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2009). Likewise, presenting items in a rapid serial visual presentation 
sequence (Joo et al., 2009; McNair, Goodbourn, Shone, & Harris, 2017) 
or in the periphery (Morgan, Chubb, & Solomon, 2008) such that 
conscious perception of the items is significantly weakened has little 
impact on the statistical averaging performance. As such, the specialized 
mechanism for summary statistical processing may be distinct from the 
well-established processing hierarchy for individual object identifica
tion and recognition (DiCarlo, Zoccolan, & Rust, 2012). 

In summary statistical representation, the visual system derives the 
summary statistical representation of the stimulus set without retaining 
representations of the individual items within the set (Ariely, 2001). 
This may provide a foundation for gist perception (Alvarez, 2011; Cha & 
Chong, 2018; Maule, Witzel, & Franklin, 2014), in which the global 
configurations of hierarchically structured visual patterns are perceived 
before the local elements. Intriguingly, many visual features showing 
such global processing characteristics, such as global shape (Solo
veichick, Kimchi, & Gabay, 2021) and numerosity (Collins, Park, & 
Behrmann, 2017), have been suggested to be encoded in the subcortex. 
For instance, when the visual cortex is lesioned, subcortical relays can 
extract attributes from the visual stimuli for crude pattern discrimina
tion (Perenin & Jeannerod, 1979; Weiskrantz, Warrington, Sanders, & 
Marshall, 1974). By analogy, the summary statistical representation 
may recruit subcortical structures to convey the summary and crude 
information about the stimulus set as well (Williams, Morris, McGlone, 
Abbott, & Mattingley, 2004). It is thus reasonable to hypothesize that 
subcortical structures are involved in summary statistical processing, 
supporting automatic and even unconscious extraction of global 
information. 

To investigate the processing stage of summary statistical represen
tation and the possible contribution of subcortical structures to the 
statistical representation, we utilized two psychophysical methods to 
differentiate between cortical and subcortical processing. Taking 
advantage of interocular suppression, which suppresses information 
processing in various stages of visual hierarchy (Fang & He, 2005; Jiang 
& He, 2006; Wunderlich, Schneider, & Kastner, 2005; Yuval-Greenberg 
& Heeger, 2013) while retaining information transmitted by subcortical 
pathways (Fang & He, 2005; Pasley, Mayes, & Schultz, 2004; Williams 
et al., 2004), Experiments 1 and 2 first investigated the summary sta
tistical representation of interocularly suppressed, and thus invisible, 
size information. If the subcortex is involved in the summary statistical 
representation, the interocularly suppressed circles should be repre
sented in the brain and affect the explicit mean size perception. 

In a similar paradigm, Joo et al. (2009) did not find any effect of 
interocularly suppressed stimuli on the mean size judgment. This may be 
because the stimuli were presented dichotically to different eyes. 
Notably, binocular visual signals are separated in pre-striate regions and 
merged mostly in the layer IV of the primary visual cortex (Baker, Grigg, 
& von Noorden, 1974; Burkhalter & Van Essen, 1986; Horton, 1990; 
Menon, Ogawa, Strupp, & Uǧurbil, 1997). To confirm the involvement 
of the subcortex, Experiment 2 used an adapted eye-of-origin paradigm 
(Gabay, Nestor, Dundas, & Behrmann, 2014), which manipulated the 
eye of origin of the suppressed and unsuppressed stimuli by presenting 
circles of different sizes either to the same eye or to different eyes. 
Experiment 3 then extended the eye-of-origin manipulation to stimuli at 
the conscious level. These experiments revealed summary statistical 
representations of interocularly suppressed 
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2.1. Materials and methods 

2.1.1. Participants 
Considering that no previous studies compared different manipula

tions over interocularly suppressed stimuli in summary statistical pro
cessing, we used a relatively large sample size of thirty-four participants 
(mean age 20.97 years, range 18–25 years; 20 females) in Experiment 1. 
All participants had normal or corrected-to-normal vision. They were 
naive to the purpose of the experiments and received monetary 
compensation for participation. This study was approved by the 
Departmental Ethical Committee of Hangzhou Normal University. 

