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Introduction

We owe everything to our creative ability: technology, research, medicine, facing the obstacles of life or even the entire human evolution depends on it. Creativity is defined by [START_REF] Lubart | Psychologie de la créativité (2e édition augmentée[END_REF] and [START_REF] Bonnardel | Entrée: Créativité[END_REF] as "the ability to produce work that is both new and appropriate for the task". Several theories have been advanced to account for the cognitive mechanisms involved in creativity. [START_REF] Mednick | The associative basis of the creative process[END_REF] hypothesized that creativity is supported by a flat associative hierarchy, i.e., the more remote the elements of a combination are from each other, the more creative the production becomes. In this theory, Mednick proposes that cognitive flexibility is a necessary process to propose creative combinations and thus new concepts. [START_REF] Mendelsohn | Associative and attentional processes in creative performance1[END_REF], defined people with high creative abilities as being able to maintain several parallel cognitive flows and to switch between them to use information by relying on attentional defocusing, which implies working memory (WM) [START_REF] Abraham | Creative conceptual expansion: A combined fMRI replication and extension study to examine individual differences in creativity[END_REF]. [START_REF] Martindale | Creativity, primordial cognition, and personality[END_REF], characterized creativity as a cognitive and behavioral disinhibition. Indeed, he argued that creative people can switch between a focused and defocused state of mind, which would be sustained by attentional flexibility. It is interesting to note here that for [START_REF] Miyake | The Unity and Diversity of Executive Functions and Their Contributions to Complex "Frontal Lobe" Tasks: A Latent Variable Analysis[END_REF], flexibility is one of the basic elements of WM. Based on all these theories, De [START_REF] De Dreu | Hedonic tone and activation level in the mood-creativity link: Toward a dual pathway to creativity model[END_REF] suggested that creativity is composed of two pathways: the flexibility pathway, which follows the models of Mednick and Mendelsohn, and the persistence pathway, which allows us to explore all solutions until the correct one is found. The latter is characterized by a focused and structured exploration of a few cognitive categories [START_REF] Dietrich | The cognitive neuroscience of creativity[END_REF] as well as incremental research processes [START_REF] Boden | Creativity and artificial intelligence[END_REF] that depend on WM.

An important notion that should be considered when studying creativity is analytical thinking, which has always been opposed to creative thinking. Indeed, creative thinking enables innovative solutions to be produced based on synthesis skills that require WM, while analytical thinking allows existing ideas to be evaluated and tested based on discrimination skills [START_REF] Ansburg | Creative and analytic thinkers differ in their use of attentional resources[END_REF]. For [START_REF] Nijstad | The dual pathway to creativity model: Creative ideation as a function of flexibility and persistence[END_REF], analytic thought alone cannot lead to creativity, so these two ways of thinking cannot occur at the same time.

From a brain function perspective, taskbased fMRI or EEG studies have investigated specific brain activations related to creativity [START_REF] Benedek | Elements of creative thought: Investigating the cognitive and neural correlates of association and biassociation processes[END_REF][START_REF] Pidgeon | Functional neuroimaging of visual creativity: A systematic review and meta-analysis[END_REF][START_REF] Rominger | Functional coupling of brain networks during creative idea generation and elaboration in the figural domain[END_REF][START_REF] Saggar | Changes in Brain Activation Associated with Spontaneous Improvization and Figural Creativity After Design-Thinking-Based Training: A Longitudinal fMRI Study[END_REF][START_REF] Stevens | Creativity comes in waves: An EEG-focused exploration of the creative brain[END_REF][START_REF] Takeuchi | Convergent creative thinking performance is associated with white matter structures: Evidence from a large sample study[END_REF][START_REF] Zhang | Metacontrol of human creativity: The neurocognitive mechanisms of convergent and divergent thinking[END_REF]. In these studies, the reported activations were registered during a creative task and were therefore specific to this task. Some works have also used a global approach to investigate differences between high-and lowcreative people using raw scores by studying brain connectivity at rest [START_REF] Beaty | Robust prediction of individual creative ability from brain functional connectivity[END_REF][START_REF] Beaty | Network neuroscience of creative cognition: Mapping cognitive mechanisms and individual differences in the creative brain[END_REF][START_REF] Belden | Improvising at rest: Differentiating jazz and classical music training with resting state functional connectivity[END_REF][START_REF] Cousijn | The Relation between Resting State Connectivity and Creativity in Adolescents before and after Training[END_REF][START_REF] Feng | Verbal Creativity Is Correlated With the Dynamic Reconfiguration of Brain Networks in the Resting State[END_REF][START_REF] Kenett | Community structure of the creative brain at rest[END_REF][START_REF] Schuler | Modulations in resting state networks of subcortical structures linked to creativity[END_REF]. The brain at rest is always activated, with some regions being coactivated at the same time. Resting-state networks reflect this coactivation, which can change over time. The work of many researchers [START_REF] Allen | A Baseline for the Multivariate Comparison of Resting-State Networks[END_REF][START_REF] Raichle | The Restless Brain[END_REF][START_REF] Zhang | Disease and the brain's dark energy[END_REF] led to the identification of 7 main resting-state networks: the default-mode network (DMN), the executive control network (ECN), the salience network (SN), the attentional network (AN), the sensorimotor networks (SMN), the visual networks (VN) and the auditive networks (AUN). The DMN, ECN and SN are the main networks reported to be involved in creativity (Beaty, Chen, et al., 2018;Beaty et al., 2014;[START_REF] Belden | Improvising at rest: Differentiating jazz and classical music training with resting state functional connectivity[END_REF]. Surprisingly, the AN has not been highlighted, while attentional abilities have emerged from the current cognitive theories explaining the mechanisms underlying creativity.

