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Continuity in intuition and insight: 
from real to naturalistic virtual 
environment
M. Eskinazi1 & I. Giannopulu2*

Intuition and insight can be deployed on the same continuum. Intuition is the unconscious ability 
to create links between information; insight is a process by which a sudden comprehension and 
resolution of a situation arises (i.e. euréka). In the present study, real and virtual environments 
were used to trigger intuition and insight. The study hypothesised that immersion in real primed 
environments would facilitate the emergence of intuition and insight in a virtual environment. 
Forty nine healthy participants were randomly assigned to two groups: “primed” and “non primed.” 
“Primed” participants were immersed in a real environment with olfactory and visual cues; “non 
primed” participants did not receive any cues. All participants were exposed to a 3D naturalistic virtual 
environment which represented a district in Paris via a Head Mounted Display (HMD). Locations 
presented in the virtual scene (i.e. café places) were related to both olfactory and visual primes (i.e. 
café) and were based on the continuity between real and virtual environments. Once immersed in the 
virtual environment, all participants were instructed to use their intuition to envision the selected 
locations during which Skin Conductance Responses (SCRs) and verbal declarations were recorded. 
When initiation (a) and immersion (b) phases in the virtual environment were considered, “primed” 
participants had higher SCRs during the immersion phase than the initiation phase in the virtual 
environment. They showed higher SRCs during the first part of the virtual immersion than “non 
primed” participants. During the phenomenological interview, “primed” participants reported a higher 
number of correct intuitive answers than “non primed” participants. Moreover, “primed” participants 
“with” insight had higher SCRs during real environment immersion than “primed” participants 
“without” insight. The findings are consistent with the idea that intuitive decisions in various tasks are 
based on the activation of pre-existing knowledge, which is unconsciously retrieved, but nevertheless 
can elicit an intuitive impression of coherence and can generate insight.

In everyday real life-situations, we are constantly and rapidly settling issues and making decisions based on 
incomplete information. Unconscious feelings and thoughts, which facilitate these decisions are essentially 
qualified as intuition. The most common paradigm to study intuition (or intuitive answers) is to investigate 
the semantic coherence of word-triads1–4. The typical empirical finding is that individuals are usually accurate 
in achieving this task. This suggests an undisputed continuity in the intrinsic perceptual processes of informa-
tion based on semantic process. A neglected question is the analysis of the strategies people use to create links 
between cues which will trigger insight, in real vs artificial environments. Based on bi-modal visual and olfactory 
signals, the objective of the present study was to analyse intuition and insight on a continuum starting from a 
real environment and extending to a naturalistic virtual environment.

Intuition is defined as “a sense of knowing without knowing how one knows”5. It involves a complete and 
expeditious feeling of coherence extracted by signals in the environment6,7. The most accepted idea is that intui-
tion is inherently associated with pre-established knowledge informed by implicit memory and learning8,9. Linked 
to these implicit processes, intuition performs in an unconscious automatic mode from which emerge feelings 
and thoughts that can give rise to conscious verbal and/or nonverbal declarations. In other words, intuition can 
be conceived of as a continuum starting from automatic and implicit processes based on sensory visual, and/
or olfactory inputs and leading to organised verbal/nonverbal decisions. This is consistent with Bower’s et al.’s1, 
model that proposes a two-stage process: during the first stage, named the guiding stage, one assembles verbal 
and/or nonverbal cues and progressively combines them into a coherent but not precise scheme; during the sec-
ond stage, entitled the integrative stage, combined information is associated with mnemonic implicit traces and is 
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able to propose an option once a given perceptual threshold is reached. It is evident that everything is organised 
at an unconscious level where representations of the provided information are organised, thoughts develop and 
can be gradually transferred to consciousness. The question of whether intuition and implicit memory are the 
same or distinct processes is an open one. Current theoretical approaches propose that intuition depends on 
implicit memory, but it is specific per se10.

In priming, an individual is first in contact with a verbal or nonverbal information without being aware 
of the relevance of whether it is treated unconsciously or not. Then, the same individual is in contact with the 
same information (e.g. a triangle), or a conceptual variation of it (e.g. triangle vs geometry). Both situations 
involve coherent judgements that necessitate, on one hand, identifying the consistencies between the perceived 
information and on the other, establishing mental representations based not only on provided information but 
also on information activated in memory. Therefore, one responds based on feeling without being aware of the 
cognitive processes and the cues that are used to infer a specific answer. With this in mind, it seems that intui-
tion is linked to knowledge and priming to feelings. Based on unconscious analysis, priming can be considered 
an implicit knowledge form.

The association between intuition and insight is still unclear7. Intuition and insight seem to be qualitatively 
distinct. Insight is reported to be a discontinuous process resulting from a mental restructuring mechanism. As 
such, insight is linked to the representational change theory according to which previous information and knowl-
edge has a negative effect on the generation of solutions11. Both prior information and experience introduce a 
kind of stalemate that provokes inappropriate resolution which, in turn, constitutes the requisite condition for 
representational modifications, i.e. the restructuring process, that gives rise to insight12. The representational 
approach eliminates the intuitive precursor of insight. Supposedly similar, intuition and insight can be expressed 
on the same continuum13,14. Intuition signifies solutions based on tacit representations and can presage insight; 
insight designates a sudden comprehension and resolution of a situation, (i.e. euréka), by combining various 
elements14. As such, the mechanism that paves the way from intuition to insight gradually develops from a tacit 
information towards an explicit comprehension and expression. Explicit representations progressively emanate 
from implicit knowledge built on environmental cues. In that context, accumulated implicit knowledge antici-
pates explicit representations; implicit knowledge is the unconscious messenger of insight. According to this 
approach, intuition and insight are intrinsically interlaced. However, the cognitive and physiological mechanisms 
that authorise the enactment from felt intuition to substantiate insight are still unclear. For a better understanding 
of these mechanisms, intuition and insight need to be explored within the same procedure and participants via 
both physiological and cognitive processes. This is the overarching research aim of the present study.