2.1.2. Apparatus 
We used MATLAB (The MathWorks) and Psychotoolbox-3 toolbox 

(Brainard, 1997; Pelli, 1997) to generate and display visual stimuli and 
to record behavioral responses. The stimuli were presented on a 21-in. 
CRT with a refresh rate of 75 Hz and a resolution of 1024 × 768 
pixels. The experiment was conducted in a dimly lit room, where par
ticipants viewed the screen with both eyes through a stereoscope so that 
the left and right halves of the screen were projected to the left and right 
eyes, respectively. Participants adjusted the stereoscope to fuse the two 
visual fields before starting the experiment. A chin rest was used to 
constrain the viewing distance to 70 cm. 

2.1.3. Stimuli 
A pilot study was conducted to compare the effectiveness of inter

ocular suppression using four types of masks: the high-contrast and 
dynamic checkerboard, the textured noise (Fang & He, 2005), the 
Mondrian patterns (Tsuchiya & Koch, 2005), and the bull’s eye. Possibly 
because the stimuli and the mask shared similar spatial patterns (Hong & 
Blake, 2009; Yang & Blake, 2012), the bull’s eye was found to be the 
most effective. We thus used the bull’s eye (radius: 2.73◦ in visual angle) 
that was composed of black and white rings (black: 0.88 cd/m2; white: 
71.45 cd/m2; width: 0.13◦) alternating in luminance at a frequency of 
10 Hz as the mask in the present experiments. 

Each eye was presented with a white rectangular frame (8.56◦ ×

8.56◦) with a white fixation dot (71.45 cd/m2; 0.17◦) in the center of the 
visual field (13.79 cd/m2) throughout all trials. The rectangular frame 
for each eye was subdivided into an imaginary 3 × 3 matrix (Fig. 1A). In 
the dichoptic presentation condition, eight circles (32.18 cd/m2) with 
varied sizes were presented to the nondominant eye (see Fig. 1B). Three 
bull’s eye masks were presented to the dominant eye, at the corre
sponding locations of the three largest (mask-big condition) or smallest 
(mask-small condition) circles. In the monocular presentation condition, 
three masks and five visible circles were presented to the nondominant 
eye, while no circles were presented in the masked locations. A hole-in- 
the-card test was used to determine the dominant eye of each 
participant. 

In both the dichoptic and monocular presentations, the mean radius 
of the visible circles was randomly chosen from four constant sizes of 
1.05◦, 1.2◦, 1.35◦, and 1.5◦. The radii of the five visible circles were 
chosen between 0.6 and 1.4 times their average radius randomly. The 
dichoptic presentation further contained three invisible circles: in the 
mask-small condition, the radii of the three invisible circles were chosen 
between 0.8 and 1 times the smallest value of the visible circles 
randomly; in the mask-big condition, the radii of the three invisible 
circles were chosen between 1 and 1.2 times the biggest value of the 
visible circles randomly. This process rendered the average radius of the 
eight circles 20% smaller and larger than the average radius of the five 
visible circles in the mask-small and mask-big conditions, respectively. 
The initial radius of the probe circle was set to be 1.26◦ in visual angle. 

2.1.4. Procedure 
At the beginning of the experiment, a white fixation dot centered at a 

white rectangular frame was presented to each eye for 500 ms. Each trial 
began with presenting a stimulus array containing eight or five circles 

and three masks dichotically or monocularly for 200 ms. Participants 
were asked to estimate the mean size of the perceived circles. After a 
1000-ms blank display, a probe circle was presented to the nondominant 
eye, the same eye as the visible circles (Fig. 1A). Participants adjusted 
the size of the probe circle to match their perceived mean size of the 
circles in the stimulus array. The “up” and “down” arrow keys in the 
keyboard were used for adjustments in small steps (0.03◦), and the “left” 
and “right” arrow keys were used for adjustments in large steps (0.1◦). 
Participants pressed the “enter” key to confirm their response and to 
move on to the subsequent trial. No time limit was set for the adjust
ment. After completing 20 practice trials, each participant performed 
640 experimental trials, which took about 1 h. A forced break was 
inserted after every 64 trials. 

