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Abstract30 

Our objective was to determine how different spatial frequencies affect the perceptual size 31 

rescaling of stimuli in the corridor illusion. We performed two experiments using the method 32 

of constant stimuli. In experiment 1, the task required participants to compare the perceived 33 

size of standard and comparison rings presented over the same background. ANOVA34 

revealed that the perceived size of the top and bottom standard rings changed as a function of 35 

the availability of the high, medium, and low spatial frequency information. In experiment 2, 36 

the task required participants to compare the perceived size of the standard ring presented 37 

over the background with a comparison ring presented outside of it. ANOVA revealed that 38 

the perceived size of the top but not the bottom standard ring changed as a function of the 39 

availability of medium spatial frequency information. Eye-tracking revealed that the spatial 40 

frequency range of the background image in the periphery affected participants eye 41 

positioning, which may explain why the effects of different spatial frequencies fluctuated 42 

across experiments. Nonetheless, when we consider these findings together, we propose that43 

the conceptual understanding of depth plays a more important role in explaining the corridor 44 

illusion than the low-level processing of depth information extracted from different spatial 45 

frequencies along separate channels.46 

Keywords: corridor illusion, Ponzo illusion, perceptual size rescaling, spatial frequency47 
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1. Introduction48 

When two physically identical stimuli are placed at the top and bottom sections of the 49 

background image in Figure 1, the top stimulus appears larger than the bottom one. This 50 

illusion is known as the corridor illusion (Boring, 1964). Gregory (1963, 1968, 1998, 2006)51 

proposed a theory to explain this illusion with the presence of pictorial depth cues in a 2-52 

dimensional (2D) picture. According to his theory, the brain uses the pictorial depth cues, 53 

such as linear perspective cues and texture gradients in Figure 1, to estimate more depth for 54 

the upper section of the image compared to the lower one. After depth information is 55 

extracted from the pictorial depth cues, the brain perceptually rescales the size of the objects 56 

based on their processed depth. This perceptual rescaling is normally helpful for perceiving 57 

the size of 3D objects in a 3D world at different distances, but it causes the objects in the 58 

upper and lower sections in the 2D picture of a corridor to appear larger and smaller, 59 

respectively. Since there is no real depth on a flat surface and the pictorial depth cues are in 60 

conflict with other depth cues, such as oculomotor ones, the effects of perceptual size 61 

rescaling with 2D illusory pictures is reduced compared to 3D scenes (Leibowitz, Brislin, 62 

Perlmutrer, & Hennessy, 1969). The present investigation examined the effects of different 63 

spatial frequencies on perceptual size rescaling in the corridor illusion.64 

The background image that we used to create the corridor illusion was a complex 65 

scene composed of a combination of many spatial frequencies. How different spatial 66 

frequencies affect perceptual size rescaling in the corridor illusion is unknown. It could be the 67 

case that the visual system processes the low and high spatial frequency information from the 68 

background image separately through the magnocellular and parvocellular pathways,69 

respectively (for review, see Kauffmann, Ramanoel, and Peyrin (2014) and Laycock, 70 

Crewther, and Crewther (2007)). The magnocellular and parvocellular pathways convey 71 

information to different parts of the cortex at different times (Laycock, Crewther, & 72 
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Chouinard, in press; Laycock et al., 2007). For instance, functional neuroimaging has 73 

revealed how low spatial frequency information, conveyed by the magnocellular pathway, is 74 

processed rapidly by various regions in the brain, including the dorsal stream and frontal 75 

lobes, before high spatial frequency information, conveyed by the parvocellular pathway, is 76 

processed more thoroughly with greater scrutiny by the ventral stream (Bar et al., 2006).77 

Taken together, the brain extracts coarse information before it processes fine-grained 78 

information (Bar et al., 2006). Many have argued that the dichotomy between the processing 79 

speed of the magnocellular and parvocellular pathways makes the former better suited for 80 

driving top-down influences on visual perception (Bar et al., 2006; Kauffmann et al., 2014; 81 

Laycock et al., 2007; Patai, Buckley, & Nobre, 2013).82 

The role of the magnocellular and parvocellular pathways in the perceptual size 83 

rescaling of stimuli in the corridor illusion remains debated despite preliminary research 84 

(Livingstone & Hubel, 1988; Livingstone & Hubel, 1987). Studies examining the strength of 85 

the corridor illusion by varying the luminance and colour of the image display in two colours 86 

demonstrate how the illusion diminishes in strength when the latter but not the former 87 

changes (Livingstone & Hubel, 1988; Livingstone & Hubel, 1987). Isoluminant stimuli are 88 

thought to be processed by the parvocellular pathway only, given the magnocellular pathway 89 

does not process colour contrast when there is no luminance contrast. For this reason, 90 

Livingstone and Hubel (1988) suggested that there was no corridor illusion when the image 91 

display was isoluminant because the magnocellular, but not the parvocellular, pathway plays 92 

a role in depth extraction from linear perspective cues and texture gradients in the corridor 93 

background. These findings do not support Gregory s theory (1963, 1968, 1998, 2006), 94 

which explains the illusion with relatively high-level perceptual rescaling mechanisms. 95 

Contrary to the results obtained by Livingstone and Hubel (1987, 1988), some authors have 96 

demonstrated that the Ponzo illusion does not change when the isoluminance of the illusion 97 
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changes (Cretenoud et al., 2019; Gregory, 1977, 2009; Hamburger, Hansen, & Gegenfurtner, 98 