Studies have shown that the neural components of intuition implicate a specific part of the prefrontal cortex, 
the anterior medial orbitofrontal cortex (OFC)14, which is considered a rapid detector of nonverbal information15 
since it intervenes in early stages of object recognition (e.g. drawings of nameable objects). A kind of global and 
imprecise representation appears to be generated and involved in a top-down processing towards neural areas 
essentially facilitating actions. Luu et al.16 suggested that the OFC intervenes in order to facilitate preliminary 
perception and recognition processes of a visual stimulus (i.e. judgment of line fragments). When participants 
are, therefore, invited to perform visual coherence judgments, OFC activation seems to be dependent not only on 
physical stimulus characteristics, but also on task specifications17. Other parts of the prefrontal cortex (PFC) are 
also activated when participants are involved in insightful problems18,19 indicating high order cognitive processes 
such as semantic recuperation of information. However, the prefrontal cortex is not the only structure implicated 
in intuitive judgments of consistency and insight. Using triads intuitive tasks inviting the participants to perform 
semantic judgments, Ilg et al.20 reported activations not only in the OFC but in bilateral associative areas of the 
inferior parietal cortex and also in the right superior temporal cortex. Superior temporal cortex is also involved 
in insight18. In the same vein, when participants were instructed to solve verbal problems and indicate whether 
they solved them with or without insight, fMRI revealed specific metabolic activity in the anterior superior tem-
poral gyrus of the right hemisphere. Interestingly, EEG recordings revealed a rapid activation of high-gamma 
oscillations (i.e. superior to 30 Hz) in the same neural area starting 0.3 s prior to insight answer21. Furthermore, 
the literature about priming and implicit memory suggests bilateral occipitotemporal regions indicated blood 
flow reductions during a word-stem completion task22.

Insightful solutions have been described to provoke subtle neural modifications in hippocampi, parahip-
pocampi gyri, anterior and posterior cingulate cortex23,24 and amygdala19. Such areas are involved in various 
cognitive processes including memory, motivation, and emotion25. In addition, changes comprising the ventral 
segmental area (VTA), nucleus accumbens (NAcc) and caudate nucleus underlining the affective aspects of 
insight have been identified26.

From the above, it is clear that there are diverging behavioural and neural correlates of insight and intuition, 
which is probably due to their inconsistent operationalisation. Only a few studies reported automatic correlates 
(i.e. involuntary neurophysiological correlates) with respect to the autonomic nervous system and suggested 
that both intuition and insight are associated with modification in electrodermal activity. Specifically, when 
healthy participants were invited to perform problem-solving tasks, their electrodermal responses were greater 
for insight trials compared to non-insight ones27. Similarly, the unconscious analysis of a familiar face in healthy 
participants28,29 and prosopagnosic patients30 involving intuition are associated with an increase in electrodermal 
activity. Electrodermal activity per se seems to be the only autonomic marker that reflects sympathetic neuronal 
activity31 which is associated with an unconscious process based not only on intuition32, but also on memory 
recall and decision-making processes33. Electrodermal activity is dependent on cortical and subcortical area 
functioning. Increases in electrodermal activity have been found to be associated with direct activation of cin-
gulate, lateral prefrontal cortex, medial and middle temporal gyrus33,34 and with the insula, pre and post central 
gyri, putamen and parietal cortices35.
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In the present study, it was considered that the continuity between sensory information (i.e. visual-olfactory-
visual) would facilitate the emergence of intuition and insight. To create a sense of continuity, in terms of “being 
there”36–38, eliciting natural reactions39,40, healthy participants were immersed in a virtual naturalistic environ-
ment after having been immersed in a real environment. A repeated bi-modal design, both visual and olfac-
tory, associated with café places afforded continuity between real and virtual environments. First, posters of a 
Parisian café place (i.e. visual prime) together with real coffee cups and odours (i.e. visual and olfactory primes) 
were presented to trigger coherent unconscious representations in the real environment. Then, participants 
were immersed in a virtual environment showing a Parisian district with many shops including cafés (i.e. visual 
prime). All participants were verbally instructed to use their intuition to solve a specific problem: figure out the 
appropriate places (i.e. café(s)), and name them when they passed by. To that end, an experimental group (with 
visual and olfactory primes) was compared to a control group (without any visual and/or olfactory primes). The 
general hypothesis was that based on the bi-modal sensory information (visual and olfactory) which affords 
continuity, the immersion in the real environment (with primes) would facilitate the emergence of intuition and 
insight in a virtual environment (Fig. 1).

Method
Participants. Forty nine adult volunteers participated in the study. Twenty three (10 males and 13 females) 
were designated as “primed” participants; twenty six (12 males and 14 females) were “non primed” participants. 
Their age was 29 years old on average (std 4.1 years). Both groups were immersed in a virtual environment via 
a Head Mounted Display (HDM). All participants were equally recruited from two Universities in terms of 
gender, cultural and socio-economical status. They were all from middle and high socioeconomic background. 
All participants had normal or corrected-to-normal vision and no history of vestibular, cardiac or neurological 
disorders of spatial perception and orientation. All individuals gave their informed consent both verbal and in 
written for their participation in the study and data analysis. However, they did not allow us to release the indi-
vidual data.The study was approved by the CNRS ethics committee, local ethic committees of both universities, 
and conformed to the declaration of Helsinki 2.0. Anonymity was guaranteed.

Figure 1.   Representation of intuition and insight continuum within real (dark gray colour) and naturalistic 
virtual (orange colour) environments. Healthy participants were immersed in a real environment which 
provided visual and olfactive information associated with "café" and "café drink" and the visual location of 
"café shops" in a naturalistic virtual environment (i.e. a Parisian district). Visual and olfactive information was 
displayed to engender coherent implicit representations in the real environment, afford continuity and facilitate 
the emergence of intuition and insight (i.e. euréka) in the virtual environment. Autonomic (unconscious) 
activity mirrored by related event Skin Conductance Responses were recorded during the whole immersion 
(both in real and naturalistic virtual environments); verbal (conscious) expressions were considered during the 
virtual immersion.
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Visual environment and Experimental devices.  A Head Mounted Display (HMD) adapted for two 
identical Smartphones was used to display the virtual environment. The field of vision (FOV) of the smart-
phone was 50.9° diagonal at full overplay. The HMD was fitted with two visual lenses with FOV of 100°. The 
virtual environment was a 3D replica of a real urban scenario pre-recorded on video named “Louvre-Rivoli” 
scenery41–44. Representing a part of the 1st district of Paris between the Louvre museum and the Opera, the 3D 
scenery is a naturalistic virtual environment. The environment started at the Pyramid square and continued 
down Pyramid street until the intersection with St Honoré street; then left on St Honoré street in the direction of 
Palais Royal Square, down Rohan street and right on Rivoli street to arrive at the Pyramid square straight ahead. 
In that district, there were 29 different locations: 12 restaurants, 6 cafés, 4 hotels, 2 public places, 2 museums, 2 
banks and 1 chemist. The environment was controlled by a MacBook Pro computer.