Based on inconsistencies between cognitive theories highlighting attention as a key process in creative thinking and resting-state fMRI data that have not shown the AN to be the most important network in creative people, in the present exploratory study, we propose a different approach for studying not the creative product but rather the upstream cognitive processes that may participate in the creative potential of an individual. The most common approach used to study brain activation associated with creativity is to distinguish between high-and low-creative people on the basis of their raw scores in a creative task. We believe that an approach based on a model of cognitive functioning that would allow a more comprehensive understanding of creative potential would be more relevant than the use of raw scores.

To test this assumption, we used partial least squares structural equation modeling (PLS-SEM). As indicated above, WM seems to be important for creativity, while analytical thinking is not. Indeed, our cognitive model questioned the extent to which each of these two cognitive abilities may explain creative performance evaluated via the Torrance Tests of Creative Thinking (TTCT). We differentiated high-and low-creative potential people based on their composite scores in the path model. Then, an fMRI analysis at rest was performed to isolate the difference in brain functional connectivity patterns between individuals with high-and lowcreative potential.

Method

Participants

We recruited 45 healthy subjects between 20 and 50 years of age (mean age ± SD = 34.12 ± 8.84 years; M/W=22/23; mean years of study ± SD = 14.13 ± 3.25). None of the participants reported any clinical or psychological disorders. In accordance with the Declaration of Helsinki, all the participants were fully informed of the experiment and provided their consent.

Cognitive assessment

Cognitive assessment was performed to evaluate the creative potential of the subjects as well as their WM and analytical thinking skills. To assess the creative potential, we used selected verbal and figural tasks of the TTCT form A. We selected verbal imagination tasks 1 to 3, 5 and 6 and imagination with drawings tasks 1 to 3. Tasks were scored following the guidelines derived from the TTCT [START_REF] Torrance | Torrance Tests of Creative Thinking: Norms-technical manual verbal forms A and B[END_REF][START_REF] Torrance | Torrance Tests of Creative Thinking: Streamlined scoring guide for figural forms A and B[END_REF]. For each task, we considered flexibility, fluence, originality and elaboration score. WM was evaluated through the sustained attention (SA) task from the TAP battery [START_REF] Zimmermann | Tests d'évaluation de l'attention (TEA)[END_REF]. In this task, geometric figures of different shapes, sizes and colors are presented to the subjects. These figures appear one after the other in the middle of the screen, and the subject must press a button as quickly as possible when 2 consecutive figures are of the same shape or color. This task requires a great deal of WM for the updating that must be done at each trial. We measured the response times (RTs) and the percentages of correct answers. Analytical thinking was assessed with Luria problem solving, where we measured the percentage of correct answers, and with a modified computerized version of the Tower of Hanoi developed by the Biomedical Research Institute of the Armies (IRBA, Bretigny sur Orge, France). For the latter test, there are 5 difficulty levels corresponding to 1 to 5 disks that can be transferred among three bases presented on the screen. The disks form a pyramid on the left base, and the goal is to transfer the pyramid to the right base with a minimum number of moves. When doing so,, the participant must follow several rules: only the disk on the top of the stack can be moved, only one disk can be moved at a time, and a larger disk cannot be placed on a smaller one. We recorded the RT and the number of moves.