2007). 99 

An alternative approach to examine the role of the magnocellular and parvocellular 100 

pathways in the perceptual rescaling of size in the context of the corridor illusion would be to 101 

manipulate spatial frequencies, as low and high spatial frequency information are known to 102 

be processed selectively by the magnocellular and parvocellular pathways, respectively. The 103 

present investigation examined how different spatial frequencies affect perceptual size 104 

rescaling in the corridor illusion. By means of filters, we systematically removed spatial 105 

frequencies from the background image containing linear perspective cues and texture 106 

gradients (Figure 1). High-pass filtering made it easier for people to see the edges and 107 

boundaries of the texture gradients on the image (as shown in Figure 2A) while low-pass 108 

filtering made it easier for people to see the linear perspective cues (as shown in Figure 2C). 109 

In addition, we used band-pass filtering to create a background with medium spatial 110 

frequencies in which both coarse information and fine details were visible to a certain degree 111 

(as shown in Figure 2B).112 

Recently, we have examined the relative contribution of linear perspective cues and 113 

texture gradients to the corridor illusion, using the background image which includes all 114 

spatial frequencies (Figure 1) (Yildiz, Sperandio, Kettle, & Chouinard, 2019). Using the 115 

method of constant stimuli, we asked participants to judge whether the comparison stimulus 116 

was smaller or larger than the standard stimulus. Importantly, the comparison stimulus was 117 

placed either inside ( direct comparison , Experiment 1, Figure 3A, B) or outside ( indirect 118 

comparison Experiment 2, Figure 3C, D) of the illusory display. The latter was introduced to 119 

minimise size-contrast effects. We demonstrated differences in the influence of linear 120 

perspective cues and texture gradients on the corridor illusion between the direct and indirect 121 

comparison tasks (Yildiz et al., 2019). Namely, we found that both linear perspective cues 122 
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and texture gradients equally contributed to the illusion in the direct comparison task, 123 

suggesting that the conceptual understanding of depth rather than low-level processing of 124 

these cues along separate channels drove the illusion. In contrast, the effects of pictorial depth 125 

cues on the bottom stimulus disappeared in the indirect comparison task. We explained this 126 

finding with additional eye-tracking demonstrating differences in eye positioning between 127 

tasks and changes in the corridor illusion depending on participants gaze locations. 128 

In the present investigation, we repeated these two experiments by using backgrounds 129 

with high, medium, and low spatial frequencies, rather than the backgrounds with linear 130 

perspective cues and texture gradients. Investigating the effects of different spatial 131 

frequencies on perceptual size rescaling in the corridor illusion allowed us to detect whether 132 

it is the low-level processing of spatial frequencies or the conceptual understanding of depth 133 

that drives the illusion. We reason that if the magnocellular but not the parvocellular pathway 134 

plays a role in driving the corridor illusion, then, despite the availability of obvious pictorial 135 

depth cues, low but not high spatial frequencies would produce an illusion. If this were the 136 

case, then we can infer that it is the low-level processing of spatial frequencies along separate 137 

pathways that drives the illusion. Conversely, if both the magnocellular and parvocellular 138 

pathways play a role in driving the corridor illusion, then the illusion would vary in strength 139 

as a function of available spatial frequency information and stimuli location in the visual 140 

scene. Namely, the high, medium, and low spatial frequencies would perceptually rescale the 141 

top and bottom stimuli in the direct comparison task, while their effects on the bottom 142 

stimulus would disappear in the indirect comparison task. If this were the case, then we can 143 

infer that it is the conceptual understanding of depth, rather than the low-level processing of 144 

spatial frequencies along separate pathways, that drives the illusion. 145 

In addition, we recorded eye positioning with an eye-tracker to evaluate how the 146 

direct and indirect comparison tasks may alter scanning patterns and whether these changes 147 
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might differ between images composed of different spatial frequencies. We predicted that 148 

participants would spend more time looking at the upper compared to the lower section of the 149 

corridor illusion, given that depth cues draw our attention more towards the former in the real 150 

world. Based on our previous study, we hypothesised that this difference would be 151 

particularly evident in the indirect comparison task.152 

2. Materials and Methods153 

2.1. Participants 154 

There were 16 participants in experiment 1 (MAge = 20.81 years, SD = 2.69, 7 males) 155 

and 16 participants in experiment 2 (MAge = 23.44 years, SD = 9.52, 6 males). All participants 156 

had normal or corrected-to-normal vision. We measured each participant s visual acuity, 157 

stereo-acuity, and colour vision using the Snellen Chart (Snellen, 1862), Randot Contour 158 

Circles Test (Antona, Barrio, Sanchez, Gonzalez, & Gonzalez, 2015), and Ishihara s Test for 159 

Colour Deficiency (Ishihara, 1917), respectively. Visual acuity was at least 20/25 in each eye. 160 

Stereo acuity ranged between 20 and 70 s of arc (M Stereo Acuity = 40 s of arc). None of the 161 

participants was colour blind. All participants provided written informed consent before 162 

testing. The participants were compensated with gift cards for their time and any 163 

inconveniences. The study was approved by the Human Ethics Committee of La Trobe 164 

University.165 

2.2. Apparatus and Stimuli166 

We carried out the experiments on a Dell T1700 using MATLAB (MathWorks, 167 

Natick, MA, USA) and Psychophysics Toolbox, Version 3 (Brainard, 2011; Pelli, 1997).168 

Stimuli were presented on a 24" ASUS VG248QE monitor (Taipei, Taiwan) running at 120 169 

Hz with a display resolution of 1920 x 1080. Participants were seated 76 centimetres away 170 

from the monitor. A chin and forehead rest was used to stabilise participants heads. A 171 



