sets of approximately 70 trials (3 groups of approx. 70 trials for both stimuli types). Of note, this number varied slightly from subject to subject due to the different number of trials thrown out during artifact rejection. The trials for a given stimulus type in each group/set were averaged together, creating a scalp distribution for the time point being analyzed (a matrix of 3 sets × 2 stimuli type × 27 electrodes). The averaged data from two sets of the three groups belonging to the given stimulus type were used as a training dataset, and the third was used to test the classifier performance. Decoding accuracy was computed by comparing the true stimulus type with the predicted type. Since the classification was binary and both possibilities were equally probable, chance performance was 0.5. This procedure was repeated three times (3-fold-cross-validation), with each of the three sets of data for both stimulus type serving as the testing dataset. To provide a more robust estimation of decoding accuracy, this entire procedure was iterated 50 times using new random assignments of trials for the three data sets. After finishing all iterations of the cross-validation procedure, we got a decoding percentage for a given time point based on 300 decoding attempts from collapsing decoding accuracy across the two stimulus types, and across the three cross-validations, as well as across the 50 iterations (2 stimulus type × 3 cross validations × 50 iterations). As mentioned above, the decoding procedure was applied separately at each time point for a given participant, producing one decoding accuracy value for each time point (aggregated across cross-validations and iterations). Finally, to minimize noise, the decoding accuracy values were smoothed across time points using a 5-point moving window (equivalent to a time window of ± 8 ms).

For statistical analysis of decoding accuracy we used a non-parametric cluster-based permutation analysis, which is at the same time an appropriate procedure to controlling for multiple comparisons (Bae and Luck, 2019a, b). To do this, we also used Bae and Luck’s Matlab scripts. This method includes three steps. First, one-sample t-tests were used to determine whether decoding accuracy at each individual time point was significantly greater than chance (0.5). Second, for the found clusters of contiguous time points for which the single point t tests were significant (p < 0.05) cluster-level t mass (the sum of the t scores within each cluster) was computed. Thirdly, a given cluster mass was compared to the mass that would be expected by chance, as determined via permutation tests. Permutation tests were used to establish a null distribution of cluster-level t mass values to determine whether a given cluster mass was larger than expected by chance. Permutation was conducted at the testing stage of the decoder output rather than at the training stage of the decoder (for detailed description see Bae and Luck, 2019b). The statistical analysis was performed separately for the four groups.

To compare our groups’ decoding accuracy, we aggregated decoding accuracy across time points, specifically during five periods (100–200, 200–300, 300–400, 400–500, 500-600 ms) within those groups, which mostly had statistically significant results (greater than chance decoding accuracy). To aggregate across time points during these periods, we averaged the decoding accuracy across the given time points which was done separately for each participant. Then repeated measures of ANOVAs for these values were performed with Age (younger/older) and Creativity (less creative/creative) as between-subject factors, and Time (five periods) as within-subject factor. Post hoc analysis was performed by using the Tukey honest significant difference (HSD) test.





RESULTS


Behavioral Data

With the exception of a few mistakes, omitting a button press or an extra button press (on average less than 1.3% of the trials), participants completed the tasks correctly, and our behavioral results showed that participants performed their tasks properly and attentively.

The average reaction time and standard deviation was 475.72 ± 28.60 ms in the younger less creative group, 422.31 ± 27.49 ms in the younger more creative group, 500.36 ± 48.71 ms in the older less creative group and 484.39 ± 27.28 ms in the older more creative group. Analyzing the average reaction times of the 6 blocks by factorial ANOVA, we found that younger adults responded faster than older adults when the targets appeared (Age main effect: F(1,44) = 19.24, p < 0.001, ηp2 = 0.30). We also found that the less-creative groups were slower than the more creative groups (Creativity main effect: F(1,44) = 12.31, p = 0.001, ηp2 = 0.22); but this effect was significant only in the younger group (p = 0.002) according to the post hoc test of the Age x Creativity interaction (F(1,44) = 3.59, p = 0.065, ηp2 = 0.08), not in the older group (p = 0.666).



Event-Related Potentials

The mean amplitudes of the investigated components and time windows in the four groups measured at three parieto-occipital ROIs and the three fronto-central ROIs for the N1 component in the younger groups as shown in Table 2.