PLS-SEM

PLS-SEM is an advanced statistical method based on exploratory techniques [START_REF] Bollen | Conventional wisdom on measurement: A structural equation perspective[END_REF]) that performs adequately with small sample sizes [START_REF] Hair | A Primer on Partial Least Squares Structural Equation Modeling[END_REF]. We have previously described the method in [START_REF] Paban | Resting Brain Functional Networks and Trait Coping[END_REF]. We used this method to evaluate the correlations between creativity and WM and analytic thought. PLS-SEM first analyzes the measurement model elaborated from indicator variables and then examines the structural model performed from our construct. The path model is translated into a set of equations describing a measurement model and a structural model [START_REF] Haenlein | A Beginner's Guide to Partial Least Squares Analysis[END_REF]. Briefly, in a first step, PLS-SEM validates the measurement model by assessing internal consistency, convergent validity (composed of the average variance-extracted scores for each construct and the outer landing for each indicator) and discriminant validity (composed of crosslanding). In a second step, PLS-SEM examines the structural model performed from latent variables by assessing the quality of relationships measured by the R 2 metric [START_REF] Riou | An introduction to the partial least squares approach to structural equation modelling: A method for exploratory psychiatric research: PLS-SEM in Psychiatric Research[END_REF].

Participant separation

An ascending hierarchical classification analysis was performed to separate participants based on their score in the path model. Briefly, similarities between latent variables' scores of every pair of participants were evaluated by calculating the Euclidean distance between participants. Participants were grouped into clusters using Ward's aggregation method, which links pairs of subjects who are close together into binary clusters forming a hierarchical tree. Finally, cutting the tree at the maximum dissimilarity provided two distinct clusters highlighting two groups of subjects.

Statistical

comparison of path coefficients between the 2 groups was performed using XLSTAT software (www.xlstat.com), which offers multigroup comparison methods in the framework of PLS path modeling presented by Goles and Chin in 2005. An adapted t-test based on bootstrap standard errors was used. Statistical significance was set at p≤0.05. Then, we considered the composite score calculated by the PLS-SEM model on the latent variable of creativity, and we calculated Student's t-test between the two groups of participants.

MRI acquisition

All subjects were scanned in a 3 T Siemens Prisma scanner (European Center for Research in Medical Imaging; CERIMED, Marseille, France) equipped with a circular polarized head coil. Images were acquired in the axial plane, parallel to the anterior-posterior commissure axis and covering the entire brain. We acquired T1 images (magnetization-prepared rapid gradient-echo (MPRAGE) sequence; TR=2.4 sec, TE=2.28 msec, flip angle = 8°, FOV= 256.0 mm, voxel size = 0.8 mm isotropic, and matrix = 256 × 256), and for the functional images, participants were asked to rest for 15 min with their eyes closed but not fall asleep (TR = 780 msec, TE = 30 msec, flip angle = 54°, FOV = 210 mm, voxel size = 2.5 mm isotropic, matrix = 210 × 210, slice thickness = 2.5 mm, 0.75 mm gap, and 1145 volumes). At the end of the scan, we asked participants whether they had fallen asleep during this 15 min resting-state period. None of them had fallen asleep. One subject did not close his eyes during the resting state, and so we discarded his data from the fMRI analyses.