SPATIAL FREQUENCIES AND PERCEPTUAL SIZE RESCALING 9
 

Cedrus RB-840 response pad (Cedrus Corporation, San Pedro, California, USA) was used to 172 

record button responses. Eye positioning was recorded for a subset of participants using a 173 

portable Tobii TX 300 eye-tracker (Tobii AB, Stockholm, Sweden). The eye-tracker was set 174 

to a sampling rate of 300 Hz, placed 60 centimetres away from the chin and forehead rest, 175 

and calibrated using a 9-point calibration procedure. Eye-tracking was performed in only 176 

eight participants in each experiment due to limited access to this system. 177 

Five different background images were used to determine the effects of spatial 178 

frequencies on perceptual size rescaling: (1) all spatial frequencies (Figure 1), (2) high spatial 179 

frequencies (>6 cycles/deg) (Figure 2A), (3) medium spatial frequencies (band-pass between 180 

2 cycles/deg and 6 cycles/deg) (Figure 2B), (4) low spatial frequencies (<2 cycles/deg) 181 

(Figure 2C), and (5) no cues (Figure 2D). The high and low spatial frequencies were 182 

separated by 1.6 octaves to abolish mutual facilitation or suppression among spatial 183 

frequency pathways (Devalois, 1977). To render the background image with all spatial 184 

frequencies, we created a 3D scene of a hallway and walls in a virtual environment using 185 

Autodesk 3ds Max (Autodesk, Inc., San Rafael, CA, USA) (Figure 1). The floor of the 186 

hallway had a length of 1,800 cm and a width of 2,540 cm. A back wall with a height of 290 187 

cm was placed at the end of the hallway. The left and right side walls were 150 cm away 188 

from each other. The left and right walls had the same length (1,800 cm) but had different 189 

heights to make the corridor look like it was receding into the distance rather than popping190 

out towards the participant. The height of the left and right side walls were 195 cm and 130 191 

cm, respectively. The side walls simulated linear perspective cues receding in the distance 192 

from the participant s vantage point. All walls were textured with a high-resolution, seamless 193 

rock wall image. The bump and specular maps of the rock wall were created in Adobe 194 

Photoshop (Adobe Systems Incorporated, San Jose, CA, USA) and assigned to each textured 195 

wall in Autodesk 3ds Max to increase depth information. The textured 3D scene of a hallway 196 
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and walls were used as the background image with all spatial frequencies. The background 197 

image with all spatial frequencies was derived from taking the picture of the virtual 198 

environment. To take the picture, a virtual camera was placed 1,800 cm away from the back 199 

wall in Autodesk 3ds Max. Global lighting (6,500 K) simulated daylight. The virtual camera 200 

was set to a full frame of 35 mm with a focal length of 29 mm and an aperture of f/8. The 201 

height of the virtual camera (35 cm) was approximately the same as the height of the 202 

participant s eyes from the testing table (32 cm). The rendered background image was 203 

cropped in Adobe Photoshop. 204 

Three background images were created by systematically removing spatial 205 

frequencies from the original background image with all spatial frequencies to create images 206 

with either high, medium, or low spatial frequencies. An image that covered only high spatial 207 

frequencies was obtained by removing spatial frequencies below 6 cycles/deg from the 208 

original background image with all spatial frequencies (Figure 2A). A high-pass filter was 209 

used to keep all frequency information above this cut-off. Only fine details in the image 210 

remained after the filtering was applied, which conceivably made it easier to detect the edges 211 

and boundaries of the texture gradients on the image. An image that covered only medium 212 

spatial frequencies was obtained by removing spatial frequencies below 2 cycles/deg and 213 

above 6 cycles/deg from the original background image with all spatial frequencies (Figure 214 

2B). A band-pass filter was used to define these cut-off points. In the obtained image, both 215 

coarse information and fine details were visible up to a certain degree. An image that covered216 

only low spatial frequencies was obtained by removing spatial frequencies above 2 217 

cycles/deg from the original background image with all spatial frequencies (Figure 2C). A 218 

low-pass filter was used to keep all frequency information below this cut-off. Only coarse 219 

information in the image remained after the filtering was applied. The edges and boundaries 220 

of the texture gradients were hardly visible.221 
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Finally, a control background image was also created in Autodesk 3ds Max by 222 

removing both the linear perspective cues and texture gradients from the original image 223 

background (Figure 2D). The average colour of each textured wall was measured in Adobe 224 

Photoshop and assigned to the non-textured wall of the control background image. The 225 

control background was also derived from taking the picture of the virtual environment. The 226 

settings of the virtual camera were similar to the settings that were used to take the picture of 227 

the original image background. The rendered background image was cropped in Adobe 228 

Photoshop.229 

The perceived size of two 2-dimensional (2D) red (RGB: 200, 0, 0) rings was 230 

measured using the method of constant stimuli (Lu & Dosher, 2014). Each ring was presented 231 

with a thickness of 0.16 degrees of visual angles. One of the rings was designated as the 232 

standard and the other as the comparison stimulus. The size of the standard ring was always 233 

2.1 degrees in diameter on all trials. The size of the comparison ring varied around 2.1 234 

degrees, ranging in diameter from 1.64 degrees to 2.54 degrees in 10 increments of 0.1 235 

degrees. In experiment 1, both the standard and comparison stimuli were presented over the 236 

i.e., Figures 3A and 3B). The vertical distance 237 

between the rings was 5.24 degrees. The horizontal distance between the rings was 3.26 238 

degrees. In experiment 2, the background image subtended the same visual angle but was 239 

i.e., Figures 3C and 3D). The comparison 240 

ring was presented outside of the background image within the grey area on the right hand 241 

side. The vertical distance between the rings was 2.62 degrees. The horizontal distance 242 

between the bottom standard ring and the comparison ring was 10.74 degrees. The horizontal 243 

distance between the top standard ring and the comparison ring was 7.52 degrees.244 