TABLE 2. Mean amplitudes and standard deviations of the P1 component, P1-N1 and N1- 200–300 ms positivity peak to peak and the 100 ms-long time windows elicited by unambiguous (UNAM) and ambiguous (AM) stimuli in the four groups.
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The event related potentials of the four groups at the three parieto-occipital ROIs are shown below in Figure 2.


[image: image]

FIGURE 2. Event-related potentials (ERPs) at left-, middle- and right parieto-occipital ROIs evoked by the standard stimuli in the four groups (younger – less creative, younger – creative, older – less creative, older – creative). ERPs for unambiguous portraits are displayed in red and for ambiguous portraits in green. The pink band shows the period in which ERP was analyzed in 100 ms-long windows.



P1

We analyzed the P1 component at the three parieto-occipital ROIs. Older adults had shorter latency than younger adults (Age main effect: F(1,44) = 4.31, p = 0.044, ηp2 = 0.09); but according to the post hoc test of the ROI x Age interaction (F(2,88) = 5.03, p = 0.009, ηp2 = 0.10) this effect was significant only at the middle parieto-occipital ROI (p = 0.022), where the P1 latency was the longest (ROI main affect for latency: F(2,88) = 9.84, p < 0.001, ηp2 = 0.18). However, as Figure 3 shows, the positivity between 80–90 ms was seen at the left and right ROIs, and not in the middle, where the amplitude was smallest (ROI main affect for amplitude: F(2,88) = 34.57, p < 0.001, ηp2 = 0.44). Nevertheless, the post hoc test of the Stimulus x ROI interaction (F(2,88) = 3.44, p = 0.036, ηp2 = 0.07) showed a significant difference between amplitudes of unambiguous and ambiguous trials, and also only at the middle ROI (p = 0.045).


[image: image]

FIGURE 3. Scalp distribution of the first positive peak in the 80–90 ms range in the four groups (younger – less creative, younger – creative, older – less creative, older – creative) for unambiguous (UNAM, top row) and ambiguous (AM, bottom row) stimuli.


Instead of analyzing the peak latency and amplitude of the N1 component, we measured P1-N1 peak to peak and N1- 200–300 ms positivity peak to peak amplitude due to the superimposed positivity on the N1 component. The effect of this superimposition could be seen on Figures 2, 4: the negative deflection after the P1 did not reach negative values in the younger groups. It should be noted, when at least two ERP components are suspected to be superimposed, the potential at the peak latency of a wave may not be regarded as the potential of a particular ERP component, so the scalp distributions on Figure 4 are merely potential maps of the related ERPs in the indicated latency ranges (and this can also be assumed for Figure 3).
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FIGURE 4. Scalp distribution of the 120–130 ms range in the younger groups (less creative and creative) and of the 135–145 ms range in the older groups (less creative and creative) for unambiguous (UNAM, top row) and ambiguous (AM, bottom row) stimuli.




P1–N1 Peak to Peak

The amplitude between the peaks was larger in the older group than in the younger group (Age main effect: F(1,44) = 12.58, p = 0.001, ηp2 = 0.22). The post hoc test of the ROI x Age interaction (F(2,88) = 9.46, p < 0.001, ηp2 = 0.18) showed that the amplitude deflection in the older group was larger compared to the younger group at the left (p < 0.001) and right (p = 0.006) parieto-occipital ROIs. In the younger group the amplitude between the peaks was lager at the right than at the middle parieto-occipital ROI (p = 0.038). In the older group the amplitude between the peaks was lager at the left (p < 0.001) and right (p < 0.001) ROIs than at the middle ROI. Creativity had no significant influence to this amplitude difference.



N1– 200-300 ms Positivity Peak to Peak

The amplitude between the peaks was larger at the left- (p < 0.001) and right (p < 0.001) ROIs than at the middle ROI (ROI main effect: F(2,88) = 44.70, p < 0.001, ηp2 = 0.50). The post hoc test of the ROI x Age interaction (F(2,88) = 7.35, p = 0.001, ηp2 = 0.14) showed that this was the case in the older group, but in the younger group the amplitude deflection was larger at the right parieto-occipital ROI, than at the left (p = 0.011) and middle (p < 0.001) ROIs. The post hoc test of the ROI x Creativity interaction (F(2,88) = 4.28, p = 0.027, ηp2 = 0.09) did not show significant differences between the less creative and creative groups. According to the post hoc test of the Stimulus x ROI interaction (F(2,88) = 12.47, p < 0.001, ηp2 = 0.22) the amplitude for unambiguous trials was larger than for ambiguous trials at the right parieto-occipital ROI (p < 0.001), but not differed at the left and middle ROIs.

