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A.  Collapsed across all three conditions 

 
B.  No Odour-Incongruent Contrast 

 
C.  No Odour-Congruent Contrast 

 
D.  Congruent-Incongruent Contrast 

 
Figure 3.  Plots of the contrasts between odour 
conditions.  Figures 3A-C p < .05 (FWE-corr).  
Figure 3D p < .001 (uncorr). 
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Table 3. 
 
Regions Activated by Video and Olfactory Stimulation 
 
 MNI Coordinates (mm)   
Brain Region x y z Peak T p value 
All-baseline      

Right occipital region 24 -94 10 42.94 0.000 
Right hippocampal region  24 -26 -2 7.83 0.000 
Right orbitofrontal region 20 42 -18 5.32 0.001 
Left hippocampal region -22 -32 -2 4.41 0.031 

No odour-incongruent      
Right precentral region 50 -2 54 7.62 0.000 

Left frontal region -30 60 16 5.82 0.000 
Left occipital region -30 -88 20 5.28 0.001 

Left hippocampal region -16 -34 -2 5.12 0.001 
No odour-congruent      

Left temporal region -54 0 -4 6.83 0.000 
Right precentral region 50 -6 54 6.76 0.000 

Left hippocampal region -24 -32 -8 4.50 0.022 
Right inferior frontal region 64 18 22 4.85 0.005 
Congruent-incongruent      

Left occipital region -30 -92 16 5.07 0.002 
Left cerebellar region -34 -66 -24 4.66 0.011 

Note.  Corrected for multiple comparisons across the brain. 
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Experiment 1, can be attributed to participant distraction by, and attention to, the non-matching 

odour, and causing a shift in their attention away from the video. 

This finding is consistent with past research of selective attention and crossmodal 

competition in other pairs of modalities, particularly vision and sound (Johnson & Zatorre, 

2005).  There is considerable neuroimaging evidence that has demonstrated a suppression of 

neural activity according to attentional processes both within, and across, modalities (e.g., Smith, 

Singh & Greenlee, 2000).  There has not been, to our knowledge, any previous research 

involving the olfactory modality investigating these unimodal or crossmodal competition 

paradigms.  Additionally, the behavioural research on olfactory crossmodal correspondences 

does not support this idea of competition between olfaction and the other senses.  The literature 

has primarily focussed on the finding that congruent odours are important in facilitating the 

ability for olfactory information to influence the perception of other sensory stimuli (Chen et al., 

2013; Robinson et al., 2013; Robinson et al., 2014; Seigneuric et al., 2010; Seo et al., 2010; Seo 

& Hummel, 2011; Seo et al., 2014; Spangenberg et al., 2004).  Interestingly, there is evidence 

that olfactory processing changes depending on how the odour is attended to (Rolls, 

Grabenhorst, Margot, de Silva & Velazco, 2008), and competition has been shown to occur 

binarally (i.e., between the nostrils; Gottfried, 2009).  Thus, there are findings to support the idea 

of olfactory stimuli engaging in sensory competition. 

Furthermore, these neuroimaging results help to reconcile some of the subjectivity of 

Experiment 1 by supporting our assumption that participants were responding to the rating scales 

for their experience of the audio-visual stimuli.  There was a clear change in the activity of the 

auditory and visual brain regions upon the presentation of the odours, suggesting the ability for 

odour to simultaneously modify early level sensory processing in the visual and auditory 
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cortices.  This suppression of brain activity mirrors our behavioural results, thereby supporting 

that our scales accurately measured the general change in audio-visual experience according to 

the different odour conditions. 

 Of course, these findings are limited by the fact that only one individual participated in 

Experiment 2; however, activation was very significant for our relevant contrasts, indicating the 

strength of this effect.  The fact that the changes in brain activity reflected the findings of our 

behavioural experiment also helps to confirm their validity.  Further research involving more 

participants would be useful to further investigate the specific brain regions involved in this 

interaction, and how they change with the presentation of different stimuli.  Additional 

participants could help to clarify the role of memory, and how it relates to the crossmodal 

competition seen in the interaction of the olfactory, visual, and auditory modalities. 

General Discussion 

The purpose of the present study was to investigate how an odour stimulus affects the 

perception of concurrent audio-visual stimulation.  Despite the importance of odours to many 

species, the understanding of how smell can influence the perception of information in other 

sensory modalities remains poor (Keller & Vosshall, 2004).  In Experiment 1, we presented a 

series of short movie clips paired with semantically congruent or incongruent odours, and 

assessed participants’ audio-visual experience.  We hypothesized that a congruent odour should 

enhance ratings of engagement, pleasantness, and emotional arousal, compared to no odour, and 

that relative to congruent pairs, incongruent trials would provide less experiential enhancement.  

Using the same experimental design in Experiment 2, but excluding the three rating scales, we 

acquired fMRI data to provide an objective measure of the effect of odour, and to investigate the 

brain mechanisms mediating the interaction. 
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Overall, the findings of this study support our general hypothesis that the odour condition 

would significantly influence how participants perceived the audio-visual stimuli.  However, the 

odours operated in the opposite manner to what was expected.  Rather than the congruent odours, 

incongruent odours had a greater effect on video perception, and this effect acted to negatively 

influence experience.  The effect of the congruent odours had little effect on the behavioural 

ratings of engagement and emotional arousal, although pleasantness ratings were significantly 

lower compared to the no odour trials.  The neuroimaging results reflected these behavioural 

findings with a significant reduction in the movie response during odour trials compared to no 

odour trials, and this effect was greatest for the incongruent odour trials. 