2.3. Procedure245 
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All participants completed 10 experimental blocks. Each block corresponded to a 246 

different experimental condition. The standard ring was presented on the top portion of the 247 

background image in half of the blocks (i.e., Figures 3A and 3C), while it was presented on 248 

the bottom portion of the background image in the other half of the blocks (i.e., Figures 3B249 

and 3D). Each of the five background images was presented twice, once with the standard 250 

ring on top and once with the standard ring at the bottom. Half of the participants completed 251 

the blocks with the top standard ring before performing the blocks with the bottom standard 252 

ring, while the other half of the participants did the reverse. The order of presentation of the 253 

background images was randomised for each participant. There were 100 trials in each block 254 

255 

increments). The order of trials within each block was randomised.256 

The participants task was to judge whether the comparison ring was larger or smaller 257 

than the standard one. Eye movements were collected under free gaze conditions. Figure 3 258 

illustrates sample trial sequences from experiments 1 (Figures 3A and 3B) and 2 (Figures 3C259 

and 3D). At the beginning of each trial, only the standard ring was presented over the 260 

background image. After 1 second, an auditory alerting cue was accompanied by a 261 

comparison ring. Both the standard and comparison rings were displayed until participants 262 

pressed a button to report whether the comparison ring was larger or smaller than the 263 

standard one. The comparison ring disappeared after button pressing. The standard ring was 264 

always displayed on the background image. A break was provided at the end of each block. 265 

2.4. Statistical Analyses266 

Psychometric curves were created for each condition in each participant. To create the 267 

psychometric curves, we counted the number of times the participant reported the comparison 268 

stimulus as appearing larger than the standard stimulus at each increment. Then we calculated 269 
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the probability (P) of the participant reporting the comparison stimulus as appearing larger 270 

than the standard stimulus at each increment (0.1 degrees) using the following logistic 271 

function where b0 and b1 are coefficient estimates based on a general linear model fit:272 

273 

274 

From this function, we calculated the PSE as P = 0.5, representing how large the comparison 275 

stimulus needed to be for the participant to judge this stimulus as having the same apparent 276 

size as the standard stimulus. The resulting curves of the model fit well across the conditions 277 

for each participant in experiments 1 (r ranged between .735 - .985) and 2 (r ranged between278 

.759 - .986) (see Supplementary Materials). The resulting PSE values were used in the 279 

following statistical analyses.280 

A one-sample t-test was conducted to determine if the standard ring in a given 281 

condition was perceived differently than its physical size (100 pixels). There were 10 282 

comparisons per experiment and the Bonferroni method was used to correct for multiple 283 

contrasts. Namely, the observed p value (puncorr) was multiplied by the number of 284 

comparisons made (i.e., pcorr = puncorr p values (pcorr). To examine 285 

the effects of spatial frequency on the perceived size of the top and bottom rings, we 286 

287 

bottom standard ring) and Background ((1) all spatial frequencies, (2) high spatial 288 

frequencies, (3) medium spatial frequencies, (4) low spatial frequencies, or (5) no cues) as 289 

within-subject factors. 290 

We defined two areas of interest (AOIs) to examine the eye-tracking data. Each AOI 291 

degrees square region centred on the standard and comparison rings. Tobii 292 

Studio software (Tobii Technology, Inc) was used to define the AOIs. During data collection, 293 
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the eye-tracking system assigned a binary number to each frame lasting 3.3 ms to tabulate 294 

whether eye gaze was directed in a given AOI (1) or not (0). The percentage of frames with 295 

fixation was then computed for each AOI in each condition ((the number of frames with 296 

297 

((1) standard, (2) comparison), Visual Field ((1) top standard ring block, (2) bottom standard 298 

ring block), and Background ((1) all spatial frequencies, (2) high spatial frequencies, (3) 299 

medium spatial frequencies, (4) low spatial frequencies, or (5) no cues) as within-subject 300 

factors was conducted to analyse the percentages of frames with fixation. 301 

We performed post-hoc pairwise comparisons to further examine interactions and 302 

effects found significant by the ANOVA. The Tukey s Honest Significance Difference 303 

(HSD) method was used to correct for multiple comparisons. Statistical analyses were carried 304 

out using the JASP software package version 0.11.1.0 (University of Amsterdam, 305 

Amsterdam, Netherlands). Unless specified otherwise, all reported p values were corrected 306 

for multiple comparisons. Greenhouse-Geisser corrections were applied when the assumption 307 

of sphericity was not met according to a Mauchly s sphericity test.308 

3. Results309 

3.1. Experiment 1: The corridor illusion with direct comparison310 

3.1.1. Summary311 

The perceived size of the top and bottom standard rings changed as a function of the 312 

availability of the high, medium, and low spatial frequency information. There were no 313 

differences among the high, medium, and low spatial frequencies backgrounds for both the 314 

top and bottom rings. Eye-tracking revealed that the participants fixated on the top 315 

comparison ring more often than the bottom standard ring when they were asked to 316 

perceptually judge the size of the latter.317 
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318 

3.1.2. Effects of spatial frequencies on the magnitude of the illusion319 

Figure 4A shows the mean PSEs for each background for the top and bottom standard 320 

ring blocks. Table 1 provides results for the one sample t-tests conducted to test if the 321 

standard ring in each condition was perceived differently than its physical size.322 