After 200 ms we analyzed mean amplitudes within 200–300, 300–400, 400–500 and 500–600 ms ranges at the parieto-occipital ROIs, where we found a long-lasting positivity.



200-300 ms Range

The amplitude was larger in the younger compared to the older group (Age main effect: F(1,44) = 15.09, p < 0.001, ηp2 = 0.26), and the amplitude increased from the middle to the left and the right ROI order (ROI main effect: F(2,88) = 28.61, p < 0.001, ηp2 = 0.39 – see scalp distribution in Figure 5), but according to the post hoc test of the ROI x Age interaction (F(2,88) = 12.12, p < 0.001, ηp2 = 0.22) this was significant only in the younger group, while no amplitude differences were seen between the ROIs in the older group. The post hoc test of the Stimulus x ROI interaction (F(2,88) = 6.61, p = 0.002, ηp2 = 0.13) showed that the amplitude was larger for unambiguous than ambiguous trials at the right parieto-occipital ROI (p < 0.001).
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FIGURE 5. Scalp distribution for the 200–300 ms range in the four groups (younger – less creative, younger – creative, older – less creative, older – creative) for unambiguous (UNAM, top row) and ambiguous (AM, bottom row) stimuli.




300–400 ms Range

The scalp distribution in this time window is shown in Figure 6: the amplitude increased in the younger group from the middle to the left and the right ROI in a corresponding magnitude; while no amplitude differences were seen between the ROIs in the older group (ROI x Age interaction: F(2,88) = 19.94, p < 0.001, ηp2 = 0.31). The amplitude was larger in the younger compared to the older group (Age main effect: F(1,44) = 11.59, p = 0.001, ηp2 = 0.21), and for ambiguous compared to unambiguous trials (Stimulus main effect: F(1,44) = 5.83, p = 0.020, ηp2 = 0.12). The latter effect was significant only in the younger (p = 0.008), but not in the older group (p = 0.999) according to the post hoc test of the Stimulus x Age interaction (F(1,44) = 5.63, p = 0,022, ηp2 = 0.11). The Stimulus x ROI interaction (F(2,88) = 5.88, p = 0.004, ηp2 = 0.12) showed that the amplitude was higher for ambiguous when compared with unambiguous portraits on the left and the right sites, but not in the middle. The Stimulus x ROI x Age interaction was also significant (F(2,88) = 9.83, p < 0.001, ηp2 = 0.18) showing that this effect was apparent in the younger but not in the older groups, where the two types of stimuli did not differ at either ROIs. We found a tendency for Creativity main effect (F(1,44) = 3.80, p = 0.058, ηp2 = 0.08), which showed that the amplitude was larger in the creative groups compared to the less creative groups. Although, the Age x Creativity interaction was not significant (F(1,44) = 0.30, p = 0.589, ηp2 = 0.01), the post hoc test did show a significant difference between the creative younger and older groups (p = 0.037) but not between the less creative age groups (p = 0.195).
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FIGURE 6. Scalp distribution for the 300–400 ms range in the four groups (younger – less creative, younger – creative, older – less creative, older – creative) for unambiguous (UNAM, top row) and ambiguous (AM, bottom row) stimuli.