Comparison to Past Research 

Indeed, these results are not in line with a number of studies.  Our hypotheses were based 

on three general findings:  (1) congruent odours can facilitate visual attention (Chen et al., 2013; 

Robinson et al., 2013); (2) the pleasantness of an odour is increased when accompanied by a 

congruent visual or auditory stimulus (Seo & Hummel, 2011; Seo et al., 2014; Spangenberg et 

al., 2004); and (3) preliminary evidence suggesting an interaction of olfaction, vision and 

audition (Crisinel et al., 2013; de Groot et al., 2014).  All of these findings highlight the 

importance of congruency and its role in enhancing perception in the measured modality, which 

the present findings certainly did not demonstrate. 

It may be that the difference between tasks of the studies probing the effect of odour on 

visual attention and ours can account for the divergent findings.  The current task did not require 

individuals to find, identify, or scan for a particular object within the context of distractor 

stimuli, as did the research probing visual attention (Chen et al., 2013; Robinson et al., 2013; 

Seigneuric et al., 2010; Seo et al., 2010).  Rather, the subject of the videos was always obvious 
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and was the only visual stimulus participants were attending to during experimentation.  Thus, it 

could be that our study simply did not require the congruent odour to facilitate visual attention, 

and so the expected increase in engagement ratings for videos accompanied by a congruent 

odour was not seen. 

Additionally, it is likely that our choice of odours can account for the decrease in 

pleasantness ratings for the congruent odour trials as these results diverged considerably from the 

pattern of findings seen for the other dependent measures.  However, our hypothesis was based 

on past findings that auditory and visual stimuli can modulate the hedonics of odour stimuli (Seo 

& Hummel, 2011; Seo et al., 2014; Spangenberg et al., 2004).  As the ability for an odour to 

modulate the hedonics of an auditory or visual stimulus has not been investigated, it could be 

that this relationship operates differently in the opposite direction.   

It is also possible, that our pleasantness results for the congruent pairs mimic the effects 

seen in the uncanny valley.  The uncanny valley is a hypothesis that a robot that looks and acts 

almost, but not quite, humanlike causes repulsion, compared to a robot that clearly looks like a 

machine (Jentsch, 1997).  As our odours were essential oils, they smelled closely to the real 

object, but when matched with a very naturalistic scene (i.e., the videos) may have been 

perceived as “not quite right.”  A repulsion response to this slight mismatch may be what was 

reflected in the decrease in pleasantness ratings for the congruent pairs. 

Lastly, our results do not support the findings of de Groot and colleagues (2014), who 

conducted the only other study that assessed participant response to simultaneously presented 

olfactory and audio-visual stimuli.  In contrast, they found that a fear odour, compared to neutral 

odour, only very slightly increased the experience of fear when presented with fearful video 

clips.  It is likely that their use of fear-communicating stimuli can account for the non-significant 



Olfaction, Vision, and Audition 30 

difference between congruent and incongruent trials, where we found a strongly significant 

difference.  Fear is often lifesaving and therefore would naturally take precedence over the 

neutral sensory information in the incongruent trials, closing the gap between the congruent and 

incongruent trials (de Groot et al., 2014). 

As for why past research has continually found an enhancing effect of congruent 

multisensory information (e.g., Seo et al., 2010), and we did not, requires further research to 

fully understand.  However, our current findings may be explained by the redundancy of the 

multisensory information in the congruent trials.  There are two potential outcomes when 

redundant multisensory information is integrated:  enhancement and equivalence (Partan & 

Marler, 1999).  As the olfactory multisensory literature has thus far favoured the enhancement 

outcome, we made our hypotheses in line with this, assuming that the addition of a third sensory 

modality would increase the richness and realism of the audio-visual stimuli, consequently 

enhancing its overall experience.  However, our behavioural findings appear to reflect the 

equivalency outcome, that is, that the result is equivalent to the effect of either stimulus 

individually.  This is evident when comparing the similarity of the ratings of the no odour trials, 

which communicated only the audio-visual information, and the congruent odours trials.  It may 

instead be argued that these results do not reflect a crossmodal integration of information 

between the odours and movies; however, the significant difference in the effect of congruent 

odours versus incongruent odours on the movie ratings, clearly demonstrates that this is not the 

case. 

Since there is indeed a crossmodal interaction of the olfactory and audio-visual stimuli, 

an explanation for the inconsistency of the incongruent results with past findings must also be 

provided.  In light of our novel findings of Experiment 1, we suggested that our findings might 
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reflect crossmodal competition.  That is, in the face of an incongruent odour-video pairing, we 

speculated that participants chose to attend to the olfactory stimulus over the video because it 

was unexpected.  Therefore, as participants were specifically instructed to complete the rating 

scales based on their response to the movie clips, if the incongruent odour captured their 

attention, their ratings of engagement and emotional arousal should decrease.   