ANOVA revealed main effects of Visual Field (F (1, 15) = 41.94, p < .001, =323 

0.737) and Background (F (2, 31) = 3.72, p = .035, Greenhouse-Geisser corrected, =324 

0.199). Importantly, an interaction was observed between Visual Field and Background (F (2,325 

35) = 26.12, p < .001, Greenhouse-Geisser corrected, = 0.635) (Figure 4A). To understand 326 

this interaction within the context of this study s objectives, the PSEs were compared to each 327 

other for the top and bottom rings for each of the different backgrounds.328 

Tukey s HSD pairwise comparison tests showed that the size of the top ring was 329 

consistently overestimated (all p330 

underestimated (all p331 

frequencies as compared to the control background (Figure 4A). There were no differences 332 

among the high, medium, and low spatial frequencies backgrounds for both the top (all p333 

.762) and bottom (all p .999) rings (Figure 4A). Thus, the presence of high, medium, and 334 

low spatial frequencies affected the perceived size of the top and bottom rings. The all spatial 335 

frequencies background produced a stronger illusion than the high, medium, and low spatial 336 

frequencies backgrounds for the top (all p .010) but not the bottom (all p337 

(Figure 4A). 338 

We repeated the above ANOVA on the absolute shifts in PSEs (|100 PSE|) to 339 

examine whether the above interaction in PSEs was driven more strongly by the top or 340 

bottom ring. The ANOVA revealed a main effect of Background (F (2, 33) = 15.34, p < .001, 341 
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Greenhouse-Geisser corrected, = 0.506). Likewise, the interaction remained significant (F342 

(4, 60) = 6.35, p < .001, = 0.297). However, the main effect of Visual Field was no longer 343 

significant (F (1, 15) = 3.94, p = .066, = 0.208). Thus, high, medium, and low spatial 344 

frequencies perceptually rescaled the top and bottom stimuli in the direct comparison task.  345 

 346 

3.1.3. Eye-tracking 347 

Figure 5A shows the percentage of frames with fixation for each AOI for the top and 348 

bottom standard ring blocks. The interaction between AOI and Visual Field (F (1, 7) = 10.93, 349 

p = .013, = 0.610) revealed that the effect of AOI changed as a function of where the 350 

standard ring was placed in the visual field (Figure 5A). All other interactions did not reach 351 

significance (all p F (1, 7) = 10, p = .016, =352 

0.588) and Visual Field (F (1, 7) = 13.76, p = .008, = 0.663). The main effect of 353 

Background (F (4, 28) = 1.87, p = .144, = 0.210) did not reach significance. Tukey s HSD 354 

pairwise comparison tests showed that participants directed their gaze to the top comparison 355 

ring more often than the bottom standard ring (p = .008) (Figure 5A). There were no356 

differences between the percentage of frames with fixation for the top standard and bottom 357 

comparison rings (p = .948) (Figure 5A). Thus, participants fixated on the top comparison 358 

ring more often than the bottom standard ring when they were asked to perceptually judge the 359 

size of the latter.360 

361 

3.1.4. Additional analyses  362 

Not all participants had eye-tracking. To verify that the participants with eye-tracking 363 

were representative of those who did not, we performed a series of independent samples t-364 

tests on the PSE values for each condition (Table 2). Bonferroni corrections were applied to 365 
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these tests to account for 10 comparisons. Results revealed that there were no differences 366 

between the participants who had eye-tracking and those who did not (all p367 

368 

3.2. Experiment 2: The corridor illusion with indirect comparison369 

3.2.1. Summary370 

The perceived size of the top but not the bottom standard ring changed as a function 371 

of the availability of the medium spatial frequency information. There were no differences 372 

among the high, medium, and low spatial frequencies backgrounds for the top ring. Eye-373 

tracking revealed that participants fixated on the comparison ring more often than the bottom 374 

standard ring when they were asked to perceptually judge the size of the latter. Moreover, 375 

results showed that the spatial frequency range of the background image affected 376 

participants eye positioning. Participants spent more time fixating on the comparison ring 377 

over the background with low spatial frequencies compared to the backgrounds with medium 378 

and high spatial frequencies.379 

380 

3.2.2. Effects of spatial frequencies on the magnitude of the illusion381 

Figure 4B shows the mean PSEs for each background for the top and bottom standard 382 

ring blocks. Table 3 provides results for the one sample t-tests conducted to test if the 383 

standard ring in each condition was perceived differently than its physical size.384 

ANOVA revealed main effects of Visual Field (F (1, 15) = 18.86, p < .001, =385 

0.557) and Background (F (2, 28) = 12.31, p < .001, = 0.451). Importantly, an interaction 386 

was observed between Visual Field and Background (F (2, 34) = 10.67, p < .001, 387 

Greenhouse-Geisser corrected, = 0.416) (Figure 4B). To understand this interaction within 388 
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the context of this study s objectives, the PSEs were compared to each other for each 389 

background for the top and bottom standard ring blocks.390 

Tukey s HSD pairwise comparison tests showed that the size of the top ring was 391 

consistently overestimated on the backgrounds with all spatial frequencies and medium 392 

spatial frequencies (both p393 

the bottom ring was never underestimated (all p 927) (Figure 4B). There were no 394 

differences among the high, medium, and low spatial frequency backgrounds for both the top 395 

(all p .953) and bottom (all p .417) rings (Figure 4B). The background with all spatial 396 

frequencies produced a stronger illusion than the backgrounds with the high, medium, and 397 

low spatial frequencies for the top (all p .001) but not the bottom (all p .976) ring (Figure 398 

4B). Thus, the presence of spatial frequencies affected the perceived size of the top ring.399 