2.1.5. Data analysis 
First, we estimated the distribution of the size differences between 

the adjusted size and the actual mean size of the visible circles across 
trials. Trials whose size differences exceeded 3 standard deviations were 
treated as outliers and excluded (Gilster & Kuhtz-Buschbeck, 2011; 
Manning, Morgan, Allen, & Pellicano, 2017). A relative mean size dif
ference (RMSD) score was then calculated for the mask-big and mask- 
small conditions (Li & Yeh, 2017). The RMSD was defined as the dif
ference of the adjusted sizes between the dichoptic and monocular 
presentation conditions divided by the actual mean size of the visible 
circles: RMSD = Estimated mean size (dichoptic – monocular)/Mean of 
visible sizes. The RMSD represents the percentage of size changes due to 
the influence of the invisible circles. The 95% confidence intervals 
(Mean ± 2 × SEM) were used for all error bars in the data presentation 
(Belia, Fidler, Williams, & Cumming, 2005; Krzywinski & Altman, 
2014). 

2.2. Results and discussion 

2.2.1. Involvement of interocularly suppressed circles in the summary 
statistical representation 

Subjective reporting validated that the bull’s eyes masks were 
effective in inducing interocular suppression. No participants reported 
seeing circles overlay on or alternate with the masks during or after the 
experiment. We also confirmed that the mean size judgment did not 
differ between the two baseline conditions, i.e., the mask-big and mask- 
small monocular presentations, that did not contain invisible circles (t 
(33) = 0.16, p = 0.876, Cohen’s d = 0.03). To examine if the invisible, 
thus unconsciously processed, circles were involved in the summary 
statistical representation, we estimated the adjusted mean size in the 
mask-big and mask-small conditions. The relative mean size difference 
(RMSD), defined as the adjusted size differences between the dichoptic 
and monocular presentations divided by the mean size of the visible 
circles, was calculated (Li & Yeh, 2017). As shown in Fig. 2, the RMSD in 
the mask-big condition was larger than zero (t(33) = 2.03, p = 0.050, 
Cohen’s d = 0.35), indicating that the circle array containing large 
invisible circles was perceived to be larger than the perceived mean size 
of its visible circles alone. In contrast, the RMSD in the mask-small 
condition was significantly smaller than zero (t(33) = − 3.65, p <
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could occur at the subcortex. One could argue that some information in 
the suppressed eye might have escaped interocular suppression and was 
transmitted to V1 and even high-level visual areas to merge with the 
information of visible circles for summary statistical processing. To 
further explore the potential contribution of subcortical regions to sta
tistical representation, we employed an adapted eye-of-origin paradigm 
to restrict the statistical processing to be before binocular fusion in 
Experiment 2. 

3. Experiment 2 

In Experiment 2, the invisible circles were presented either to the 
same eye or to different eyes as the visible circles (Fig. 3). In the same- 
eye condition, three invisible circles and five visible circles were pre
sented simultaneously to the nondominant eye (Fig. 3, top left), just as in 

the dichoptic condition in Experiment 1. In the different-eye condition, 
the three invisible circles were presented to the different eye than the 
five visible circles (Fig. 3, bottom left). As in Experiment 1, the masks 
were always presented to the dominant eye, and the three masked circles 
were presented to the nondominant eye. Two monocular control con
ditions were introduced, which matched the presentation of the visible 
circles and the masks of their corresponding dichoptic conditions. We 
predicted that if the subcortex represents the summary statistics, biased 
summary representation should occur in the same-eye condition but 
disappear in the different-eye condition. 

3.1. Materials and methods 

3.1.1. Participants 
The sample size was estimated based on the effect size obtained from 

the difference between the two dichoptic conditions in Experiment 1, 
using G*Power software (Faul, Erdfelder, Buchner, & Lang, 2009). Our 
calculation showed that 30 participants were required to obtain a power 
of 0.85 and a significance level of 0.05 (two-tailed). Therefore, Experi
ment 2 recruited 30 participants (mean age 20.9 years, range 18–25 
years, 22 females). 

3.1.2. Apparatus and stimuli 
The same apparatus and stimuli were used as in Experiment 1. The 

same-eye condition, including the dichoptic presentation and its 
monocular control, was a direct replicate of Experiment 1 (Fig. 3). The 
different-eye condition also contained a dichoptic presentation and a 
monocular control. In the different-eye dichoptic condition, three masks 
were presented to the dominant eye along with five visible circles, while 
the three masked circles were presented to the nondominant eye. In the 
monocular control for the different-eye dichoptic condition, three masks 
and five circles were presented to the dominant eye, while no circles 
were presented to the nondominant eye. 