MRI preprocessing and processing

Images from each subject (n=44) were preprocessed using the MATLAB toolbox SPM12 (MATLAB v18b) to correct distortion and movements (Voxel Distortion Maps were calculated based on individual field maps and then realigned and unwarped), and the anatomic data were realigned in the same space (coregister estimate) and segmented according to different brain tissues (segments: gray matter, white matter, LCR, bone tissue, soft tissue and residual tissue). Following this step, we normalized our data into the space defined by the Montreal Neurological Institute (MNI) using the DARTEL toolbox. Finally, the functional images were smoothed with a Gaussian Kernel of 6x6x6 mm to correct anatomical-functional variability. Because we were interested in the DMN, the ECN, the SN and the AN, we decided to use the ROIs derived from [START_REF] Allen | A Baseline for the Multivariate Comparison of Resting-State Networks[END_REF] (DMN, AN) and Raichle (2011) (DMN, ECN, SN) (cf. Table 1). Masks were created for each selected ROI from the DMN, ECN, SN and AN (MarsBar). In the Conn toolbox (Conn toolbox v17 f), images were bandpass filtered at 0.009 Hz -0.08 Hz to reduce the effect of low-frequency drift and high-frequency noise. The Artifact Detection Toolbox (ART) was used to identify outliers. For denoising, white matter, cerebrospinal fluid, motion and ART outliers were taken as confounders and removed from the signal by regression [START_REF] Behzadi | A component based noise correction method (CompCor) for BOLD and perfusion based fMRI[END_REF]. Finally, a functional connectivity analysis was performed using an ROI-to-ROI analysis (the DMN, ECN, AN and SN have 105, 6, 171 and 21 connections to be tested, respectively). The firstlevel analysis was performed to define functional connectivity measures of each pair of ROIs for each subject. Then, still in the Conn toolbox, the second-level analysis was performed to compare functional connectivity between high-and lowcreative potential people for the four functional networks by a Fisher test (two-sided analysis, a Benjamin-Hochberg method false discovery rate-corrected p (p-FDR) ≤ 0.05). We consider the cognitive data from the WM and analytic thought as covariable of non-interest, in order to remove the signal explain by this variable from the second level analysis. 

Results

Cognitive profile

The measurement model was constructed from data including all the participants (N=45) and included three reflective constructs: WM, analytic thought, and creativity. The reliability and validity results are given in Table 2. The validity of the measurement model was assessed by internal consistency, convergent validity and discriminant validity. Internal consistency was calculated using the composite reliability of the items. The internal consistency measures, as indexed by the composite reliability, ranged approximately 0.80, exceeding the recommended threshold value of 0.70. The average variance extracted (AVE) scores for each construct and the outer loading of each indicator were examined and represented the convergent validity. Discriminant validity was evaluated by assessing the cross loading. The convergent validity was acceptable, as AVE was above 0.5 for all three constructs. Each item's factor loading was significant (p<0.05, data not shown), and all but two were above 0.6. As the validity of the measurement model was assured, we used an ascending hierarchical classification method to separate subjects, which provided 2 distinct clusters corresponding to group 1 (N=25, W/M= 14/11) and group 2 (N=20, W/M= 9/11) (Fig. 1) no significant differences were observed between the two groups in term of age, sex and education level (Table 3). Therefore, we did not use any of these variables as a co-factor for fMRI processing. When latent variable creativity scores were considered, the data showed that the two groups performed differently: group 1 (high-creative potential group) had a higher creative score than group 2 (low-creative potential group) (Fig. 2). Student's t-test computed on this latent variable score between the two groups yielded a Fig. 1 Dendrogram of the hierarchical tree of clustering. We cluster the subject in two groups based on their cognitive results of the PLS-SEM with a Ward's aggregation method.

Table 3 Effects of age, years of education and gender (0 for men and 1 for women) between the two groups. Regarding the structural model in the two groups, the quality of the relationships was measured by the R2 metric, which reflects the level of the explained variance of the composites. The effect size f2 and Stone-Geisser's Q2, assessing the model predictive power, were computed [START_REF] Riou | An introduction to the partial least squares approach to structural equation modelling: A method for exploratory psychiatric research: PLS-SEM in Psychiatric Research[END_REF]. In the high-creative potential group, the results showed that the model was statistically significant, F=8.63, p=0.003, with an R 2 value of 0.50, indicating that a substantial amount of the variance was explained. Both paths yielded a significant effect. WM showed a positive correlation, whereas analytic thought showed a negative correlation with creativity (r= 0.403; p=0.014 and r= -0.535; p=0.003, respectively) (Fig. 3a). The effect size of each path calculated through f 2 values revealed a high effect of both WM (f 2 =0.44) and analytic thought (f 2 =0.69) on creativity (Table 4). The model's predictive power (Q 2 index) for creativity was 0.19. In the low-creative potential group (Fig. 3b), the model was statistically significant, F=6.74, p=0.005, with substantial explained variance of R 2 = 0.38. In this model, only analytic thought was significant, and it was negatively correlated with creativity (r= -0.582, p=0.013). The effect size of analytic thought calculated through f 2 values revealed a high effect (f 2 =0.33) on creativity (Table 4). The model predictive power (Q 2 index) of creativity was low at 0.08. The results of the multi-group t-test showed a significant difference between the high-and low-creative potential groups for the path coefficient related to WM and creativity (t(43)=2.036; p=0.049). 