We investigated this hypothesis in Experiment 2, using neuroimaging to acquire a more 

objective measure.  When accompanied by a congruent or incongruent odour, a significant 

reduction was seen in the movie response, supporting the idea that participants’ attention has 

been shifted away from the auditory and visual modalities.  Mirroring the behavioural results, 

this effect was stronger for incongruent than congruent odours.  These results are consistent with 

previous research, which has shown a suppression of activity accompanying a shift in attention 

between information in different sensory modalities (Johnson & Zatorre, 2005; Smith et al., 

2000).  Thus, it appears quite logical that we can account for the strong, negative effect seen 

during incongruent trials by a shift in attention away from the audio-visual modalities to the 

information communicated by the olfactory modality. 

Significance of Results 

Our study is the first to empirically demonstrate that olfactory stimulation can 

significantly influence how concurrently presented audio-visual stimuli are perceived.  Our 

results highlight the role of incongruent olfactory information and crossmodal competition, as 

well as the effect of the redundant information of congruent odours in supporting sensory 

equivalency rather than enhancement.  This research also adds to the overall understanding of 

olfaction and how multisensory information is combined to influence human experience.  
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Ideally, this work will motivate further research in this field, which is certainly needed in order 

to better understand how smell interacts with the other senses. 

Implications and Applications 

The findings of this research may find applications in industry, which is eager to 

incorporate the use of scents into marketing and entertainment (e.g., Krishna, 2012).  At this 

time, results appear to discourage the use of odours in marketing and entertainment as they have 

little effect on engagement and emotional arousal.  However, as research in this area evolves, it 

will be beneficial to apply findings to inform the business, hospitality and entertainment 

industries.   

Furthermore, additional research of this olfactory-visual-auditory interaction in an MRI 

environment would be useful to clarify the suggested interpretation of our results.  Neuroimaging 

might also be used to locate the locus of multisensory interactions.  Specifically, it would allow 

us to measure whether representations within auditory and visual sensory systems are changed 

by a concurrent odour, or whether the interactions are more cognitive, and only affect fronto-

parietal systems.   

Future findings may also have relevant clinical applications, as olfactory deficits are a 

precursor for several neurodegenerative disorders (e.g., Alzheimer’s) and may reflect a 

disruption of the immune system (Atanasova et al., 2008).  Thus, how perception of other 

sensory modalities changes with the disruption of smell could be important in understanding 

some of the symptoms of these disorders.  Finally, as crossmodal associations have been thought 

to engage higher-level brain functioning to integrate and perceive sensory combinations, a 

deeper understanding of how olfactory, visual, and auditory stimuli interact may yield new 

paradigms that are aimed at detecting high-level brain functions in non-communicative patients.  
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Limitations and Future Directions 

Participants were not screened for normal odour detection and discrimination; however, 

they were required to report normal smell before taking part in this study.  Additionally, it is 

unclear what the effect of the exact choice of odours, and their concentrations, will have had on 

our results.  Supplementary statistical analyses did not find a significant influence on dependent 

measure ratings of the degree of congruency, supporting the idea that our specific odour-video 

matches were not a significant influencing factor.  However, it remains unknown whether other 

odours (or other videos) might yield different interactions.  Future studies might expand the 

selection of videos and odours. 

Although significant, interpretation of the odour × video interaction was limited by our 

incomplete counterbalancing.  A better understanding of this interaction could clarify why the 

effect of congruency was inverted in this study compared to previous research.  The knowledge 

of what smells are most effective at modulating audio-visual information, and which audio-

visual contexts are more susceptible to the influence of an odour could also be important 

information for future olfactory crossmodal studies. 

 Furthermore, the use of subjective rating scales leaves some ambiguity surrounding how 

exactly participants responded to the stimuli.  Objective psychophysics measures might confirm 

the behavioural effects of this study.  An objective attentional monitoring task, for which change 

in performance as a result of odour might be assessed, would also be useful to further investigate 

the idea that selective attention is involved in the incongruent condition. 

Overall, additional research is required in order to confirm, and better understand, the 

nature of this olfactory-visual-auditory crossmodal interaction.  Future studies should investigate 
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more closely how these three sensory modalities interact by assessing the effect of each modality 

separately, as well as together, in order to understand how they change when combined.   

Conclusions 

In summary, our findings are the first to demonstrate that odours can significantly 

modulate the perception of concurrent audio-visual stimulation.  Specifically, we found that 

incongruent odours had a greater effect on video perception than congruent odours, and this 

effect acted to negatively influence experience.  We suggest that this reflects crossmodal 

suppression, which is supported by our neuroimaging results as well as past research on selective 

attention in other pairs of modalities (e.g., Johnson & Zatorre, 2005).  Overall, our study adds to 

the limited research investigating the role olfaction plays in modulating the other senses, 

although it does not support past findings.  Further study is needed to better understand the 

nature of this olfactory-visual-auditory interaction. 
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Appendix A 