3.1.3. Procedure 
Experiment 2 used a 2 (presentation types: dichoptic or monocular) 

× 2 (mask types: mask-big or mask-small) × 2 (eye sources: same-eye or 
different-eye) within-subject design. The procedure was the same as in 
Experiment 1. The probe circle was always presented to the eye of the 
visible circles. Trials from different conditions were randomized in the 
experiment. Participants completed 960 trials, which took about 1.5 h. A 
forced break was inserted after every 96 trials. 

3.1.4. Data analysis 
The outlier-excluding procedure was the same as in Experiment 1. 

The RMSDs were computed separately for each mask type (i.e., mask big 
or mask small) with each eye source (i.e., same eye or different eye). 

Fig. 2. Results of Experiment 1. The estimated mean size was larger (RMSD 
>0) in the mask-big condition and smaller (RMSD <0) in the mask-small 
condition under interocular suppression when compared with the monocular 
condition that contained no invisible circles. The estimated mean size was 
larger in the mask-big condition than in the mask-small condition. Error bars 
represent the 95% confidence interval. * p < 0.05, ** p < 0.01, *** p < 0.001. 

Fig. 3. Presentation conditions in Experiment 2. The 
setting of the dichoptic and monocular presentations 
was the same as in Experiment 1. In the same-eye 
dichoptic condition, both the visible and invisible 
circles were presented to the nondominant eye. In the 
different-eye dichoptic condition, the invisible circles 
were presented to the nondominant eye, while the 
visible circles were presented to the dominant eye. 
The three masks were always presented to the domi
nant eye in the dichoptic presentation. The two 
monocular conditions matched the percept of the 
corresponding dichoptic conditions but did not 
contain masked circles.   

Y. Zhao et al.                                                                                                                                                                                                                                    
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3.2. Results and discussion 

3.2.1. Summary statistical representation in the monocular channels 
We separately calculated the RMSD for the mask-big and mask-small 

conditions in the same-eye and different-eye conditions. As shown in 
Fig. 4, in the same-eye condition, the RMSD was not significantly larger 
than zero in the mask-big condition (t(29) = 0.09, p = 0.929, Cohen’s d 
= 0.02) but was significantly smaller than zero in the mask-small con
dition (t(29) = 2.03, p < 0.001, Cohen’s d = − 0.88). In the different-eye 
condition, the RMSD was not significantly different from zero in either 
the mask-big (t(29) = 1.23, p = 0.229, Cohen’s d = 0.22) or the mask- 
small (t(29) = − 0.37, p = 0.715, Cohen’s d = − 0.07) condition. 
Therefore, the perceived mean size was smaller for the dichoptic pre
sentation, which contained small invisible circles, than for the monoc
ular presentation, only in the single-eye presentation. 

A 2 (eye sources: same-eye or different-eye) × 2 (mask types: mask- 
big or mask-small) repeated-measures ANOVA showed a significant 
main effect of the eye source (F(1,29) = 4.29, p = 0.047, partial η2 =

0.13), with the RMSD being generally larger in the different-eye con
dition than in the same-eye condition. The main effect of the mask type 
was also significant (F(1,29) = 8.05, p = 0.008, partial η2 = 0.22), with 
the involvement of the big invisible circles significantly increasing the 
RMSD. Critically, the interaction between the two factors was significant 
(F(1,29) = 5.29, p = 0.029, partial η2 = 0.15). Follow-up analyses 

showed that the RMSD in the mask-big condition was larger than that in 
the mask-small condition (t(29) = 3.65, p = 0.001, Cohen’s d = 0.67) 
when the visible and invisible circles were presented to the same eye. In 
contrast, when the visible and invisible circles were presented to 
different eyes, the RMSD was not reliably influenced by the invisible 
circles, as indicated by the lack of a significant difference between the 
mask-big and mask-small conditions (t(29) = 1.35, p = 0.188, Cohen’s d 
= 0.25). Interestingly, the effect size of the mask-small condition was 
larger than that of the mask-big condition in the same-eye presentation. 
This result replicates that in Experiment 1, indicating that the masked 
small circles have a larger effect on b3′㘮㤸㜲㈲‰‱‱㜮㤵㌵‱㜮〶㐴⁔洊嬰〰ഀ
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4.1.3. Procedure 
The experiment was a one-factor (probe location: big-eye or small- 