We repeated the above ANOVA on the absolute shifts in PSEs (|100 PSE|) to 400 

examine whether the above interaction in PSEs was driven more strongly by the top or 401 

bottom ring. The ANOVA revealed main effects of Visual Field (F (1, 15) = 9.40, p = .008,402 

= 0.385) and Background (F (2, 37) = 6.50, p = .002, Greenhouse-Geisser corrected, =403 

0.302). Likewise, the interaction between these two factors remained significant (F (2, 34) = 404 

5.38, p = .007, Greenhouse-Geisser corrected, = 0.264). The presence of this interaction 405 

confirms that the top ring had a stronger influence than the bottom one. 406 

407 

3.2.3. Eye-tracking  408 

Figure 5B shows the percentage of frames with fixation for each AOI for the top and 409 

bottom standard ring blocks. The interaction between AOI and Visual Field (F (1, 7) = 21.39, 410 

p = .002, = 0.753) revealed that the effect of AOI changed as a function of where the 411 

standard ring was placed in the visual field. Tukey s HSD pairwise comparison tests showed 412 

that the difference between the percentage of frames with fixation for the top and bottom 413 
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standard rings was significant (p = .025) (Figure 5B). In the top standard ring blocks (Figure 414 

3C), there were no differences between the percentage of frames with fixation for the 415 

standard and comparison rings (p = .335) (Figure 5B). In the bottom standard ring blocks 416 

(Figure 3D), participants gazed on the comparison ring more often than the standard ring (p =417 

.003) (Figure 5B).418 

The interaction between AOI and Background was also significant (F (2, 15) = 7.71, p419 

= .005, Greenhouse-Geisser corrected, = 0.524). Tukey s HSD pairwise comparison tests 420 

revealed that participants spent more time fixating on the comparison compared to the 421 

standard ring (all p422 

for the comparison ring. Namely, participants spent more time fixating on the comparison 423 

ring over the background with low spatial frequencies compared to the backgrounds with 424 

medium (p = .011) and high (p = .030) spatial frequencies. All other interactions did not 425 

reach significance (all p F (1, 7) = 7.65, p = .028,426 

= 0.522) and Background (F (2, 15) = 5.16, p = .018, Greenhouse-Geisser corrected, =427 

0.424) but not Visual Field (F (1, 7) = 0.92, p = .369, = 0.116).  428 

 429 

3.2.4. Additional analyses430 

As in experiment 1, we performed independent samples t-tests on the PSE values 431 

obtained in each condition to verify that participants who had eye-tracking were 432 

representative of those who did not have eye-tracking. Multiple comparisons were corrected 433 

using the Bonferroni method. The tests revealed that there were no differences between the 434 

two groups (all p > .999) (Table 4).435 

436 

4. Discussion437 

 438 
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The aim of the present study was to investigate the effects of different spatial 439 

frequencies on the perceptual size rescaling of stimuli in the corridor illusion. We performed 440 

two experiments using the method of constant stimuli. In each experiment, the participants441 

task was to judge whether the comparison ring was larger or smaller than the standard one. 442 

We measured perceptual effects under direct and indirect comparison conditions in separate 443 

experiments. In experiment 1, we used a direct comparison task by presenting both the 444 

standard and comparison stimuli over the same background image. The task required 445 

participants to compare the perceived size of the top and bottom stimuli (Figure 3A, B). In 446 

experiment 2, we used an indirect comparison task by presenting the comparison stimulus 447 

outside of the background image. The task required participants to compare the perceived 448 

size of the stimulus presented over the background with a stimulus presented outside of it 449 

(Figure 3C, D). We obtained the following results. First, high, medium as well as low spatial 450 

frequency information drove perceptual rescaling in experiment 1. Second, the backgrounds 451 

with all and medium spatial frequencies perceptually rescaled the top stimulus while the 452 

effect of spatial frequencies on the perceived size of the bottom ring disappeared in 453 

experiment 2. Third, the spatial frequency range of the background image affected 454 

participants eye positioning in experiment 2. Overall, our results demonstrate that the 455 

allocation of attention to different parts of the visual scene can modulate the illusion 456 

differently at different spatial frequencies. Despite this modulatory effect, the influence of 457 

processing depth at any spatial frequency on the illusion suggests to us that the conceptual 458 

understanding of depth might play a more important role than the low-level processing of 459 

spatial frequencies along separate channels.460 

Studies examining the effects of high and low spatial frequency information on 461 

illusory perception have shown that differences in spatial frequency processing mechanisms 462 

may play a role in the Ebbinghaus (Chen, Qiao, & Jiang, 2018; Wang, Hu, Wu, Chen, & Luo, 463 
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2020; Wang, Zhu, Chen, & Luo, 2019) Casco, 1990) and tilt (Georgeson, 464 

1973) illusions. Some have explained their findings with high-level perceptual mechanisms 465 

(Chen et al., 2018; Wang et al., 2020) while others have argued that illusions occur as a 466 

consequence of low-level interactions (Georgeson, 1973; Ginsburg, 1984; Morgan & Casco, 467 

1990). For example, Chen et al. (2018) tested whether or not low spatial frequencies 468 

contributed more to the Ebbinghaus illusion than other frequencies. Their results showed that 469 

the strength of the illusion was larger when participants were sensitised to processing low 470 

spatial frequency information. The authors concluded that context-dependent visual size 471 

information was likely processed through fast magnocellular projections that convey low 472 

spatial frequency information. 473 

In contrast, the present study showed that the perceived size of the stimulus inside the 474 

corridor illusion changed depending on the availability of not only the low but also the high475 

and medium spatial frequencies in the direct comparison task. The discrepancies may relate 476 

to differences in the mechanisms underlying different visual illusions (Chouinard, Unwin, 477 