Contrast: all-baseline 
 
STATISTICS: volume summary (labels and percentages for the entire volume) 
==================================================================
============== 
      
x,y,z {mm} nom du label % Cluster Nb Vx Cluster % Label Nb Vx Label 
-------------------------------------------------------------------------------- 
 24 -94  10 Occipital_Mid_R 31.46   515 7.72  2098  
 24 -94  10 Occipital_Sup_R 17.86   515 6.51  1413  
 24 -94  10 Cuneus_R 9.32   515 3.37  1424  
 24 -94  10 Calcarine_R 6.02   515 1.67  1861  
 24 -94  10 OUTSIDE 0.19   515 0.00     0  
 -8 -96  20 Occipital_Sup_L 48.93   515 18.45  1366  
 -8 -96  20 Occipital_Mid_L 30.10   515 4.74  3270  
 -8 -96  20 Calcarine_L 18.06   515 4.12  2258  
 -8 -96  20 Cuneus_L 2.72   515 0.92  1526  
 -8 -96  20 OUTSIDE 0.19   515 0.00     0  
  4 -86   4 Calcarine_R 47.77   515 13.22  1861  
  4 -86   4 Lingual_L 38.45   515 9.45  2095  
  4 -86   4 Lingual_R 6.41   515 1.43  2300  
  4 -86   4 Calcarine_L 0.58   515 0.13  2258  
  4 -86   4 OUTSIDE 0.19   515 0.00     0  
 24 -26  -2 Hippocampus_R 55.92   515 30.44   946  
 24 -26  -2 ParaHippocampal_R 23.11   515 10.51  1132  
 24 -26  -2 Thalamus_R 0.58   515 0.28  1057  
 24 -26  -2 Lingual_R 0.39   515 0.09  2300  
 24 -26  -2 OUTSIDE 0.19   515 0.00     0  
 20  42 -18 Frontal_Mid_Orb_R 42.33   515 21.48  1015  
 20  42 -18 Frontal_Inf_Orb_R 25.83   515 7.79  1707  
 20  42 -18 Frontal_Sup_Orb_R 23.88   515 12.34   997  
 20  42 -18 Rectus_R 1.94   515 1.34   745  
 20  42 -18 Frontal_Med_Orb_R 0.39   515 0.23   856  
 20  42 -18 OUTSIDE 0.19   515 0.00     0  
 28  52 -12 Frontal_Sup_Orb_R 17.86   515 9.23   997  
 28  52 -12 Frontal_Mid_R 15.53   515 1.57  5104  
 28  52 -12 Frontal_Mid_Orb_R 0.19   515 0.10  1015  
 28  52 -12 OUTSIDE 0.19   515 0.00     0  
-22 -32  -2 ParaHippocampal_L 36.31   515 19.12   978  
-22 -32  -2 Hippocampus_L 35.34   515 19.53   932  
-22 -32  -2 Lingual_L 10.68   515 2.63  2095  
-22 -32  -2 Thalamus_L 3.11   515 1.45  1100  
-22 -32  -2 OUTSIDE 0.19   515 0.00     0  
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table shows at most 3 local maxima > 8.0mm apart per cluster. 
-------------------------------------------------------------------------------- 
Height threshold: T = 4.29, p = 0.000 (0.050) 
Extent threshold: k = 0 voxels, p = 1.000 (0.050) 
Expected voxels per cluster, <k> = 38.595 
Expected number of clusters, <c> = 0.05 
Expected false discovery rate, <= NaN 
Degrees of freedom = [1.0, 2592.0] 
Smoothness FWHM = 20.1 20.4 17.3 {mm}  = 10.0 10.2 8.6 {voxels} 
Search vol: 1379696 cmm; 172462 voxels; 179.5 resels 
Voxel size: [2.0, 2.0, 2.0] mm  (1 resel = 883.62 voxels) 
 
==================================================================
============== 
 
noodour-cong 
 
STATISTICS: volume summary (labels and percentages for the entire volume) 
==================================================================
============== 
      