400–500 ms Range

We did not find an Age main effect in this time window, but the Age x ROI interaction (F(2,88) = 24.54, p < 0.001, ηp2 = 0.36) showed that the scalp distribution differed in the two age groups (Figure 7): in young adults the amplitude had a right-sided maximum (p(right vs. middle ROI) < 0.001), while in older adults a middle-sided maximum (p(middle vs left and right ROIs) < 0.001) was observed. The amplitude was larger for ambiguous than unambiguous trials (Stimulus main effect: F(1,44) = 20.45, p < 0.001, ηp2 = 0.32). The post hoc test of the Stimulus x Age interaction (F(1,44) = 1.16, p = 0.288, ηp2 = 0.03) indicated that the amplitude was larger for ambiguous than unambiguous portraits in younger adults (p = 0.002), but only a tendency was seen in the elderly (p = 0.085). The Stimulus x ROI x Age interaction (F(2,88) = 8.73, p < 0.001, ηp2 = 0.17) indicated that in younger adults the amplitude was largest at the right ROI when compared with the left and middle ROIs for the unambiguous portraits (p(right vs. left and middle ROIs) < 0.001), while it increased in the middle, left, right ROI order for the ambiguous trials (p(middle vs. left and right ROIs) < 0.001; p(left vs. right ROI) < 0.001). In older adults the amplitude showed its maximum at the middle site for both types of the stimuli (p < 0.001 in all cases). We found a tendency for Creativity main effect (F(1,44) = 2.92, p = 0.095, ηp2 = 0.06), which showed that the amplitude was larger in the creative groups compared to the less creative groups. Albeit the Stimulus x Creativity interaction was not significant (F(1,44) = 2.83, p = 0.099, ηp2 = 0.06), the post hoc test showed significant difference between unambiguous and ambiguous trials in the creative groups (p = 0.001), but not in the less creative groups (p = 0.201). The Stimulus x Creativity x ROI interaction (F(2,88) = 4.06, p = 0.021, ηp2 = 0.08) indicated that in the less creative group the amplitude was larger at the middle when compared with the left and right ROI for the unambiguous portraits; and larger at the middle and right ROIs when compared with the left site for the ambiguous trials. In the creative group the amplitude was larger at middle and right ROIs compared to the left ROI for the unambiguous pictures, while no differences were found in the distribution for the ambiguous portraits (post hoc p < 0.001 in all cases).
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FIGURE 7. Scalp distribution for the 400–500 ms range in the four groups (younger – less creative, younger – creative, older – less creative, older – creative) for unambiguous (UNAM, top row) and ambiguous (AM, bottom row) stimuli.




500–600 ms Range

The amplitude was larger for ambiguous than unambiguous trials (Stimulus main effect: F(1,44) = 25.92, p < 0.001, ηp2 = 0.37). The amplitude was the largest at the middle ROI (ROI main effect: F(2,88) = 18.45, p < 0.001, ηp2 = 0.30), but the ROI x Age interaction (F(2,88) = 17.22, p < 0.001, ηp2 = 0.28) showed that it was apparent in the older group (p(middle vs left and right) < 0.001), while the three regions did not differ in the younger group (Figure 8). The Stimulus x ROI x Age interaction (F(2,88) = 11.70, p < 0.001, ηp2 = 0.21) indicated that in young adults the amplitude was larger at the middle and right compared to the left ROI for unambiguous pictures, and at the right compared to the middle ROI for the ambiguous portraits. In older adults the maximum was seen at the middle sites for both types of stimuli (post hoc p < 0.001 in all cases). The Stimulus x ROI x Creativity (F(2,88) = 3.48, p = 0.035, ηp2 = 0.07) interaction showed a small difference in the scalp distribution: in the creative group the order of the amplitude increased in the left, then the right, and then the middle ROIs for unambiguous pictures; while in the remaining three conditions it was largest at the middle site, and the left and right ROIs did not differ (post hoc p < 0.001 in all cases).
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FIGURE 8. Scalp distribution for the 500–600 ms range in the four groups (younger – less creative, younger – creative, older – less creative, older – creative) for unambiguous (top row) and ambiguous (bottom row) stimuli.





Decoding Analyses

Figure 9 shows average decoding accuracy in the four groups. Decoding was significantly above chance during most of the post-stimulus period in the younger groups. In the younger less creative group decoding accuracy began to rise above chance at ∼100 ms after the onset of the stimulus, and immediately after ∼100 ms it had a short peak, then a slight decrease followed by a longer peak at between ∼300–400 ms. It remained high and significant until ∼760 ms, and then had a third peak at around 700 ms, which also included a short (∼616–632 ms) non-significant period. In the younger more creative group decoding accuracy started to rise above chance at ∼70 ms after the onset of the stimulus, and it lasted, significantly, until ∼765 ms, having peaked multiple times. Decoding was significantly above chance during shorter time intervals in the older groups compared to the younger groups, and short non-significant sections were also included. In the older less creative group decoding accuracy began to rise above chance at ∼100 ms after the onset of the stimulus, and then peaked at around ∼325 ms, and remained significant until ∼565 ms, which included a short (∼415–435 ms) non-significant period. In the older creative group decoding accuracy started to rise above chance at ∼100 ms after the onset of the stimulus, and peaked between ∼200–300 ms, then lasted, significantly, until ∼500 ms; but also included two short (∼150–160 and ∼325–350 ms) non-significant periods.
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FIGURE 9. Average decoding accuracy (averaged across participants) for the four groups (younger – less creative, younger – creative, older – less creative, older – creative). Chance level performance (0.5) is indicated by the black horizontal dashed lines. Gray areas indicate clusters of time points in which the decoding was significantly greater than chance. The orange shading indicates ± 1 SEM.