Landry, & Sperandio, 2016; Cretenoud, Grzeczkowski, Bertamini, & Herzog, 2020; 478 

Cretenoud et al., 2019; Grzeczkowski, Clarke, Francis, Mast, & Herzog, 2017; Song, 479 

Schwarzkopf, & Rees, 2011). For instance, Chouinard et al. (2016) used a principal480 

component analysis to determine the categories of thirteen different optical illusions,481 

including the Ponzo and Ebbinghaus illusions as examples. Their findings showed that there 482 

were five different factors explaining variance in susceptibility to the optical illusions and 483 

that the Ponzo and Ebbinghaus illusions loaded heavily onto different factors. Therefore, the 484 

effects of spatial frequency may differ between illusions. Hence, our interpretations should be 485 

confined to the corridor illusion, which is the illusion we examined in this study.486 

Psychophysical, electrophysiological, and neuroimaging studies on the temporal 487 

development of the i -Lyer illusions, have been 488 
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considered critical to understanding the role of the magnocellular, which is faster, and 489 

parvocellular, which is slower, pathways in driving the perceptual experience (Medendorp, de 490 

Brouwer, & Smeets, 2018; Plewan, Weidner, & Fink, 2012; Schmidt & Haberkamp, 2016; 491 

van Zoest & Hunt, 2011). Psychophysical studies investigating the temporal development of 492 

the Ponzo illusion provided inconsistent results. Some have shown that the magnitude of the 493 

Ponzo illusion reached its maximum within only 40 ms (Luccio, 1969) while others have 494 

shown that the magnitude of the illusion increased with longer stimulus presentation and 495 

response times (Plewan et al., 2012; Schmidt & Haberkamp, 2016). For instance, Schmidt 496 

and Haberkamp (2016) tested the time course of priming effects induced by the Ponzo 497 

illusion using a short prime duration (12 ms). The authors demonstrated that the Ponzo 498 

illusion induced priming effects in the participants response times only if additional time, 499 

measured as slower reaction time or longer stimulus-onset-asynchrony, was given. In line 500 

with this, ERP (event-related potential) studies have shown that the perceptual rescaling of 501 

size evoked by the corridor illusion (Liu et al., 2009) as well as real viewing distance (Chen, 502 

Sperandio, Henry, and Goodale, 2019) takes place at later stages of visual processing.503 

Interestingly, Schmidt and Haberkamp (2016) have argued that the strength of the 504 

Ponzo illusion increases over time because the high spatial frequency information conveyed 505 

by the slower parvocellular pathway has the necessary resolution to fully process the Ponzo 506 

illusion. Contrary to their argument, our results reveal that the presence of high spatial 507 

frequencies is sufficient, but not necessary, for the perceptual rescaling of stimuli inside the 508 

corridor illusion. We speculate that additional time is needed for the conceptual 509 

understanding of depth rather than the low-level processing of depth information extracted510 

from different spatial frequencies along separate pathways.511 

Studies examining the effects of different spatial frequency information in 512 

superimposed gratings show that the gratings with high spatial frequency information are 513 
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perceived closer in depth than the gratings with low spatial frequency information (Brown & 514 

Weisstein, 1988; Moreno-Bote, Shpiro, Rinzel, & Rubin, 2008). Based on these studies, one 515 

may assume that the strength of the illusion would change as a function of the presence of the 516 

low and high spatial frequency information in the upper (far) and lower (near) visual field. 517 

Namely, the strength of the illusion would be larger in the upper compared to the lower visual 518 

field when the standard ring was presented over the background with low spatial frequencies. 519 

Similarly, the strength of the illusion would be larger in the lower compared to the upper 520 

visual field when the standard ring was presented over the background with high spatial 521 

frequencies. In contrast, our results demonstrate that there were no differences between the 522 

backgrounds with high and low spatial frequencies for the perceived size of the top and 523 

bottom rings in experiments 1 and 2. These findings are in line with an earlier report 524 

demonstrating that depth discrimination thresholds do not change as a function of low and 525 

high spatial frequencies (Siderov & Harwerth, 1993).526 

Accumulating evidence suggests that attention (Ozgen, Sowden, Schyns, & Daoutis, 527 

2005), retinotopic sensitisation (Ozgen, Payne, Sowden, & Schyns, 2006), repeated exposure 528 

(Oliva & Schyns, 1997), and the type of categorisation that is performed (Rotshtein, 529 

Schofield, Funes, & Humphreys, 2010; Schyns & Oliva, 1999) may affect what spatial 530 

frequencies are prioritised by the brain such that low spatial frequency may play less of a role 531 

in guiding how visual information is processed in certain contexts. For example, Brady and 532 

Oliva (2012) showed that high spatial frequencies play an important role in the perceptual 533 

judgments of objects receding in distance and / or shrinking in size. Namely, the authors 534 

asked participants to report the degree of similarity between the components of hybrid images 535 

that appeared as moving towards or away from them. Their results showed that the 536 

participants responded as if they were seeing high spatial frequencies that were normally 537 

imperceptible at certain distances and retinal sizes. In line with their findings, our results 538 
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suggest that the visual system optimally integrates information from different spatial 539 

frequency pathways while is also rescales the size of the objects with perceived depth. 540 