x,y,z {mm} nom du label % Cluster Nb Vx Cluster % Label Nb Vx Label 
-------------------------------------------------------------------------------- 
-54   0  -4 Temporal_Pole_Sup_L 68.74   515 27.55  1285  
-54   0  -4 Insula_L 13.01   515 3.61  1858  
-54   0  -4 Temporal_Mid_L 12.43   515 1.30  4942  
-54   0  -4 Rolandic_Oper_L 2.14   515 1.11   990  
-54   0  -4 Temporal_Sup_L 1.94   515 0.44  2296  
-54   0  -4 OUTSIDE 0.19   515 0.00     0  
-44 -40  22 Rolandic_Oper_L 36.70   515 19.09   990  
-44 -40  22 Temporal_Mid_L 33.98   515 3.54  4942  
-44 -40  22 Angular_L 22.72   515 9.97  1173  
-44 -40  22 SupraMarginal_L 4.66   515 1.91  1256  
-44 -40  22 Temporal_Sup_L 0.58   515 0.13  2296  
-44 -40  22 OUTSIDE 0.19   515 0.00     0  
-60  -4  24 Postcentral_L 26.21   515 3.47  3892  
-60  -4  24 Precentral_L 15.53   515 2.27  3526  
-60  -4  24 OUTSIDE 0.19   515 0.00     0  
 50  -6  54 Frontal_Mid_R 50.10   515 5.05  5104  
 50  -6  54 Postcentral_R 28.35   515 3.82  3823  
 50  -6  54 Precentral_R 20.19   515 3.08  3381  
 50  -6  54 OUTSIDE 0.19   515 0.00     0  
 68 -20   4 Temporal_Mid_R 78.25   515 9.14  4409  
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 68 -20   4 Rolandic_Oper_R 17.86   515 6.91  1331  
 68 -20   4 Temporal_Sup_R 0.19   515 0.03  3141  
 68 -20   4 OUTSIDE 0.19   515 0.00     0  
 40 -32  60 Parietal_Inf_R 82.14   515 31.45  1345  
 40 -32  60 Postcentral_R 14.56   515 1.96  3823  
 40 -32  60 Precentral_R 0.19   515 0.03  3381  
-24 -70  54 Parietal_Inf_L 80.58   515 16.96  2447  
-24 -70  54 Parietal_Sup_L 15.15   515 3.78  2065  
-24 -70  54 Precuneus_L 3.88   515 0.57  3528  
-24 -70  54 OUTSIDE 0.19   515 0.00     0  
-38 -66  54 Parietal_Sup_L 33.59   515 8.38  2065  
-38 -66  54 Parietal_Inf_L 28.74   515 6.05  2447  
-38 -66  54 Angular_L 21.75   515 9.55  1173  
-38 -66  54 OUTSIDE 0.19   515 0.00     0  
-14 -72  56 Precuneus_L 38.64   515 5.64  3528  
-14 -72  56 Parietal_Sup_L 18.25   515 4.55  2065  
-14 -72  56 OUTSIDE 0.19   515 0.00     0  
 60 -52  -8 Temporal_Inf_R 38.25   515 5.54  3557  
 60 -52  -8 Temporal_Mid_R 5.05   515 0.59  4409  
 60 -52  -8 OUTSIDE 0.19   515 0.00     0  
 42 -64 -16 Temporal_Inf_R 39.22   515 5.68  3557  
 42 -64 -16 Cerebelum_Crus1_R 22.91   515 4.46  2648  
 42 -64 -16 Fusiform_R 21.75   515 4.45  2518  
 42 -64 -16 Cerebelum_6_R 7.77   515 2.23  1795  
 42 -64 -16 Occipital_Inf_R 0.97   515 0.51   989  
 42 -64 -16 OUTSIDE 0.19   515 0.00     0  
 50 -62 -16 Cerebelum_Crus1_R 62.14   515 12.08  2648  
 50 -62 -16 Fusiform_R 12.23   515 2.50  2518  
 50 -62 -16 Temporal_Inf_R 11.46   515 1.66  3557  
 50 -62 -16 Cerebelum_6_R 7.18   515 2.06  1795  
 50 -62 -16 Occipital_Inf_R 6.80   515 3.54   989  
 50 -62 -16 OUTSIDE 0.19   515 0.00     0  
-16 -34  -2 Hippocampus_L 25.05   515 13.84   932  
-16 -34  -2 ParaHippocampal_L 22.72   515 11.96   978  
-16 -34  -2 Precuneus_L 19.22   515 2.81  3528  
-16 -34  -2 Cerebelum_4_5_L 18.25   515 8.36  1125  
-16 -34  -2 Lingual_L 11.07   515 2.72  2095  
-16 -34  -2 Thalamus_L 2.72   515 1.27  1100  
-16 -34  -2 OUTSIDE 0.19   515 0.00     0  
-10 -48   2 Precuneus_L 31.65   515 4.62  3528  
-10 -48   2 Cerebelum_4_5_L 19.81   515 9.07  1125  
-10 -48   2 Lingual_L 17.28   515 4.25  2095  
-10 -48   2 Vermis_4_5 14.56   515 11.28   665  
-10 -48   2 Cingulum_Post_L 5.44   515 6.05   463  
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-10 -48   2 Hippocampus_L 4.66   515 2.58   932  
-10 -48   2 Calcarine_L 0.39   515 0.09  2258  
-10 -48   2 OUTSIDE 0.19   515 0.00     0  
-24 -32  -8 ParaHippocampal_L 40.00   515 21.06   978  
-24 -32  -8 Fusiform_L 32.82   515 7.32  2310  
-24 -32  -8 Hippocampus_L 21.94   515 12.12   932  
-24 -32  -8 Thalamus_L 4.08   515 1.91  1100  
-24 -32  -8 OUTSIDE 0.19   515 0.00     0  
 16 -34   0 Cingulum_Post_R 26.80   515 41.19   335  
 16 -34   0 Precuneus_R 21.36   515 3.37  3265  
 16 -34   0 ParaHippocampal_R 15.53   515 7.07  1132  
 16 -34   0 Thalamus_R 7.96   515 3.88  1057  
 16 -34   0 Lingual_R 5.24   515 1.17  2300  
 16 -34   0 Hippocampus_R 0.19   515 0.11   946  
 16 -34   0 OUTSIDE 0.19   515 0.00     0  
 16 -48   4 Precuneus_R 43.50   515 6.86  3265  
 16 -48   4 Cerebelum_4_5_R 30.29   515 18.12   861  
 16 -48   4 Lingual_R 18.64   515 4.17  2300  
 16 -48   4 Cingulum_Post_R 3.88   515 5.97   335  
 16 -48   4 Vermis_4_5 1.55   515 1.20   665  
 16 -48   4 ParaHippocampal_R 1.36   515 0.62  1132  
 16 -48   4 Calcarine_R 0.19   515 0.05  1861  
 16 -48   4 OUTSIDE 0.19   515 0.00     0  
 14 -58  -4 Fusiform_R 77.86   515 15.93  2518  
 14 -58  -4 Cerebelum_6_R 15.34   515 4.40  1795  
 14 -58  -4 Lingual_R 1.55   515 0.35  2300  
 14 -58  -4 Vermis_4_5 0.39   515 0.30   665  
 14 -58  -4 Cerebelum_4_5_R 0.19   515 0.12   861  
 14 -58  -4 Calcarine_R 0.19   515 0.05  1861  
 50  24  24 Frontal_Inf_Tri_R 12.23   515 2.93  2151  
 50  24  24 Frontal_Inf_Oper_R 5.83   515 2.14  1399  
 50  24  24 Frontal_Mid_R 2.33   515 0.24  5104  
 50  24  24 OUTSIDE 0.19   515 0.00     0  
 64  18  22 Precentral_R 39.81   515 6.06  3381  
 64  18  22 Frontal_Inf_Tri_R 32.23   515 7.72  2151  
 64  18  22 Frontal_Inf_Oper_R 8.35   515 3.07  1399  
 64  18  22 OUTSIDE 0.19   515 0.00     0  
-46 -66 -20 Cerebelum_6_L 34.56   515 10.51  1694  
-46 -66 -20 Fusiform_L 23.69   515 5.28  2310  
-46 -66 -20 Temporal_Inf_L 21.75   515 3.50  3200  
-46 -66 -20 Occipital_Inf_L 11.84   515 6.48   941  
-46 -66 -20 Cerebelum_Crus1_L 5.44   515 1.08  2603  
-46 -66 -20 OUTSIDE 0.19   515 0.00     0  
 -2  42   0 Cingulum_Ant_R 59.61   515 23.38  1313  