An Affectiva Q Sensor bracelet was used to measure electrodermal activity across the skin. This measure-
ment involved a tiny amount of direct current between two electrodes in contact with the skin45–47. The unit of 
measurement was microSiemens (μS).

Procedure.  The procedure comprised of four phases: (a) immersion in real environment (i.e. ImRE); (b) 
initiation into the virtual environment (i.e. InVE); (c) immersion in virtual environment (i.e. ImVE); (d) phe-
nomenological interview.

Immersion in real environment (i.e. ImRE).  All participants were randomly assigned to the “primed” 
or “non primed” group. The “primed” participants were immersed in a real environment enriched by visual 
information and olfactory information. First, “primed” participants were led to the experimental room through 
a specific corridor where they had the possibility to perceive the posters with “Café scenes” in Paris, hung up on 
the walls (i.e. visual prime). In order to avoid consciously noticing the posters, the experimenter spoke with the 
participants while walking along the corridor, after which, both the experimenter and the participant entered 
the experimental room. The experimental room was composed of visual information associated with a café on a 
poster, and olfactive information was produced by cups filled with coffee put on a table (i.e. visual and olfactory 
primes). Two experimenters were present in the room. Twice during the immersion in the real environment 
(ImRE), one experimenter drank coffee in front of each participant (Fig. 2).

The “non primed” participants were immersed in the same real environment that was neutral (i.e. no visual 
information in the corridor, no visual and olfactory information, that is posters and coffee odours, no informa-
tion associated with café places, and no cups in the experimental room). All “non primed” participants were 
immersed in the same virtual environment as the “primed” participants.

Figure 2.   Example of real environment immersion (ImRE) with olfactive and visual information for "primed" 
participants (designed by Cécile). Note that "primed" participants were equipped with the HMD device when 
initiated and immersed into the virtual environment (InVE and ImVE respectively) (a) they did not wear the 
HMD device when immersed in the real environment (b). The configuration (with and without HMD) was the 
same for "non primed" participants.
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When experimenters and participants were in the experimental room, the electrodermal activity (i.e. baseline 
recording) was recorded for 1 min in silence for each “primed” and “non primed” participant with the Affectiva 
Q sensor bracelet.

Initiation to virtual environment (i.e. InVE).  In the initiation phase, both “primed” and “non primed” 
participants were immersed in the 3D naturalistic virtual environment “Louvre-Rivoli" via the HMD for 3 min. 
Each participant was seated on a comfortable chair, with the participant’s back and shoulders in contact with 
the seat back. Each participant was asked to orient his/her head straight ahead. As soon as the participant’s head 
was in the correct position and after the participant declared that s/he was ready, the virtual environment was 
presented on the HMD’s screen. The HMD had built-in stereo headphones through which pink noise was deliv-
ered. The presentation of the virtual environment signalled the beginning of the experiment, with the participant 
sitting correctly and looking at the middle of the virtual environment. The electrodermal activity of each partici-
pant was recorded during the immersion phase (3 min). The participants were informed that the stationary envi-
ronment would move and during the scene’s motion they would be able to visit a Parisian district. Participants 
were told to observe the environment. The participants were immersed in an optokinetic virtual environment.

Immersion in virtual environment (i.e. ImVE).  During the immersion in the virtual environment, each 
participant was in the same physical situation as in the “initiation” (InVE) phase and immersed in the same 3D 
virtual environment. Each participant was given three trials of 3 min each. The inter-trial interval was approxi-
matively 60 s. Each participant was informed again that s/he would be immersed within a virtual environment 
that represented a part of the 1st district of Paris. It was also explained that in the district some places had been 
selected along the streets. The participant was instructed to use his/her intuition to figure out the selection of the 
places, and indicate them verbally (i.e. name them) when s/he passed by. In order to ensure that the participants 
had understood the task, each participant was asked to repeat the instruction to the experimenter. The electro-
dermal activity of each participant was recorded during each trial. The total duration of the immersion in the 
virtual environment was approximatively 12 min (Fig. 3).

Phenomenological interview.  By the end of the experiment, one of the experimenters, always the same, 
conducted a structured phenomenological interview. Both "primed" and "non primed" participants were asked 
the same questions, regarding their mental strategies13. More particularly, the participants were asked: (a) what 
they thought once immersed in the virtual environment; (b) what they did to find the solution; (c) how they 
found the solution; (d) how they understood that the solution was "café" (e) what was/were their strategies to 
figure out the place. The aim of this interview was to comprehend how participants answered during the virtual 
immersion (ImVE), on what criteria they based their decisions about which places they had selected, and if they 
had an “insight” of the solution or not.

Data analysis.  Pre‑processing.  Data analysis was carried out in Matlab 2019a. Prior to the analysis, skin 
conductance data was converted back to a waveform signal with 125 Hz time resolution. First a low-pass filter 
with a cut-off frequency of 5 Hz was applied in order to eliminate high-frequency noise. Afterwards a high-pass 
filter (frequency = 0.05 Hz) performed the separation of the tonic and phasic part of the signal. The cut-off fre-

Figure 3.   Schematic representation of the experimental procedure and naturalistic virtual environment41–44. 
Participants have been through immersion into real environment (ImRE), initiation into virtual environment 
(InVE) and immersion into virtual environment (ImVE). “Primed" and “non primed” participants had 
been immersed into the real environment “with” primes and “without” primes respectively. Each participant 
performed three consecutive tours when immersed into the virtual environment (ImVE).
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quency was chosen according to the typical characteristics of the electrodermal activity48. For additional noise 
reduction in the phasic part, the signal was once more low-pass filtered with a cut-off frequency of 5 Hz. This 
method allowed us to select for analysis only the rapid phasic components, isolating Event Related Skin Con-
ductance Responses (ER-SCRs)49–51. The time series was then z-transformed and all values were transformed 
into absolute values to account for between-subjects variance in ER-SCR amplitude, which can be due to periph-
eral factors such as skin properties. ER-SCRs will referred to as SCR in the following sections.