Functional connectivity

The functional connectivity analysis showed no difference in the ECN between the high-creative potential group and the lowcreative potential group. However, significant changes in the AN, DMN and SN (p-FDR < 0.05) were identified (Fig. 4). In the AN (Fig. 4.a), the right intraparietal sulcus showed enhanced connectivity with the left inferior parietal gyrus (t(33)=4.60, p-FDR=0.0011), the left precuneus (t(33)= 3.87, p-FDR= 0.0041), the left middle temporal gyrus (t(33)= 3.75, p-FDR=0.0041), the right middle temporal gyrus (t(33)= 3.47, p-FDR= 0.0067), and the right inferior parietal gyrus (t(33)= 2.94, p-FDR= 0.0217). The right inferior parietal gyrus showed enhanced functional connectivity with the left middle frontal gyrus (t(33)= 3.20, p-FDR= 0.0444), the left precuneus (t(33)=2.85), p-FDR= 0.0444), the right superior temporal gyrus (t(33)= 2.55, p-FDR= 0.0483), the bilateral precuneus (t(33)= 2.54, p-FDR= 0.0483), and the left inferior parietal gyrus (t(33)= 2.54, p-FDR=0.0483). The right middle temporal gyrus showed enhanced functional connectivity with the bilateral precuneus (t(33)= 4.04, p-FDR= 0.0054) and the left middle frontal gyrus showed enhanced connectivity with the left superior frontal gyrus (t(33)= 2.97, p-FDR= 0.0495). In the DMN (Fig. 4.b), there was an increased connectivity between the bilateral precuneus and the right inferior temporal gyrus (t(33)=3.65, p-FDR=0.0124). Finally, the SN (Fig. 4.c) showed a decreased connectivity between the left lateral parietal gyrus and the right insula (t(33)= -2.94, p-FDR= 0.0361). 

Discussion

The aim of this study is to show that by studying creative potential rather than studying creativity through a single measure of creativity, we can highlight the involvement of the AN, which is highly in line with the literature on creativity showing that attentional ability underpins creativity. This exploratory study allowed us to differentiate high-and low-creative potential subjects based on their cognitive functioning using PLS-SEM. To the best of our knowledge, this is the first time that such an approach has been used in this context. The model considered three latent variables: WM, analytical thinking and creativity. We have seen that for both groups, analytical thinking is negatively correlated with creativity, meaning that the more creative a person is, the worse its analytical thinking is. This result agrees with data from [START_REF] Nijstad | The dual pathway to creativity model: Creative ideation as a function of flexibility and persistence[END_REF], showing that analytic thought makes it possible to find simple ideas linked to pre-existing concepts but does not lead to something original. In parallel, our cognitive results show that WM is positively correlated with creativity but only for the high-creative potential group. This result is in favor of the involvement of WM in the creative process, in line with the model of the dual pathway of creativity [START_REF] De Dreu | Hedonic tone and activation level in the mood-creativity link: Toward a dual pathway to creativity model[END_REF]. However, we also showed that in lower-creative potential people, no correlation exists between WM and creativity. This means that neither WM promotes nor hinders creativity. Thus, the relationship between WM and creativity is not linear. An explanation would be that WM will operate in conjunction with another cognitive process that is not included in our model to foster creativity. Further studies will be necessary to confirm this assumption.