Within the following five periods (100–200, 200–300, 300–400, 400–500, 500–600 ms) almost every groups had statistically significant results, which were greater than chance decoding accuracy, so we aggregated decoding accuracy across time points to be able to compare our groups decoding accuracy. This means, in each time period we averaged the decoding accuracy across the given time points for each participant. Then we performed repeated measures of ANOVAs. We found no differences related to creativity and only tendency level difference between the younger and older groups (Age main effect: F(1,44) = 3.11, p = 0.085, ηp2 = 0.07), which showed that younger adults had greater decoding accuracy compared to older adults. According to the Time main effect (F(4,176) = 3.62, p = 0.007, ηp2 = 0.08), decoding accuracy was higher between 200–300 ms after stimulus onset than within the 500–600 ms range (Figure 10).
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FIGURE 10. Mean decoding accuracies in the five analyzed time windows. Vertical bars denote 0.95 confidence intervals.





DISCUSSION

The aim of our study was to examine if creativity influences the perception of visual stimuli, or any stages of visual processing; as well as to study, whether healthy aging has an effect on these processes. We hypothesized that decreased cognitive control in older adults would affect their visual processing: as a result of their less effective inhibition they were likely to perceive more details from ambiguous images. To test our hypotheses, we investigated event related potentials and applied ERP decoding analyses in four groups: younger less creative, younger creative, older less creative and older creative adults.

In our experiment we used unambiguous and ambiguous portrait paintings as standard stimuli in an active oddball paradigm. Ambiguous stimuli have an interesting property: although the visual information does not change, the visual perception changes spontaneously from one percept to the other (Kornmeier and Bach, 2012). This is an outstanding tool for revealing the differences between the observers’ brain processes, among them inhibitory functions.

We separated early bottom-up and later top-down processes by analyzing ERP components. The first sensory component we measured, the P1, emerged above the lateral parieto-occipital areas between 30–130 ms after stimulus presentation in both groups, as a correlate of the primary visual response. At those locations where the component showed its amplitude maximum, there was no difference between age groups, creativity groups or the two types of stimuli. This suggests that the physical properties of the two portrait categories did not differ significantly for the visual system; and also, neither aging nor creativity influenced the participants’ early perceptual processing.

Instead of analyzing the N1 component, we measured peak to peak amplitudes before and after it, since the extent of temporal overlapping of the N1 and the subsequent components differed between the age groups. Creativity had no effect on neither P1-N1 peak-to-peak nor N1- 200–300 ms positivity peak to peak amplitude deflection. These, with the above results about the P1 show that creativity did not influence the early stage of visual processing. By analyzing the positivity in 100 ms-long time windows after 200 ms, our goal was to characterize the top-down processes in fine resolution. An aging effect was found between 200–400 ms, being that the amplitude was lower in the elderly. This result, especially in the time range of the P3 component, with slower reaction times, have been frequently observed (pl. Polich, 1997; Gaál et al., 2007), which may be due to the general age-related cognitive decline, caused by impaired inhibitory processes (Hasher and Zacks, 1988) and their slower processing speed (Salthouse, 1996).

The question that concerned us most was whether creativity influenced the processing of visual stimuli. In answer to this we found that the amplitude was larger between 300 and 500 ms in the creative groups when compared with the less creative groups. This time period overlaps with the time window of the P3b component, which suggests a categorization difference in top-down processing between creative and less creative people, the former being more effective in these processes. Age also influenced this effect: between 300-400 ms younger adults had a larger amplitude when compared with older adults in the creative group, but no such difference was found between the less creative groups. These results suggest that younger adults are the standout group in this regard.