eye) within-subject design. Each trial began with the presentation of a 
fixation dot in a rectangular frame to both eyes for 200 ms, followed by a 
200-ms presentation of the circle array. After a 1000-ms blank display, a 
probe circle was presented until response. Two types of trials were 
randomly intermixed during the experiment. In the big-eye trials, the 
probe circle was presented to the eye to which the larger circles were 
presented. In the small-eye trials, the probe circle was presented to the 
eye to which the small circles were presented. Participants adjusted the 
size of the probe circle to match the perceived mean size of the circle 
array and pressed the “enter” key to confirm their response. The eye 
sources for the big and small circles were matched within participants. 
After completing 20 practice trials, each participant performed 640 
experimental trials. The whole experiment took about 1 h. A forced 
break was inserted after every 64 trials. 

4.1.4. Data analysis 
The outlier-excluding procedure was the same as above. RMSD was 

defined as the difference between the estimated mean size and the actual 
mean size divided by the actual mean size: RMSD = (Estimated mean size 
– Actual mean size)/ Actual mean size. The RMSD was calculated in the 
big-eye and small-eye conditions separately. 

4.2. Results and discussion 

4.2.1. Same-eye effect of summary statistical processing in conscious 
processing 

We defined the RMSD as the difference between the estimated mean 
size and the actual mean size divided by the actual mean size. We 
calculated the RMSD scores in the big-eye and small-eye conditions. The 
RMSDs in the two conditions were both significantly higher than zero 
(big-eye: t(29) = 4.77, p < 0.001, Cohen’s d = 0.87; small-eye: t(29) =
4.54, p < 0.001, Cohen’s d = 0.83). These results are consistent with 
previous findings that the mean size perception is positively biased as 
the number of items in the stimulus set increases (Kanaya, Hayashi, & 
Whitney, 2018; Marchant, Simons, & de Fockert, 2013) and that 
increased variability between items leads to an overestimation of the 
mean size (Semizer & Boduroglu, 2021). Critically, we found that the 
RMSD in the big-eye condition was significantly larger than that in the 
small-eye condition (Fig. 6; t(29) = 3,49, p = 0.002, Cohen’s d = 0.64), 
revealing a same-eye effect in mean size perception in the conscious 
processing. The same-eye effect implies that the summary statistical 
representation occurs early in visual processing, which may rely on 
subcortical structures. 

5. General discussion 

The present study investigated the processing stage of summary 
statistics in the human brain. Taking advantage of interocular suppres
sion, Experiment 1 revealed that the mean size estimation automatically 
counted in the invisible, thus unconsciously processed, size information. 
Using an adapted eye-of-origin paradigm, Experiment 2 further con
strained this unconscious processing to information accessed through 
the monocular channels, providing evidence that the subcortical brain 
structures may be involved in the summary statistical representation. 
Finally, Experiment 3 demonstrated that the size information presented 
to the monocular channels also affected the conscious estimation of the 
mean size. Together, these findings convergently suggest that summary 
statistical representation occurs at an early stage of visual processing. 

Fig. 5. Presentation conditions in Experiment 3. Four big circles were presented to one eye, and four small circles were presented to the other eye (the right eye in 
this illustration). In the big-eye condition, the probe was presented to the eye where the big circles were presented (left). In the small-eye condition, the probe was 
presented to the eye where the small circles were presented (right). 

Fig. 6. Results of Experiment 3. The perceived size was larger when the probe 
was presented to the eye where big circles were presented than to the eye where 
small circles were presented. Error bars represent the 95% confidence interval. 
** p < 0.01, *** p < 0.001. 

Y. Zhao et al.                                                                                                                                                                                                                                    
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The same-eye effect in statistical processing further hints that the 
subcortical structures may be recruited for summary statistical 
representation. 