Statistical analysis.  The Skin Conductance Responses (SCRs) of each participant (“primed” and “non 
primed”) were recorded in three phases: “immersion in real environment (i.e. ImRE)”, “initiation in virtual 
environment (i.e. InVE)” and “immersion in virtual environment (i.e. ImVE)”. In the “ImVE” phase, three tours 
were performed and SCRs were recorded for each tour. Data were collected during each phase (ImRE, InVE and 
ImVE), and each tour during the “ImVE” phase at a sampling rate of 480 data points per minute resulting in 
5760 data points per participant. The total number of data points was 132 480 for the “primed” group, and 149 
760 for the “non primed” group. Data assumption controls were conducted using IBM SPSS Statistics 25 software 
to determine the appropriateness of analysis. Linearity was assessed via visual inspection of a scatterplot matrix 
and evidence of a linear relationship was not met, thus indicating a violation of this assumption. Sphericity 
was assessed via Mauchly’s test with a Greenhouse–Geisser epsilon (ε) and a significant value of 0.301 indicat-
ing a violation of the assumption. Normality was assessed via Shapiro–Wilk test. All data distributions gave a 
significance of level less than 0.05 indicating a violation of the assumption of normality. Note that violations 
of assumptions influence Type I and Type II errors resulting in erroneous inferential measures63. Based on the 
above, the Friedman’s two-way test of variance by ranks, which is a non-parametric alternative to the repeated 
measures ANOVA, was chosen to compare SCR medians52 between each phase for both “primed” and “non 
primed” participants. Mann–Whitney test was carried out to compare SCR medians between "primed" and "non 
primed” participants. In addition, Yate’s chi-square test was used to compare the frequencies of “primed” and 
“non primed” participants “with insight”.

Results
Physiological results.  Under the hypothesis that immersion in the real environment with primes (i.e. 
ImRE) would facilitate the emergence of intuition and insight in the virtual environment (i.e. ImVE), it was 
expected that Skin Conductance Responses (SCRs) would be higher for “primed” than “non primed” partici-
pants. Note that all participants reported self-motion once immersed in the virtual environment. None of them 
experienced motion sickness or similar symptoms.

Figure 4.   Median SCR comparisons between immersion into real environment (ImRE); initiation into 
virtual environment (InVE); and immersion into virtual environment (ImVE) for “primed" and “non primed” 
participants (**p < 0.001).
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At the inter-individual level, results showed that the median SCRs did not significantly differ between 
“primed” and “non primed” participants when immersed in real (i.e. ImRE) and in virtual environments (i.e. 
ImVE) (Mann–Whitney U = 279, p = 0.688, for ImRE; and U = 256, p = 0.389 for ImVE) (Fig. 4). More particularly, 
the median SCRs for “primed” and “non primed” participants were Mdn = 0.005 and Mdn = 0.002 for the ImRE 
and Mdn = 0.002 and Mdn = 0.014, for the ImVE respectively. Additionally, the median SCRs were similar when 
“primed” and “non primed” participants were initiated in the virtual environment (i.e. InVE) (Mann–Whitney 
U = 278, p = 0.674) (Mdn = 0.0026, and Mdn = 0.0065 respectively).

At intra-individual level with “primed” participants, the median SCRs were higher in the ImVE phase 
(Mdn = 0.014) than in InVE phase (Mdn = 0.002) (χ2 (2) = 8.696, p = 0.013) and similar between ImRE and 
InVE phase (χ2 (2) = 1.087, p = 0.297 with Mdn = 0.005 and Mdn = 0.014 for each phase respectively) and between 
ImRE (Mdn = 0.005), and ImVE phase (Mdn = 0.014) (χ2 (2) = 1.087, p = 0.297). Regarding “non primed” partici-
pants, the median SCRs did not significantly differ between ImRE (Mdn = 0.002) and InVE phase (Mdn = 0.006), 
ImRE (Mdn = 0.002) and ImVE phase (Mdn = 0.005) and InVE (Mdn = 0.006) and ImVE phase (Mdn = 0.005) 
(χ2 (2) = 4.846, p = 0.089).

With regard to physiological state, only the Immersion in Virtual Environment phase (ImVE) was analysed. 
According to the hypothesis, if there is a continuity between intuition and insight, the repetition of tours would 
modify the SRCs of the “primed” participants. Both intra-individual and inter-individual levels were analysed.

First, the median SCRs within each tour inter-individually were compared (Fig. 5). The statistical analysis showed 
that during the first tour, the median SCRs were higher for the “primed” (Mdn = 0.011) than the “non primed” partici-
pants (Mdn = 0.000) (Mann–Whitney U = 144.5, p = 0.002) but did not significantly differ between “primed” and “non 
primed" participants for the second (Mdn = 0.007 vs Mdn = 0.004) and the third tour (Mdn = 0.012 vs Mdn = 0.003) 
(Mann–Whitney U = 322, p = 0.645 and Mann–Whitney U = 233, p = 0.186 respectively). After, the median SCRs 
between the three tours intra-individually were compared. For the “primed” participants, the median SCRs were 
similar between the first (Mdn = 0.01), the second (Mdn = 0.007), and the third tour (Mdn = 0.01), (χ2 (2) = 3.217, 
p = 0.200). For “non primed” participants, the median SCRs were lower in the first (Mdn = 0.0004), than in the second 
tour (Mdn = 0.004), (χ2 (2) = 15,385, p = 0.000), and the third tour (Mdn = 0.003) (χ2 (2) = 12.462 p = 0.000) but similar 
between the second (Mdn = 0.004), and the third tour (Mdn = 0.003), (χ2 (2) = 0.000, p > 0.99).

Regarding “insight”, it was hypothesised that “primed” participants “with insight” of the intuitive question 
would have higher SCRs, than “primed” participants “without insight” (both in ImRE and ImVR phases) (Fig. 6). 
Only the SCRs of participants who verbally declared that “they knew what the place was” from the beginning of 
the experiment (ImRE) were analysed. The Wilcoxon test showed that the median SCRs of the primed participants 
“with insight” was higher (Mdn = 0.0624) than the median SCR of the participants “without insight” (Mdn = 0.021) 
(T = 97, p = 0.0316) in the ImRE phase but they were similar in the ImVE phase (Mdn = 0.058) for the “primed” 
participants “with” insight (Mdn = 0.045) and for those “without" insight (Wilcoxon T = 154, p = 0.58).

Figure 5.   Median SCR comparisons between “primed” and “non primed” participants during the immersion 
into virtual environment (ImVE) for the 1st, 2nd and 3rd tours (*p < 0.05 , **p < 0.001).
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Figure 6.   Median SCR comparisons for "primed" participants “with” and “without” insight during immersion 
into real (ImRE) and virtual (ImVE) environments (*p < 0.05).