Regarding functional connectivity differences between high-and low-creative potential people, we observed enhanced connectivity in both the AN and the DMN. The more activated regions in the AN show two nodes, the right intraparietal sulcus (Brodmann area (BA) 7) and the right inferior parietal gyrus (BA 39). These areas communicate more with regions in the left middle temporal gyrus (BA 21), left middle and superior frontal gyrus (respectively BA 8 and BA 9), the bilateral and left precuneus (respectively BA 7 and BA 31), the left inferior parietal gyrus (BA 40) and the right superior temporal gyrus (BA 22). All these areas are involved in creativity and particularly in insight [START_REF] Barbey | Architecture of cognitive flexibility revealed by lesion mapping[END_REF][START_REF] Ding | Shortterm meditation modulates brain activity of insight evoked with solution cue[END_REF][START_REF] Pidgeon | Functional neuroimaging of visual creativity: A systematic review and meta-analysis[END_REF][START_REF] Tik | Ultra-highfield fMRI insights on insight: Neural correlates of the Aha!-moment[END_REF][START_REF] Wu | Neural underpinnings of divergent production of rules in numerical analogical reasoning[END_REF]. Moreover, the precuneus is primarily involved in the retrieval of semantic information from WM and particularly for insight processes [START_REF] Cavanna | The precuneus: A review of its functional anatomy and behavioural correlates[END_REF]. Notably, BAs 7and 21 also show increased connectivity in the DMN, which is associated with WM and insight [START_REF] Ogawa | Large-scale brain network associated with creative insight: Combined voxel-based morphometry and resting-state functional connectivity analyses[END_REF][START_REF] Takeuchi | The Association between Resting Functional Connectivity and Creativity[END_REF]. BA 7, which, in our study, is common in AN and DMN in more creative people, is associated with object recognition by touch (stereognosis) and is a very important node in visual mental rotation [START_REF] Harris | Selective right parietal lobe activation during mental rotation[END_REF][START_REF] Podzebenko | Real and Imaginary Rotary Motion Processing: Functional Parcellation of the Human Parietal Lobe Revealed by fMRI[END_REF]. Moreover, BA 21 is involved in visual object recognition, and BA 39 is an associative area involved in perception, vision and reading. Interestingly, [START_REF] Mechelli | Where Bottom-up Meets Top-down: Neuronal Interactions during Perception and Imagery[END_REF] showed, by comparing a visual perception task and a visual mental imaging task, that all these regions form the visual mental imaging network. This pattern of activation in creative people leads us to hypothesize that there is an active link between mental imagery, insight processes and WM.

Our results also show modified functional connectivity within the SN for those with higher creative potential. There is a decrease functional connectivity in SN between the lateral parietal lobe (BA 39) and the right insula (BA 13). The latter structure is involved in insight [START_REF] Shen | Is creative insight taskspecific? A coordinate-based meta-analysis of neuroimaging studies on insightful problem solving[END_REF] and also in a lot of cognitive function, especially decision making [START_REF] Uddin | Structure and Function of the Human Insula[END_REF]. Furthermore, given that the lateral parietal (BA 39) is involved in episodic memory recall [START_REF] Benedek | Creating metaphors: The neural basis of figurative language production[END_REF] and that in order to make decisions, we must to base them on our lived experience [START_REF] Madore | Creativity and Memory: Effects of an Episodic-Specificity Induction on Divergent Thinking[END_REF], we think that this decrease in connectivity between these two structures, among people with greater creative potential, would imply that decision making takes less account of the person's past experiences to allow creative responses to emerge. This assumption is coherent with what [START_REF] Gupta | The Road Not Taken: Creative Solutions Require Avoidance of High-Frequency Responses[END_REF] suggest, they say that, to be original we need to inhibit what has already been done, what is common, in order to go for something new.

Taken together, our cognitive and functional connectivity results showing a positive correlation between WM and creativity, as well as greater functional connectivity within the AN and the DMN in high-creative potential people, suggest that these two networks are key points in creativity through WM processes involving mental imagery and insight processes. We have also highlighted a decreased connectivity within the SN, suggesting a difference in the way decision-making is done among high-creative potential people, it takes less account of their experience to go through something new. Notably, our results, although largely in line with the literature, stress the involvement of the AN in high-creative potential people, which is not commonly highlighted in other studies, and not the involvement of the ECN, which is usually emphasized. This circumstance can be explained by the fact that in the literature, high-and low-creative people are mainly distinguished on the basis of a single task (an alternative uses task or the remote associative task); consequently, the results for functional connectivity are related to functioning in these specific tasks, precluding characterization of the resting-state functional connectivity related to creative potential. Moreover, in this work, we used a cognitive functioning approach; thus, we think that the results of functional connectivity reflect a more comprehensive representation of creative potential. This interpretation is consistent with Riegel et al's statement (1966) that reducing an interpretation of creativity to the lowest level of associative processes is not necessary. Furthermore, we think that when the subjects' differentiation was based on correlation of raw scores, such as in the literature, the focus was made on cognitive processes strictly necessary for the completion of the specific creative task. When the subjects' differentiation was approached by a cognitive functioning model based on the correlation of composite scores, as in our study, the focus was on cognitive processes underlying creative potential.