The unconscious statistical processing revealed by Experiments 1 
and 2 suggests that summary statistical representation occurs at an early 
stage of visual processing. This result explains the findings that the 
summary statistical representation is completed as fast as and even 
faster than the processing of single items (Epstein & Emmanouil, 2021) 
and advocates a specialized mechanism in the brain for statistical rep
resentation. Unconscious processing has often been used to implicate 
subcortical processing. This is based on the finding that interocular 
suppression reduces the neural response in cortical regions, including V1 
(Yuval-Greenberg & Heeger, 2013) and higher-level visual areas (Fang 
& He, 2005; Jiang & He, 2006), but preserves the neural response in 
subcortical structures (Pasley et al., 2004). In such cases, interocular 
suppression appears well suited to evaluate the subcortical processing of 
summary statistical information independent of cortical processing. 

Beyond unconscious summary statistical processing, the present 
study showed a same-eye effect of the summary statistical representa
tion. Specifically, Experiment 2 found that the invisible stimuli affected 
the mean size judgment only when presented to the same eye as the 
visible stimuli. The finding that the invisible stimuli presenting to a 
different eye were not counted in the statistical representation suggested 
that the process was completed before the binocular fusion. However, it 
is possible that subcortical processing is recruited adaptively during the 
processing of unconscious information, which relies much less on the 
cortical brain areas than conscious information processing (Fang & He, 
2005; Jiang & He, 2006). On the other hand, the cortical areas may be 
recruited to process the statistical information during conscious 
perception (Cant & Xu, 2012; Tark et al., 2021). To exclude this possi
bility, Experiment 3 applied a modified eye-of-origin paradigm on 
conscious statistical processing (Collins et al., 2017; Gabay, Nestor, 
et al., 2014). Our finding of a same-eye effect in the conscious processing 
of statistical information suggests that monocular channels are involved 
in the statistical processing regardless of whether the information is 
accessible to conscious processing or not. Previous studies have also 
revealed less interocular suppression for the Magnocellular pathway 
than Parvocellular pathway (He, Carlson, & Chen, 2005; Zadbood, Lee, 
& Blake, 2011), but this incomplete suppression was excluded by the 
different effects of invisible circles in the same- than different-eye con
ditions in Experiment 2. 

In a similar study, Joo et al. (2009) also utilized interocular sup
pression to render a subset of circles invisible. However, they did not 
observe the influence of invisible sizes on size averaging. Because their 
items were presented across two eyes, their comparisons corresponded 
to the different-eye condition in the present study. As such, these results 
and our findings convergently suggest that the mean size processing is 
not preferentially processed in binocular visual channels. Notably, while 
Joo et al. (2009) used the two-alternative forced choice (2AFC) method, 
the present study used the adjustment method to measure the differ
ences between the reference and probe sizes. The adjustment method 
might be more sensitive than the 2AFC method because it not only 
measures which size is larger but also provides a magnitude of the size 
difference. Taking advantage of the adjustment method, we further 
showed that the influence of the invisible circles on the mean size 
perception was partial. Specifically, while the mean difference between 
the invisible and visible sizes was 20%, the perceived differences were 
below 4%. This finding provides important information that future 
studies exploring mean size perception using subliminal stimuli should 
enlarge the mean differences between the stimuli sets. 

It might be suspected that the suppressors (i.e., the bull’s eyes) used 
in the experiments contributed to the size averaging. This explanation 
can hardly be true because the suppressors should have had a general 
influence on size averaging while the effects we observed were condition 
sensitive. For example, Experiment 2 showed that the interocularly 
suppressed circles were involved in the mean size computation only 

when presented to the same eye as the visual circles. In a similar vein, 
the mask-big and mask-small conditions produced different effects on 
the mean size judgments, although they were masked by the same 
suppressors. These results could not be attributed to the general effect of 
the bull’s eyes. 