Figure 7.   Median number of responses associated with “café” location provided by “primed” and “non primed” 
participants when immersed into the virtual environment (ImVE) (*p < 0.05).
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Behavioural results.  According to the criteria, only decisions directly associated with the "cafés" places 
were considered. More precisely, only “cafés” or “café-bar” were the correct solutions. All other solutions, e.g. 
shops, banks, restaurants, museums and hotels were disregarded. Note that in the virtual environment, there 
were 29 different locations: 12 restaurants, 6 coffees shops, 4 hotels, 2 public places, 2 museums, 2 banks and 
1 chemist. With regard to the hypothesis, if there was continuity between intuition and insight, the correct 
reported intuitive responses would be in favour of “primed” participants. Consistently, the results showed that 
the median number of correct decisions was higher for “primed” (Mdn = 5.5) than “non primed” (Mdn = 3.25) 
participants (Mann–Whitney U = 126, p = 0.032) (Fig. 7).

A phenomenological interview was used to access participant experience to understand how “primed” and 
“non primed” participants made their decisions. To that end, participants were invited to explain the strate-
gies they used to verbally produce their decisions during the virtual immersion. All the participants declared 
that they tried to “reasonably” infer the place (i.e. café). They explained that they based their answers on place 
location and visual information including colours. Only three out of twenty six “non primed” participants had 
an “insight” about the situation (i.e. thought that “café” was the place to name), but twenty out of twenty three 
“primed” participants were “persuaded” and “knew” that the solution was “café” but they could not explain how 
they “knew” it. Yate’s chi-squared test was calculated comparing the frequency of “primed” and “non primed” 
participants “with insight”. The results revealed that “primed” participants were more likely to get experience 
insight (71%) than “non primed” participants (11%) (Yate’s chi-square test = 76.8, p < 0.0001).

Discussion
As far as is known, the current study is the first study that analyses intuition and insight within the same para-
digm and the same population through a continuum starting from a real and ending in a naturalistic virtual 
environment. To that end, healthy participants were immersed in a real primed environment generated by bi-
modal information, i.e. visual and olfactory, and then presented unimodal visual information in a naturalistic 
virtual environment which required them to identify and name a specific location. Bi-modal visual and olfactory 
information was included in the real environment and was conceptually linked to the café places presented in 
the virtual environments. Autonomic nervous activity, i.e. electrodermal activity (SCRs), and verbal reports 
were recorded. None of the participants reported motion sickness symptoms. The results showed that (1) SCR 
was higher for “primed” participants during immersion than initiation in virtual environment (2) “primed” 
participants had higher SCR than “non primed” in the first virtual tour; “non primed” participants reported 
higher SCR in the second and third tour than in the first tour; (3) the number of correct intuitive answers was 
higher in “primed” than “non primed” participants; (4) SCR was higher for “primed” participants “with” than 
“without” insight when immersed in real environment.

The results provide support for the overarching hypothesis according to which immersion in a real environ-
ment with primes would facilitate the rise of intuition and insight in a virtual environment. These results are 
consistent with the idea that contextual novelty, that is, the naturalistic virtual environment, may be essential 
for insight13. They are also coherent with studies which demonstrate that the identification of consistencies 
between information provided by an environment influences future decisions15,22,53–56. In the current study, 
the combination of visual and olfactory primes, both firmly associated with “café”, facilitated the identification 
of a “café” location. However, the results go beyond these findings, as it was demonstrated for the first time, 
that both intuition and insight can be expressed in a continuum, which, in the current case, starts from a real 
environment and expands to a virtual environment. Nonverbal reactions (i.e. autonomic reactions) associated 
with environmental visual and olfactory cues (in a real environment) appear to be the basis from which verbal 
decisions (i.e. conscious) can be inferred in a virtual environment. Specifically, “primed” participants had higher 
SCRs when immersed than initiated in the virtual environment. “Primed” participants had higher SCRs than 
“non primed” participants during the first tour of virtual immersion and gave more accurate intuitive answers 
than “non primed” participants. These results are consistent with the hypothesis according to which immersion 
in an environment, whatever its nature, would influence intuitive decisions5,57,58. It also supports Bowers et al.1 
model which states that the assemblage of verbal/nonverbal cues progressively combined in a consistent way 
would be connected to implicit information. Such processes, qualified as unconscious, would be able to generate 
representations of the provided information that are accessible to consciousness. In the present study, participants 
had contrasting experiences since only one group was primed, and as such, only this group would be able to 
create implicit representations. The autonomic nervous activity of “primed” and “non primed” participants, such 
as the physiological activity that reflects participants’ unconscious behaviour during real and virtual immersion, 
was recorded. The observed SCR modifications might mirror participants’ unconscious analysis of the provided 
sensory information, which, in turn, might facilitate verbal inference of the place to recognise in the virtual 
environment. Put simply, since SCRs represent an autonomic unconscious activity tractable to cognitive (and 
emotional) states, the present results would signify that intuitive decisions linked to SCR variations would be 
understood as a prerequisite indicator of emerging thoughts and feelings consciously expressed when required.

The SCRs of “primed” participants were similar between the three tours but the SCR of “primed” participants 
was higher than the SCRs of “non primed” participants in the first tour. The SCRs of “non primed” participants 
were low in the first tour but significantly increased in the second and third tours. However, there is no significant 
difference between the second and the third tours for “non primed” participants and between “primed” and “non 
primed” participants for the same tours. This suggests that two different patterns could exist among “primed” and 
"non primed” participants. For the “primed” ones, the pattern of SCR activation, as sub-cortical and unconscious, is 
likely to be associated with intuitive decision, while for “non primed” participants, that is not the case, even through 
the "non primed" participants seem actively try to find the place, as given by the SCRs modifications during the three 
tours57–59. Previous studies have associated modifications in SCRs with conscious or unconscious recognition and a 
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feeling of “knowledge”29–31. In the current study, the presence of visual and olfactory primes about “café” in the real 
environment, and “café” location in the virtual environment could have led to a feeling of “knowledge” for “primed” 
participants and produced higher SCRs compared to “non primed” participants. This feeling of “knowledge” could 
be understood as the emerging elaboration of continuity between unconscious and conscious processes, i.e. emerg-
ing mental representations. Such a process would pave the way from intuition to insight.