Olfaction, Vision, and Audition 47 

 -2  42   0 Frontal_Med_Orb_R 7.77   515 4.67   856  
 -2  42   0 Cingulum_Ant_L 7.57   515 2.79  1400  
 -2  42   0 Frontal_Sup_Medial_L 5.05   515 0.87  2992  
 -2  42   0 Frontal_Med_Orb_L 3.11   515 2.23   719  
 -2  42   0 Frontal_Sup_Medial_R 0.39   515 0.09  2134  
 -2  42   0 OUTSIDE 0.19   515 0.00     0  
-22  44  26 Frontal_Sup_Medial_L 59.42   515 10.23  2992  
-22  44  26 Frontal_Mid_L 29.51   515 3.13  4863  
-22  44  26 Frontal_Sup_L 9.90   515 1.42  3599  
-22  44  26 OUTSIDE 0.19   515 0.00     0  
-24   0  -4 Pallidum_L 52.23   515 91.81   293  
-24   0  -4 Amygdala_L 16.50   515 38.64   220  
-24   0  -4 Putamen_L 2.91   515 1.49  1009  
-24   0  -4 OUTSIDE 0.19   515 0.00     0  
 10   4   8 Caudate_R 66.60   515 34.51   994  
 10   4   8 Putamen_R 28.74   515 13.91  1064  
 10   4   8 Thalamus_R 4.27   515 2.08  1057  
 10   4   8 Pallidum_R 0.19   515 0.36   280  
 10   4   8 OUTSIDE 0.19   515 0.00     0  
 48 -36  -2 Temporal_Sup_R 40.78   515 6.69  3141  
 48 -36  -2 Temporal_Mid_R 17.86   515 2.09  4409  
 48 -36  -2 OUTSIDE 0.19   515 0.00     0  
-58  -4 -30 Temporal_Pole_Mid_L 37.48   515 25.56   755  
-58  -4 -30 Temporal_Mid_L 28.54   515 2.97  4942  
-58  -4 -30 Temporal_Inf_L 0.19   515 0.03  3200  
-58  -4 -30 OUTSIDE 0.19   515 0.00     0  
 36  14  28 Frontal_Inf_Tri_R 42.72   515 10.23  2151  
 36  14  28 Precentral_R 27.96   515 4.26  3381  
 36  14  28 Frontal_Inf_Oper_R 8.16   515 3.00  1399  
 36  14  28 Frontal_Mid_R 0.19   515 0.02  5104  
 36  14  28 OUTSIDE 0.19   515 0.00     0  
 12 -14  18 Caudate_R 45.24   515 23.44   994  
 12 -14  18 Thalamus_R 12.43   515 6.05  1057  
 12 -14  18 OUTSIDE 0.19   515 0.00     0  
-28 -30 -12 ParaHippocampal_L 41.36   515 21.78   978  
-28 -30 -12 Fusiform_L 27.38   515 6.10  2310  
-28 -30 -12 Hippocampus_L 16.50   515 9.12   932  
-28 -30 -12 Temporal_Inf_L 13.59   515 2.19  3200  
-28 -30 -12 OUTSIDE 0.19   515 0.00     0  
-22  10 -16 Frontal_Sup_Orb_L 21.36   515 11.42   963  
-22  10 -16 Olfactory_L 16.70   515 30.71   280  
-22  10 -16 Rectus_L 14.17   515 8.57   852  
-22  10 -16 ParaHippocampal_L 13.59   515 7.16   978  
-22  10 -16 Temporal_Pole_Sup_L 12.04   515 4.82  1285  
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-22  10 -16 Frontal_Inf_Orb_L 6.41   515 1.95  1690  
-22  10 -16 Putamen_L 4.27   515 2.18  1009  
-22  10 -16 Insula_L 2.72   515 0.75  1858  
-22  10 -16 Amygdala_L 2.33   515 5.45   220  
-22  10 -16 OUTSIDE 0.19   515 0.00     0  
 