In addition to looking at the effects of aging and creativity in itself, we were interested to know whether processing of the two types of stimuli differ, and whether creativity or age influence this processing. In examining the two types of stimuli, we had assumed that there was a special relationship between the whole and its parts for the ambiguous stimuli as they were more interesting, and complex.

Despite both unambiguous and ambiguous images being irrelevant to the task (as participants did not have to respond to these stimuli), they still elicited large ERP amplitudes. This is not typical with standard stimuli in traditional oddball paradigms, however, the stimuli we used are uncommon to these by being not just simple geometric shapes, such as circles or rectangles, but visually interesting and therefore salient images. So this large amplitude observed could be related to the complexity of the paintings (Barkaszi et al., 2013).

Beyond the fact that our standard stimuli elicited large amplitudes, the two types of stimuli were clearly distinguishable. Between 200–300 ms the amplitude was larger for unambiguous than ambiguous portraits (which was also seen for P1 component, but not at that ROIs where it reached its maximum); while from 300 ms to the end of the analyzed period the amplitude was larger for ambiguous than unambiguous paintings. The latter difference in the traditional analysis was observable in the younger, but not older groups between 300–500 ms. Creativity of the participants had no observed influence on this result.

A possible explanation for the larger amplitude elicited by ambiguous portraits observed in younger groups is based on Navon’s global precedence hypothesis (Navon, 1977), which claims that “the whole” takes priority over the individual parts during visual processing. Roux and Ceccaldi (2001) examined age-related changes in the global precedence effect in a selective attention task (identifying letters globally or locally); and although the effect was detectable in both younger and older adults, a greater global interference effect was observed in the elderly when identifying local letters. On the one hand, this could be caused by the age-related decline of inhibitory control, and on the other, it is possible that global-local processing may take place differently in the elderly. This is supported by Gottlob and Madden (1999), who claimed that older people can only process in a sequential way, first on a global, then to a local level; while younger people can process both parallely. These assumptions are fairly consistent with the results of studies in which during passive viewing of bistable images (Rubin’s vase, Necker cube) the duration of dominant perceptions was longer in older compared to younger adults as they had less perception changes between the two alternatives (Aydin et al., 2013; Díaz-Santos et al., 2017; Kondo and Kochiyama, 2018). It is of note that in these studies the images were simpler and were presented for a much longer time (30 s, 60 s, and 5 min) than in our experiment (300 ms), albeit with fewer repetitions.

Taking the above into consideration, the ambiguous images we used can be interpreted either globally or locally depending upon the ability to shift focus from one to the other. An important factor in seeing though this ambiguity is having cognitive control and the flexibility of attention. So, contrary to our hypothesis that the decline in inhibitory control may lead to increased processing of irrelevant stimuli (Lavie, 2005; Biss et al., 2013), especially the processing of more details with the ambiguous portraits, our results suggested that there was no attentional shift in the elderly from global to local images. We believe this was probably due to another mechanism: as in bistable perception only one percept is visible at one time with the other being inhibited, so older adults may have not suppressed their first interpretation of the paintings, and did not switch to the other (Wiseman et al., 2011; Alais, 2012). Also, the 300 ms long presentation of the images was insufficient time for the elderly to make this switch.

In contrast with traditional ERP analysis which only measures the components at their maximum amplitude, our results using three ROIs showed significant differences at other electrode locations, where the component did not reach its maximum (e.g., P1 and N1 amplitudes showed differences between unambiguous and ambiguous portraits where the scalp distribution showed low amplitudes). Furthermore, as decoding is a more sensitive method, because it can utilize information that would not be detectable when comparing ERPs in a univariate (traditional) analysis (Grootswagers et al., 2017; Hebart and Baker, 2018), we additionally performed decoding analysis in an explorative manner. Although this method was originally developed for comparing two conditions, decoding can also be used for group comparisons (the idea based on Bae et al., 2020).