In accordance with Metcalfe and Wiebe13, it was considered that the “differentiation of insight problems 
from other problems by the phenomenology that precedes solution may facilitate illumination of the process 
of insight”. As such, a phenomenological interview to explore participants’ experience of “insight" was used. 
During this interview, “primed” and “non primed” participants were asked if they had an understanding of the 
situation, i.e. an “insight”, when they verbalised their answers. It appeared that more “primed” that “non primed” 
participants understood the situation. These participants were able to verbalise the expected location (i.e. café) 
even if they were unconscious of the primes. Such behaviour is consistent with the observed result that primed 
participants “with” insight showed higher SCR during immersion in the real environment than primed partici-
pants “without” insight. Once again, it seems that participants with a higher level of sympathetic activation in 
the real environment had increased awareness about problem resolution during the virtual experience. It seems 
that the accumulated “knowledge” of participants, i.e. association of images, essentially based on bi-modal sen-
sory primes, offered participants the possibility to decipher intuition and enact on intuition to produce insight.

In a recent study, Shen et al.59 used a verbal insight problem in a real environment while, in the present 
study a nonverbal insight problem as a link between a real and virtual environment was given. In both studies, 
insightful participants seem to acquire "knowledge" about a problem without solution, but they unconsciously 
perceived objects and situations as meaningful. In this study, “primed” participants “with” insight were those 
who unconsciously understood the link between the information provided in the real and virtual environments. 
Shen et al.27 used “insight” and “non insight” problems and observed greater SCR for the former than for the 
latter. Similarly, greater SCRs for primed participants “with” insight than for primed participants “without” 
insight during the immersion in the real environment was observed. Shen et al.27 reported an increase of SCR 
4 s before problem resolution suggesting that this activation precedes conscious perception of the solution. The 
current results reinforce this as greater SCR for “primed” participants than “non primed” participants during the 
first virtual tour was obtained. During this first tour, all participants were invited for the first time to resolve a 
problem ; specifically to identify a "café" location. “Primed” participants had some cues to the problem solution 
compared to “non primed” participants. The higher sympathetic activation that was observed during the first 
tour would suggest the preactivation of a conscious solution or a matching between unconscious primes and 
conscious perception, which would lead to insight. In this context, “primed” participants had unconsciously 
built knowledge and representation of the situation, in the real environment, which would be on the basis of the 
insightful solution in the virtual environment. These results are consistent with the Bowers et al.1 model which 
postulated that intuition and insight can be deployed on the same continuum. They are also consistent with Wal-
las’ five-stage model where intimations delineated as intuitions are depicted as leading directly to illuminations 
described as insights60. More importantly, and for the first time, these results suggest that this continuum does 
not only apply to a real environment but to both real and naturalistic virtual environments. Such findings are 
significantly supported by neurophysiological facts.

Since SCRs are associated with cognitive abstraction, anticipation, and decision making32,61 and are connected 
to subcortical and cortical regions14, the implications of SCRs in intuition and insight appear to be predictable. 
Several studies revealed that superior brain areas involved in intuition and insight such as ventromedial and 
dorsolateral parts of the prefrontal cortex18 are related to SCR62,63. In the same vein, additional areas including 
insula cortex, precuneus and cingulate cortex64,65, inferior parietal cortex20 and superior temporal cortex18 seem 
to be highly involved in intuition, via an encoding process and insight, and recall strategies19,28. In other words, 
the cognitive approach that underlies the continuum between intuition and insight is facilitated by a specific 
neurophysiological continuum based on autonomic and central nervous system activities. The implicit knowledge 
built via the analysis of autonomic areas would be expressed via the intervention of central brain areas.

Conclusion
The present study put both intuition and insight on a continuum in order to shed light on their relationship. 
Real and naturalistic virtual environments were used to analyse this continuum. The results support a continuity 
model according to which bi-modal on the one hand, and unimodal sensory information on the other, i.e. visual 
and olfactory, and visual respectively, might be an indicator of emerging unconscious representations. Based 
on these representations (i.e. intuition ingredients) the generation of a correct resolution occurs; that is, insight 
arises. In the current study, both verbal declarations and autonomic measurements were used via SCR by means 
of the same paradigm and within the same population to illustrate the continuum between intuition and insight. 
Moreover, the intuition-insight continuum in a hybrid environment starting from a real situation and extending 
to a naturalistic virtual one, was analysed. Such an empirical approach might indicate that sympathetic activation 
through electrodermal activity (i.e. SCRs) would be a physiological indicator of the continuity between past and 
present representations and would lead to the feeling of “knowledge”, on which insight is based. The continuity 
between autonomic activity and verbal problem resolution, in terms of the “euréka” moment, would be supported 
by neurophysiological data as autonomic and central brain activities are neuroanatomically interconnected. 
Moreover, in this study, the sympathetic activation also contributed to a feeling of familiarity (i.e. being there) 
between real and virtual environments. Taken together, these findings are coherent with a general view that intui-
tive judgments in various tasks are associated with the activation of pre-existing implicit knowledge, which is 
unconsciously retrieved, but nevertheless can elicit an intuitive impression of coherence1,20,59 and trigger insight. 
This might potentially be the source for creative minds and also seems to be consistent with Wallas’ five-stage 



11

Vol.:(0123456789)

Scientific Reports |         (2021) 11:1876  | https://doi.org/10.1038/s41598-021-81532-w

www.nature.com/scientificreports/

model in which intuitions appear as intimations that precede illuminations, that is, insights60,66. To qualify the 
dynamic creative process which operates between intuition and insight, Wallas’ concept of "association train" is 
of interest. Accordingly, intuition is an inkling of an emerging unconscious train of association which may "soar" 
towards consciousness and engender insight, i.e. euréka. Both intuition and insight are ingenious processes; 
however, by analysing autonomic activity and verbal expression in a continuum constituted of a hybrid (real and 
naturalistic artificial) environment, the present study might contribute to a better understanding of the subtleties 
and nuances of Wallas’ model as well as the interlacing of consciousness and unconsciousness. With the above 
in mind, intuition and insight are mental representational phenomena involving both cortical and autonomic 
activities that can occur in continuity in real but also in real/naturalistic virtual environments.

Received: 1 February 2020; Accepted: 7 January 2021

References
	 1.	 Bowers, K. S., Regehr, G., Balthazard, C. & Parker, K. Intuition in the context of discovery. Cogn. Psychol. 22, 72–110 (1990).
	 2.	 Bolte, A., Goschke, T. & Kuhl, J. Emotion and intuition: effects of positive and negative mood on implicit judgments of semantic 

coherence. Psychol. Sci. 14, 416–421 (2003).
	 3.	 Topolinski, S. & Strack, F. The analysis of intuition: processing fluency and affect in judgements of semantic coherence. Cogn. 