table shows at most 3 local maxima > 8.0mm apart per cluster. 
-------------------------------------------------------------------------------- 
Height threshold: T = 4.29, p = 0.000 (0.050) 
Extent threshold: k = 0 voxels, p = 1.000 (0.050) 
Expected voxels per cluster, <k> = 38.595 
Expected number of clusters, <c> = 0.05 
Expected false discovery rate, <= NaN 
Degrees of freedom = [1.0, 2592.0] 
Smoothness FWHM = 20.1 20.4 17.3 {mm}  = 10.0 10.2 8.6 {voxels} 
Search vol: 1379696 cmm; 172462 voxels; 179.5 resels 
Voxel size: [2.0, 2.0, 2.0] mm  (1 resel = 883.62 voxels) 
 
==================================================================
============== 
 
noodour-incong 
 
STATISTICS: volume summary (labels and percentages for the entire volume) 
==================================================================
============== 
      
x,y,z {mm} nom du label % Cluster Nb Vx Cluster % Label Nb Vx Label 
-------------------------------------------------------------------------------- 
 36 -62 -18 Temporal_Inf_R 56.89   515 8.24  3557  
 36 -62 -18 Fusiform_R 8.54   515 1.75  2518  
 36 -62 -18 Cerebelum_6_R 2.33   515 0.67  1795  
 36 -62 -18 Cerebelum_Crus1_R 2.33   515 0.45  2648  
 36 -62 -18 Occipital_Inf_R 0.19   515 0.10   989  
 36 -62 -18 OUTSIDE 0.19   515 0.00     0  
-34 -68 -20 Cerebelum_Crus1_L 42.33   515 8.37  2603  
-34 -68 -20 Cerebelum_6_L 23.50   515 7.14  1694  
-34 -68 -20 Fusiform_L 0.39   515 0.09  2310  
-34 -68 -20 Occipital_Inf_L 0.19   515 0.11   941  
 -2 -84  -6 Calcarine_R 47.18   515 13.06  1861  
 -2 -84  -6 Lingual_R 30.49   515 6.83  2300  
 -2 -84  -6 Cerebelum_6_L 9.51   515 2.89  1694  
 -2 -84  -6 Calcarine_L 9.51   515 2.17  2258  
 -2 -84  -6 Vermis_6 1.17   515 1.62   371  
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 -2 -84  -6 Lingual_L 0.78   515 0.19  2095  
 -2 -84  -6 OUTSIDE 0.19   515 0.00     0  
 50  -2  54 Frontal_Mid_R 37.28   515 3.76  5104  
 50  -2  54 Precentral_R 26.60   515 4.05  3381  
 50  -2  54 OUTSIDE 0.19   515 0.00     0  
 66 -10  10 Postcentral_R 24.08   515 3.24  3823  
 66 -10  10 Heschl_R 18.64   515 38.55   249  
 66 -10  10 Rolandic_Oper_R 13.01   515 5.03  1331  
 66 -10  10 Temporal_Sup_R 2.91   515 0.48  3141  
 66 -10  10 OUTSIDE 0.19   515 0.00     0  
-50  -4  44 Postcentral_L 60.39   515 7.99  3892  
-50  -4  44 Precentral_L 5.05   515 0.74  3526  
-50  -4  44 OUTSIDE 0.19   515 0.00     0  
-30  60  16 Frontal_Mid_L 28.54   515 3.02  4863  
-30  60  16 Frontal_Sup_L 27.96   515 4.00  3599  
-30  60  16 OUTSIDE 0.19   515 0.00     0  
-44  34  26 Frontal_Inf_Tri_L 47.96   515 9.77  2529  
-44  34  26 Frontal_Mid_L 7.18   515 0.76  4863  
-44  34  26 OUTSIDE 0.19   515 0.00     0  
-30 -88  20 Occipital_Sup_L 13.01   515 4.90  1366  
-30 -88  20 Occipital_Mid_L 8.93   515 1.41  3270  
-30 -88  20 OUTSIDE 0.19   515 0.00     0  
-44 -80  18 Angular_L 66.21   515 29.07  1173  
-44 -80  18 Occipital_Mid_L 28.35   515 4.46  3270  
-44 -80  18 Temporal_Mid_L 0.58   515 0.06  4942  
-44 -80  18 OUTSIDE 0.19   515 0.00     0  
-16 -34  -2 Hippocampus_L 25.05   515 13.84   932  
-16 -34  -2 ParaHippocampal_L 22.72   515 11.96   978  
-16 -34  -2 Precuneus_L 19.22   515 2.81  3528  
-16 -34  -2 Cerebelum_4_5_L 18.25   515 8.36  1125  
-16 -34  -2 Lingual_L 11.07   515 2.72  2095  
-16 -34  -2 Thalamus_L 2.72   515 1.27  1100  
-16 -34  -2 OUTSIDE 0.19   515 0.00     0  
-10 -16  14 Caudate_L 24.66   515 13.20   962  
-10 -16  14 Thalamus_L 2.52   515 1.18  1100  
-10 -16  14 OUTSIDE 0.19   515 0.00     0  
-14 -84  40 Parietal_Sup_L 54.37   515 13.56  2065  
-14 -84  40 Occipital_Sup_L 27.96   515 10.54  1366  
-14 -84  40 Cuneus_L 7.96   515 2.69  1526  
-14 -84  40 Precuneus_L 6.21   515 0.91  3528  
-14 -84  40 OUTSIDE 0.19   515 0.00     0  
-40  24  38 Frontal_Inf_Oper_L 90.49   515 44.89  1038  
-40  24  38 Frontal_Inf_Tri_L 4.85   515 0.99  2529  
-40  24  38 Frontal_Mid_L 0.19   515 0.02  4863  
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table shows at most 3 local maxima > 8.0mm apart per cluster. 
-------------------------------------------------------------------------------- 
Height threshold: T = 4.29, p = 0.000 (0.050) 
Extent threshold: k = 0 voxels, p = 1.000 (0.050) 
Expected voxels per cluster, <k> = 38.595 
Expected number of clusters, <c> = 0.05 
Expected false discovery rate, <= NaN 
Degrees of freedom = [1.0, 2592.0] 
Smoothness FWHM = 20.1 20.4 17.3 {mm}  = 10.0 10.2 8.6 {voxels} 
Search vol: 1379696 cmm; 172462 voxels; 179.5 resels 
Voxel size: [2.0, 2.0, 2.0] mm  (1 resel = 883.62 voxels) 
 