In previous studies decoding methods have become increasingly popular for time series of neuroimaging data using temporal characterization of visual stimuli and object category processing (e.g., Carlson et al., 2011, 2013; Cauchoix et al., 2014; Carlson and Wardle, 2015). While some studies applied MVPA to assess the temporal dynamics of face identity processing (e.g., Nemrodov et al., 2016, 2018; Vida et al., 2017), other, more recent studies have shown that representations of visual stimuli can be decoded during a working memory task, either by examining the spatial pattern of alpha-band EEG oscillations (e.g., Foster et al., 2016; Bae and Luck, 2018) or by using the scalp distribution of event-related potentials (ERPs; e.g., LaRocque et al., 2013; Wolff et al., 2017; Bae and Luck, 2018). These studies have shown that not only stimulus categories but also feature values along continuous dimensions (e.g., orientation in Bae and Luck, 2018; motion direction in Bae and Luck, 2019b).

The sensitivity of the decoding analysis was supported by our results as it showed that the neural signal already contained information about the stimulus type from around 100 ms after the stimulus onset. Furthermore, our results showed that the stimulus type representations could be decoded from scalp EEG activity not just in the younger age groups, but also in the elderly, which would suggest that there was some level of discrimination between the two stimuli type within the 300–500 ms interval, but was not evident in the ERP results. In fact, an above-chance decoding accuracy meant that there was some activity in the neural signal that correlated with the stimulus category. We cannot be certain, however, from our results, whether the classifier distinguished between the two stimuli types were based on ambiguity or else, on a confounding factor that covaries with stimulus/trial type (Grootswagers et al., 2017; Bae and Luck, 2018).

Another unexpected result was that while ERP analysis showed that the amplitudes elicited by the two stimuli type differed between 500 and 600 ms in both the younger and in the older groups, decoding accuracy in the elderly was significant only in the less creative group between 500–565 ms; whereas in the creative group it was not significant at all. This might question our ERP result which we obtained within the 500–600 ms range in the elderly groups. However, it is of note that data from only 13 individual electrodes were analyzed in the ERP analysis, while all of the 27 electrodes and their relationship (i.e., activity pattern across electrodes) were taken into account during ERP decoding, so within this time window, more electrodes with more dimensions could have reduced the decoding accuracy (Grootswagers et al., 2017). With the positive component after 200 ms, we found the waves between younger and older groups differed - a shorter peak and an earlier onset decline in the elderly, while a more prolonged positivity appeared in the younger groups. Here, the decoding accuracy showed a similar pattern as the representation of stimuli lasted longer in younger adults, which might suggest that they were more interested in the stimuli.

In summary, we could not prove that creativity influences the early stage of perception. A limitation of the current study is the relatively small sample size; therefore, the discussed results should be treated with caution. Furthermore, in a cross-sectional study we cannot estimate the causal relationships; a longitudinal study would be necessary to track how creativity changes as a function of age-related decline in inhibitory processes, or whether other latent variables influence group differences. As a first step, using a domain-specific approach, we only narrowed our study to visual creativity. As creativity is a complex construct, in a further study we would divide the groups along cognitive styles; as possibly the adaptive and innovative component of creativity may influence early visual processing differently. Nevertheless, creativity had an effect on stimulus processing within the later processing phase (300-500 ms range) with indexing differences in top-down control, having more flexible cognitive control in the younger creative group. However, we found the older adults had deteriorated inhibitory processes, which not resulted in them having a wider attentional focus and being able to process more details in the ambiguous portrait paintings. Nonetheless, with the elderly having an inability to suppress the global percept, and to change to the processing of details, they demonstrated that the decreased inhibitory control was not an advantage for them.
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FOOTNOTES

1Note that early and late stages of the ERPs are not identical of the initial and later stages of the creative process. While in the former case also the late stage is within 1000 ms, in the latter case it can last from minutes to months.

2Nagy, B., Czigler, I., File, D., Csizmadia, P., Fáy, N., and Gaál, Zs. A (under review). Do Age- Related Changes In Cognitive Control Affect Creative Performance In Older Compared To Younger Adults?-An Erp Study Of Task-Switching.

3Unambiguous portraits were: Anonymous: William Shakespeare, van Gogh: Self-portrait, Michelangelo: Self-portrait, Bondar: Leo Tolstoy. Ambiguous portraits were: Oleg Shuplyak: William Shakespeare, Vincent van Gogh, Prophet Michelangelo, Anna Karenina (Leo Tolstoy) - with the permission of the artist.

4https://osf.io/29wre/
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