Considering that the monocular segregation of visual input is 
retained up to the striate cortex, the same-eye effect in the present re
sults might lie in the cortex (i.e., V1) (Horton, 1990; Menon et al., 1997) 
instead of the subcortex. Specifically, while there are relatively few 
monocular neurons beyond area V1 (Bi et al., 2011), layer IV of V1 still 
contains eye-specific, monocular neurons. An alternative explanation 
for the same-eye effect is that it emerged from V1 rather than pre-striate 
subcortical regions. However, this is unࠀਭ㈹樊㌮㄰ㄳ ㌮㄰ㄱ㌠‰⁔搊⠨bἀࠀ଩呪਱⸮㘴㌲‰⁔搊⠀ᄀࠀ㘀ఀ଩呪呪ਲ਼㜴ㄠ〠呤ਨutiliz⸵〰㠠〠呤ਨt☀ఀ଩呪਱⸮㘴㌲‰⁔搊⠀ᄀఀऀഀ଩吇iT樊㐮㐰㌠〠呤ਨ㌰㠹1Mthe ⥔樊ㄌ ⥔樊㔮㈋⥔樊ⵔ樊㌸㘸‭ㄮ㌨while ring ⥔樊㐮㤶㐹‰⁔搊⠀ࠀऀ㈀ఀ଩呪〹㔴‰⁔搊⠀܀᐀ఀ଩呪਱樊㈮ㄠ〠呤ਨfitatistiw㜵㤸‴‰⁔搊⠀؀ఀᄀ⤀Ԁᰠ࠳㜰㐠ܷ㐠〠呤ਨonvolw㘴㌲‰⁔搊⠀ᄵऀ฀଩呪਱⸱　଩呪ਲ਼⸷㤸㐠〠呤ਨunconk㤵㐠〠呤ਨthe ⥔樊ㄶ㔳‰⁔搊⠀㔷଩呪ਰ⸸㌲㈮㈳〶㠠〠呤ਨw᐀ఀ଩呪਱଩呪ਵ⸳㐱㤠〠呤ਰ㠸 ఀ⠀ሀԀbcor�ᄀⰀഀ଩呪਴⸰㘸‰⁔搊⠀ࠀԀ଩呪਱⸱⸵ㄶ㠶㠎〴‰⁔搊⠀㔐 ⥔樊ㄮㄮ㘴㍔樊㔰⁔搊⠀࠶ऀᄀ　ఀ฀⸸㘳㘠〠呤ਨthe ⥔樊㄀଩吀؀e ⥔樊㌮㠰㔶‰⁔搊⠀܀ࠀ㘀ఀᄀ଩㈳㔠〠呤ਨ�̀ ⥔樊ㄮ㔰㤵㐠ਲ਼⸶ࠀԀ呪ਵ㠠〠呤਴㤠he ⥔樊㄀଩呪ਲ਼⸲㔷㠠〠呤ਨbsed ⥔樰㤵㐠r;㜵‴‰⁔搊⠀ऀഀ฀଩呪ਊ㈮㌴㜳‰⁔搊⠀䨱ᄀ଩呪ਰ⸹ㄠ〠呤ਨ0呤ਨ⤀ఀ؀࠸㘸⸸㘳⸰㐰〠呤ਲ਼ㄵ㤠呤ਨdisible ⥔㈮㤱㘴‰⁔搊⠀гሀ⤀Ԁ؀ܮ㔱㘸㘸ะ㈠〠呤ਨuardly㠶㠹㔴‰⁔搊⠀㐔ese ⤊㌸㘸㘮㌰㐴〰⁔搊⠀u⥔樊⽆〠㄰㤵㐠ਲ਼⸶ࠀԀ呪ਵ㠠〠呤਴㤅n ⥔樊ㄮs. ⥔樊㌮㐰㜰⁔搊⠀гऀ฀଩呪਱ਲ⸳㐷㌠〠呤ਨ�ࠀఀ଩呪਱⸮㘷㜴‰⁔搊⠀ఀ଩呪ਰ⸸㔳 ⥔樊㌮㈵㜸‰⁔搊⠀܀᐀ࠀ਀ఀର㜱⁔樊㈮㔱㘸㘸ะ㜠〠呤ਨof ⥔樊ㄮㄲ㌵‰⁔搊⠀ܳఀ܀⸀ఀఀ〹㔴‰⁔搊㌰㠸⁔搊⠀܀᐀ఀ଩呪਱樊㈮ㄠ〠呤ਨmhe ⥔樊ㄍatp呪ਵ⸋⥔樮㄰଀
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summary statistical processing. The superior colliculus (Basso & May, 
2017) and pulvinar (Rikhye, Wimmer, & Halassa, 2018) are key areas of 
possible subcortical processing. Future studies could further explore the 
role of these structures, as well as their interactions with the cortex, in 
summary statistical processing. 

In conclusion, the three independent experiments in the present 
study convergently suggest that the adult human subcortex is involved 
in summary statistical processing. Further research based on these 
findings would establish a broader understanding of the interplay be
tween the cortical and subcortical structures in summary statistical 
processing. 
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