==================================================================
============== 
 
cong-incong 
These are listed also at FWE p<0.05, the lower threshold was just for the rendering. 
 
STATISTICS: volume summary (labels and percentages for the entire volume) 
==================================================================
============== 
      
x,y,z {mm} nom du label % Cluster Nb Vx Cluster % Label Nb Vx Label 
-------------------------------------------------------------------------------- 
-30 -92  16 Occipital_Sup_L 27.38   515 10.32  1366  
-30 -92  16 Occipital_Mid_L 3.69   515 0.58  3270  
-30 -92  16 OUTSIDE 0.19   515 0.00     0  
 24 -90 -10 Occipital_Mid_R 53.20   515 13.06  2098  
 24 -90 -10 Fusiform_R 30.87   515 6.31  2518  
 24 -90 -10 Cerebelum_Crus1_R 7.57   515 1.47  2648  
 24 -90 -10 Lingual_R 4.27   515 0.96  2300  
 24 -90 -10 Calcarine_R 2.33   515 0.64  1861  
 24 -90 -10 Cerebelum_6_R 1.17   515 0.33  1795  
 24 -90 -10 Occipital_Inf_R 0.19   515 0.10   989  
 24 -90 -10 OUTSIDE 0.19   515 0.00     0  
 18 -98   6 Cuneus_R 37.28   515 13.48  1424  
 18 -98   6 Occipital_Sup_R 24.47   515 8.92  1413  
 18 -98   6 Calcarine_R 17.48   515 4.84  1861  
 18 -98   6 Occipital_Mid_R 15.15   515 3.72  2098  
 18 -98   6 Occipital_Inf_R 5.44   515 2.83   989  
 18 -98   6 OUTSIDE 0.19   515 0.00     0  
  4 -86   2 Calcarine_R 46.60   515 12.90  1861  
  4 -86   2 Lingual_L 33.01   515 8.11  2095  
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  4 -86   2 Lingual_R 7.38   515 1.65  2300  
  4 -86   2 Calcarine_L 0.97   515 0.22  2258  
  4 -86   2 OUTSIDE 0.19   515 0.00     0  
 38 -82  16 Occipital_Sup_R 6.02   515 2.19  1413  
 38 -82  16 Occipital_Mid_R 0.58   515 0.14  2098  
 38 -82  16 OUTSIDE 0.19   515 0.00     0  
-34 -66 -24 Cerebelum_6_L 39.42   515 11.98  1694  
-34 -66 -24 Cerebelum_Crus1_L 17.86   515 3.53  2603  
-34 -66 -24 Fusiform_L 0.19   515 0.04  2310  
 40 -86   4 Occipital_Inf_R 67.77   515 35.29   989  
 40 -86   4 Occipital_Mid_R 17.67   515 4.34  2098  
 40 -86   4 OUTSIDE 0.19   515 0.00     0  
 
table shows at most 3 local maxima > 8.0mm apart per cluster. 
-------------------------------------------------------------------------------- 
Height threshold: T = 4.29, p = 0.000 (0.050) 
Extent threshold: k = 0 voxels, p = 1.000 (0.050) 
Expected voxels per cluster, <k> = 38.595 
Expected number of clusters, <c> = 0.05 
Expected false discovery rate, <= NaN 
Degrees of freedom = [1.0, 2592.0] 
Smoothness FWHM = 20.1 20.4 17.3 {mm}  = 10.0 10.2 8.6 {voxels} 
Search vol: 1379696 cmm; 172462 voxels; 179.5 resels 
Voxel size: [2.0, 2.0, 2.0] mm  (1 resel = 883.62 voxels) 
 
==================================================================

============== 