Emot. 23, 1465–1503 (2009).
	 4.	 Bowers, K. S., Farvolden, P. & Mermigis, L. Intuitive antecedents of insight. In The creative cognition approah (eds Smith, S. M. et 

al.) 27–52 (MIT Press, Cambridge, 1995).
	 5.	 Epstein, S. Demystifying intuition: what it is, what it does, and how it does it. Psychol. Inq. 21, 295–312 (2010).
	 6.	 Kahneman, D. & Klein, G. Conditions for intuitive expertise. A failure to disagree. Am. Psychol. 64, 515–526 (2009).
	 7.	 Volz, K. G. & Zander, T. Primed for intuition?. Neurosci. Decis. Making. 1, 26–34 (2014).
	 8.	 Betsch, T. The nature of intuition and its neglect in research on judgment and decision making. In Intuition in judgment and deci‑

sion making (eds Plessner, H. et al.) 3–22 (Lawrence Erlbaum Associates, New York, 2008).
	 9.	 Glöckner, A. & Witteman, C. Foundations for tracing intuition: models, findings, categorizations. In Foundations for tracing intui‑

tion: challenges and methods (eds Glöckner, A. & Witteman, C.) 1–23 (Psychology Press, East Sussex, 2010).
	10.	 Zander, T., Horr, N. K., Bolte, A. & Volz, K. G. Intuitive decision making as a gradual process: investigating semantic intuition-

based and priming-based decisions with fMRI. Brain Behav. 6, e00420 (2015).
	11.	 Ohlsson, S. Deep learning: how the mind overrides experience (Cambridge University Press, Cambridge, 2011).
	12.	 Öllinger, M., Jones, G. & Knoblich, G. Heuristics and representational change in two-move matchstick arithmetic tasks. Adv. Cogn. 

Psychol. 2, 239–253 (2006).
	13.	 Metcalfe, J. & Wiebe, D. Intuition in insight and noninsight problem solving. Mem. Cognit. 15(3), 238–246 (1987).
	14.	 Satpute, A. B. & Lieberman, M. D. Integrating automatic and controlled processes into neurocognitive models of social cognition. 

Brain Res. 1079, 86–97 (2009).
	15.	 Bar, M. The proactive brain: memory for predictions. Philos. Trans. R. Soc. B 364, 1235–1243 (2009).
	16.	 Luu, P. et al. Reentrant processing of intuitive perception. PLoS ONE 5, e9523 (2010).
	17.	 Horr, N., Braun, C. & Volz, K. G. Feeling before knowing why: the role of the orbitofrontal cortex in intuitive judgments—an MEG 

study. Cogn. Affect. Behav. Ne. 14, 1271–1285 (2014).
	18.	 Dietrich, A. & Kanso, R. A review of EEG, ERP, and neuroimaging studies of creativity and insight. Psycholl. Bull. 136, 822–848 

(2010).
	19.	 Shen, W. et al. Tracking the neurodynamics of insight: a meta-analysis of neuroimaging studies. Biol. Psychol. 138, 189–198 (2018).
	20.	 Ilg, R. et al. Neural processes underlying intuitive coherence judgments as revealed by fMRI on a semantic judgment task. Neuro‑

Image 38, 228–238 (2007).
	21.	 Jung-Beeman, M. et al. Neural activity when people solve verbal problems with insight. PLoS Biol. 4, 500–510 (2004).
	22.	 Buckner, R. L. et al. Functional-anatomic correlates of object priming in humans revealed by rapid presentation event-related 

fMRI. Neuron 20, 285–296 (1998).
	23.	 Zhan, H., Liu, C. & Shen, W. Neural basis of creative thinking during four stages. Adv. Psychol. Sci. 23, 213–224 (2015).
	24.	 Kizilirmak, J. M., Thuerich, H., Folta-Schoofs, K., Schott, B. H. & Richardson-Klavehn, A. Neural correlates of learning from 

induced insight: a case for reward-based episodic encoding. Front. Psychol. 7, 1693 (2016).
	25.	 Cranford, E. A. & Moss, J. Is insight always the same? A protocol analysis of insight in compound remote associate problems. JPS 

4, 128–153 (2012).
	26.	 Tik, M. et al. Ultra-high-field fMRI insights on insight: neural correlates of the Aha!-moment. Hum. Brain. Mapp. 39, 3241–3252 

(2018).
	27.	 Shen, W. et al. In search of somatic precursors of spontaneous insight. J. Psychophysiol. 32, 97–105 (2017).
	28.	 Bonifacci, P., Desideri, L. & Ottaviani, C. Familiarity of faces: sense or feeling?. J. Psychophysiol. 29, 20–25 (2015).
	29.	 Stormark, K. M. Skin conductance and heart-rate responses as indices of covert face recognition in preschool children. Infant 

Child Dev. 13, 423–433 (2004).
	30.	 Bate, S. & Cook, S. J. Covert recognition relies on affective valence in developmental prosopagnosia: evidence from the skin con-

ductance response. Neuropsychology 26, 670–674 (2012).
	31.	 Braithwaite, J. J., Watson, D. G., Jones, R. & Rowe, M. A guide for analysing electrodermal activity (EDA) and skin conductance 

responses (SCRs) for psychological experiments. Psychophysiology 49, 1017–1034 (2013).
	32.	 Bechara, A. et al. Double dissociation of conditioning and declarative knowledge relative to the amygdala and hippocampus in 

humans. Science 269, 1115–1118 (1995).
	33.	 Critchley, H. D. Electrodermal responses: what happens in the brain. Neuroscientist 8, 132–142 (2002).
	34.	 Tranel, D. & Damasio, A. Knowledge without awareness: an autonomic index of facial recognition by prosopagnosics. Science 

228(21), 1453–1454 (1985).
	35.	 MacIntosh, B. J., Mraz, R., McIlroy, W. E. & Graham, S. J. Brain activity during a motor learning task: an fMRI and skin conduct-

ance study. Hum. Brain Mapp. 28(12), 1359–1367 (2007).
	36.	 Lombard, M. & Ditton, T. At the heart of it all: the concept of presence. J. Comput. Mediat. Commun. 3, 2 (1997).
	37.	 Ijsselsteijn, W. & Riva, G. Being there: the experience of presence in mediated environments. In Being there: concepts, effects and 

measurements of user presence in synthetic environments (eds Riva, G. et al.) 3–16 (Ios Press, Amsterdam, 2003).
	38.	 Riva, G. & Mantovani, F. Being there: understanding the feeling of presence in a synthetic environment and its potential for clini-

cal change. In Virtual reality in psychological, medical and pedagogical applications (ed. Eichenberg, C.) 3–34 (In Tech, New York, 
2012).