General conclusion and limitations

In conclusion, the results from this exploratory study clearly show that the classification of individuals as having high or low creative potential by highlighting different aspects of creativity is associated with specific features of resting-state brain functional connectivity, as described above. We believe that approaching the creativity levels of individuals through creative potential using a cognitive functioning model may be more relevant than previous methods of studying creativity and associated cerebral networks. Our results show that the AN and the DMN seem to be essential for creativity expression through WM processes involving mental imagery, a focus that has never been highlighted to date.

However, our results must be confirmed with a larger sample size in a future confirmatory study. Likewise, our cognitive model is limited and would require further elaboration to determine the relationships more accurately between mental imagery, WM, insight and creativity from both cognitive and functional viewpoints.

Fig. 2

 2 Fig. 2 Mean composite creative score. Low creative potential group is in the left and high creative potential group is in the right

Fig. 3

 3 Fig. 3 Structural model of the direct effects of working memory, analytic thought, and creativity. a) High creative potential group; b) Low Creative potential group. Big row for high significative correlation, normal row for significant correlation and discontinuing row for non-significant correlation

Fig. 4

 4 Fig. 4 Contrast of functional connectivity between the high and the low creative people (High creative potential > Low creative potential). a) Attentional Network; b) Default Mode Network; c) Salience Network. Red line represents positive correlation and blue line corresponds to negative correlation. The degree of red or blue correspond to the correlation's level.

Table 1

 1 Regions of interest coordinates

	Region	Laterality	BA	x	y	z
	DMN					
	inferior parietal gyrus	L	BA 39	-46	-66	
	Inferior parietal gyrus	R	BA39	49	-63	
	Inferior temporal gyrus	L	BA21	-61	-24	-9
	Inferior temporal gyrus	R	BA21	58	-24	-9
	Medial dorsal thalamus	Bi-lateral	BA50	0	-12	9
	Precuneus	Bi-lateral	BA7	1	-64	
	Posterior cingulate cortex	Bi lateral	BA23	0	-52	
	Angular gyrus	L	BA 39	-43	-69	
	Angular gyrus	R	BA39	47	-66	
	Anterior cingulate cortex	Bi-lateral	BA32	0	41	4
	Middle cingulate cortex	Bi-lateral	BA32	0	21	
	Medial frontal gyrus	Bi-lateral	BA10	-1	45	-9
	Inferior frontal gyrus	R	BA47	32	22	-15
	Middle frontal gyrus	R	BA8	26	33	
	Middle frontal gyrus	L	BA8	-26	26	
	ECN					
	Dorsal medial PFC	Bi-lateral	BA8	0	24	
	Anterior PFC	L	BA6	-44	45	0
	Anterior PFC	R	BA6	44	45	0
	Superior Parietal	L	BA39	-50	-51	
	AN					
	Cingulate gyrus	Bi-lateral	BA 32	0	22	
	Inferior parietal gyrus	L	BA40	-47	-57	
	Inferior parietal gyrus	R	BA 39	42	-56	
	Intra-parietal sulcus	R	BA 7	27	-65	
	Middle frontal gyrus	L	BA 8	-27	24	
	Middle frontal gyrus	R	BA 8	34	24	
	Inferior frontal gyrus	L	BA 45	-43	24	
	Superior frontal gyrus	L	BA 9	-32	38	
	Superior frontal gyrus	R	BA 9	33	39	
	Precuneus	L	BA 31	-6	-52	
	Precuneus	Bi-lateral	BA 7	0	-53	
	Middle temporal gyrus	L	BA 21	-62	-37	-12
	Middle temporal gyrus	R	BA 21	64	-39	-11
	Superior temporal gyrus	L	BA 22	-56	-48	-18
	Superior temporal gyrus	R	BA 22	57	-44	
	Angular gyrus	L	BA 39	-33	-64	-31
	Precentral gyrus	R	BA 6	51	2	
	Insula	L	BA13	-46	15	-5
	Insula	R	BA 13	45	18	-6
	SN					
	Dorsal anterior cingulate	Bi-lateral	BA32	0	21	
	Anterior PFC	L	BA10	-35	45	
	Anterior PFC	R	BA9	32	45	
	Insula	L	BA13	-41	-3	6
	Insula	R	BA13	41	3	6
	Lateral parietal gyrus	L	BA39	-62	-45	
	Lateral parietal gyrus	R	BA39	62	-45	

Table 2

 2 Assessment of the measurement model: internal consistency (composite reliability), convergent validity (loading and AVE), and discriminant validity (cross loading). Items in bold represent loadings >0.50 threshold.

Table 4

 4 Effect size of the structural model paths.
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