	39.	 Diemer, J., Alpers, G. W., Peperkorn, H. M., Shiban, Y. & Mühlberger, A. The impact of perception and presence on emotional 
reactions: a review of research in virtual reality. Front. Psychol. 6, 26 (2015).



12

Vol:.(1234567890)

Scientific Reports |         (2021) 11:1876  | https://doi.org/10.1038/s41598-021-81532-w

www.nature.com/scientificreports/

	40.	 Sanchez-Vives, M. V. & Slater, M. From presence to consciousness through virtual reality. Nat. Rev. Neurosci. 6, 332 (2005).
	41.	 Giannopulu, I., Bertin, R. J. V., Brémond, R., Kapoula, Z. & Espié S. (2007). Visuomotor strategies in virtual and recorded environ-

ments. In RSS.
	42.	 Giannopulu, I., Bertin, R. J. V., Brémond, R., Kapoula, Z. & Espié, S. Visual strategies in virtual and pre-recording environments. 

Adv. Transp. Stud. 14, 49–56 (2008).
	43.	 Giannopulu, I. Visuo-vestibular and somesthetic contributions to spatial navigation in children and adults. In Mobility of visually 

impaired people (eds Pissaloux, E. & Velazquez, R.) 201–233 (Springer, Berlin, 2018).
	44.	 Giannopulu, I. Neurosciences, robotics and virtual reality: internalised vs externalised mind/brain (Springer, Berlin, 2018).
	45.	 Picard, R. W., Fedor, S. & Ayzenberg, Y. Multiple arousal theory and daily-life electrodermal activity asymmetry. Emot. Rev. 8, 

62–75 (2016).
	46.	 Sano, A., Picard, R. W. & Stickgold, R. Quantitative analysis of wrist electrodermal activity during sleep. Int. J. Psychophysiol. 94, 

382–389 (2014).
	47.	 Taylor, S., Jaques, N., Chen, W., Fedor, S., Sano, A. & Picard, R. Automatic Identification of Artifacts in Electrodermal Activity 

Data. In IEEE EMBC’15. 1934–1937 (2015).
	48.	 Schmidt, S. & Walach, H. Electrodermal activity (EDA)—state-of-the-art measurement and techniques for parapsychological 

purposes, 2000.
	49.	 Bach, D. R. Sympathetic nerve activity can be estimated from skin conductance responses—A comment on Henderson et al. (2012). 

Neuroimage 84, 122–123 (2014).
	50.	 Bach, D. R., Daunizeau, J., Friston, K. J. & Dolan, R. J. Dynamic causal modelling of anticipatory skin conductance responses. Biol. 

Psychol. 85, 163–170 (2010).
	51.	 Figner, B. & Murphy, R. O. Using skin conductance in judgment and decision making research. In A handbook of process tracing 

methods for decision research (eds Schulte-Mecklenbeck, M. et al.) 163–184 (Psychology Press, East Sussex, 2011).
	52.	 Gravette, F. & Wallnau, L. B. Statistics for the behavioural sciences 10th edn. (Cengage Publisher, Boston, 2017).
	53.	 Bar, M. The proactive brain: using analogies and associations to generate predictions. Trends Cogn. Sci. 11, 280–289 (2007).
	54.	 Bargh, J. A. Losing consciousness: automatic influences on consumer judgment, behavior, and motivation. J. Consum. Res. 29, 

280–285 (2002).
	55.	 Zander, T., Fernandez Cruz, A. L., Winkelmann, M. P. & Volz, K. G. Scrutinizing the emotional nature of intuitive coherence 

judgments. J. Behav. Decis. Mak. 30, 693–707 (2017).
	56.	 Brunswik, E. Perception and the representative design of psychological experiments (University of California Press, Berkeley, 1956).
	57.	 Reber, A. S. Implicit learning and tacit knowledge. J. Exp. Psychol. Gen. 118, 219 (1989).
	58.	 Sjöberg, L. The new functionalism. Scand. J. Psychol. 12, 29–52 (1971).
	59.	 Shen, W., Yuan, Y., Liu, C. & Luo, J. In search of the ‘Aha!’ experience: elucidating the emotionality of insight problem-solving. Br. 

J. Psychol. 107, 281–298 (2016).
	60.	 Wallas, G. The art of thought (Jonathan Cape, London, 1926).
	61.	 Bechara, A., Damasio, H., Tranel, D. & Damasio, A. R. Deciding advantageously before knowing the advantageous strategy. Science 

275, 1293–1295 (1997). 
	62.	 Damasio, A. R. et al. Subcortical and cortical brain activity during the feeling of self-generated emotions. Nat. Neurosci. 3, 1049 

(2000).
	63.	 Fredrikson, M. et al. Functional neuroanatomical correlates of electrodermal activity: a positron emission tomographic study. 

Psychophysiology 35, 179–185 (1998).
	64.	 Backus, A. R., Bosch, S. E., Ekman, M., Grabovetsky, A. V. & Doeller, C. F. Mnemonic convergence in the human hippocampus. 

Nat. Commun. 7, 11991 (2016).
	65.	 Bolte, A. & Goschke, T. Intuition in the context of object perception: Intuitive gestalt judgments rest on the unconscious activation 

of semantic representations. Cognition 108, 608–616 (2008).
	66.	 Sadler-Smith, E. Wallas’ four-stage model of creative process: more than meets the eye?. Creat. Res. J. 27, 342–352 (2015).

Acknowledgements
IG and ME are grateful to all the participants. The research is supported by the Franco-Japanese Foundation of 
Paris.

Author contributions
Both M.E. and I.G. created the concept of the study. Data analysis, investigation, and methodology were done 
partially by M.E., and totally by I.G. M.E. wrote the first draft, I.G. reviewed and rewrote the first draft, and wrote 
and edited all other drafts including the preparation of the figures.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to I.G.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

© The Author(s) 2021

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Continuity in intuition and insight: from real to naturalistic virtual environment
	Method
	Visual environment and Experimental devices. 
	Procedure. 
	Immersion in real environment (i.e. ImRE). 
	Initiation to virtual environment (i.e. InVE). 
	Immersion in virtual environment (i.e. ImVE). 
	Phenomenological interview. 
	Data analysis. 
	Pre-processing. 

	Statistical analysis. 

	Results
	Physiological results. 
	Behavioural results. 

	Discussion
	Conclusion
	References
	Acknowledgements