Our results also demonstrate that the effects of high and low spatial frequency 541 

information on the perceived size of the top ring depended on where the comparison stimulus 542 

was placed in the visual scene. Namely, our results revealed that both high and low spatial 543 

frequencies perceptually rescaled the size of the top stimulus relative to its physical size in 544 

experiment 1 in which a direct comparison was used but not in experiment 2 in which an 545 

indirect comparison was used. The effect of medium spatial frequencies on the perceived size 546 

of the top ring was weaker but still significant in the indirect comparison task. As the 547 

perceived size differences in experiment 1 can be explained partly by relative size contrast 548 

effects, we speculate that the relative size contrast in the direct comparison task facilitated 549 

perceptual size rescaling with high, medium, and low spatial frequencies.550 

To test whether the effects of spatial frequencies can also change depending on the551 

participants gaze locations, we calculated the percentage of frames with fixation in each AOI 552 

for the standard and comparison stimuli. Only eight participants eye positioning for each 553 

experiment could be monitored due to the availability of the eye-tracker. Independent 554 

samples t-tests showed that the eye-tracking data was representative of all participants (Table 555 

2, 4). The eye-tracking data provided additional information about how the effects of spatial 556 

frequency scales fluctuate across experiments. It showed that the spatial frequency range of 557 

the background image affected participants eye positioning in experiment 2 but not in 558 

experiment 1. In experiment 2, the participants spent more time fixating on the comparison 559 

stimulus when the standard stimulus was presented over the background with low spatial 560 

frequencies. Because sensitivity to low spatial frequency information is the same in the fovea 561 

as it is in the periphery (Pointer & Hess, 1989), eye positioning could be less critical for 562 

extracting information from these frequencies. We posit that the degree to which low spatial 563 
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frequency information influences perceptual size rescaling is affected by eye positioning. The 564 

standard stimulus, which was presented over the background with low spatial frequencies, 565 

was not perceived differently than its physical size, perhaps because the participants did not 566 

gaze toward the background in the indirect comparison task. The present finding is in line 567 

with earlier reports demonstrating how the strength of the corridor (Fang, Boyaci, Kersten, & 568 

Murray, 2008), vertical-horizontal (Chouinard, Peel, & Landry, 2017), and Shepard 569 

(Chouinard, Royals, Landry, & Sperandio, 2018) illusions changes with where participants 570 

gaze.571 

Our results also demonstrate that participants gazed more towards the comparison 572 

stimulus compared to the bottom standard stimulus when they had to judge their size. In line 573 

with this finding, the strength of the illusion was smaller in the lower compared to the upper 574 

visual field. This is particularly evident in experiment 2, where we found no illusion for the 575 

bottom standard stimulus in the indirect comparison task. We obtained similar results in our 576 

previous investigation (Yildiz et al., 2019). The decline in the strength of the illusion for the 577 

bottom ring in the indirect comparison task could perhaps be explained by our tendency to 578 

draw more attention to the upper than the lower visual field in the real world. Consider 579 

driving a car or walking down a corridor. Successful navigation requires us to focus our 580 

attention on the road as opposed to the steering wheel in the case of the former and the end of 581 

the corridor as opposed to our feet in the case of the latter. This same line of reasoning has582 

been used before to explain the effect of orientation on the magnitude of the Ponzo illusion 583 

(Brislin, 1974; Poom, 2019). Namely, the illusion is stronger in its traditional upright 584 

orientation compared to when it is rotated 180 degrees.585 

In line with our findings, Cretenoud et al. (2020) showed that the bottom stimulus was 586 

not underestimated when an indirect comparison task was used to measure the strength of the 587 

Ponzo illusion. Previously, Girgus and Coren (1982) noted that both the stimuli and the 588 
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context could be registered on the fovea at the same time in the upper but not in the lower 589 

visual field, given the convergence of the lines. Thus, registering the bottom stimulus relative 590 

to the contextual lines necessitates more eye movements. We speculate that the perceived size 591 

of the bottom stimulus was not rescaled as strongly in the indirect comparison task because 592 

more eye movements had to be made outside of the visual scene so that participants could 593 

judge the size of the comparison stimulus relative to the standard one. In other words, there 594 

was less opportunity to register the bottom stimulus relative to the pictorial depth cues. 595 
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Appendix A. Supplementary Material600 

Supplementary Fig. S1. PSE curves for each participant for each background for the top and 601 

the bottom standard ring blocks in experiment 1. 602 

Proportion of responses where the participant perceived the comparison ring as larger than 603 

the standard one at each increment were plotted against the physical size of the comparison 604 

ring. Logistic functions were fitted to the data.605 

606 

Supplementary Fig. S2. PSE curves for each participant for each background for the top and 607 

the bottom standard ring blocks in experiment 2. 608 

Proportion of responses where the participant perceived the comparison ring as larger than 609 

the standard one at each increment were plotted against the physical size the comparison ring.610 

Logistic functions were fitted to the data.611 

612 
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Figure Captions613 

614 

Figure 1. Background image with all spatial frequencies. 615 

A corridor illusion display of a hallway with stones (textures) and walls (linear perspective 616 

cues) was used as the background with all spatial frequencies. For illustrative purposes, we 617 

placed two physically identical red rings in the figure to illustrate the illusion. 618 

619 

Figure 2. Background images with different spatial frequency scales and the control 620 

background. 621 

The corridor illusion display of a hallway with stones (textures) and walls (linear perspective 622 

cues) in Figure 1 was used as the background with all spatial frequencies. To manipulate 623 

spatial frequencies, the background with all spatial frequencies was transformed into spatial 624 

frequencies domain using Fourier analysis. The transformed background image with all 625 

spatial frequencies was multiplied with high-pass (> 6 cycles/deg), band-626 

-pass (< 2 cycles/deg) filters to create a corridor that covered only 627 

(A) high, (B) medium, or (C) low spatial frequencies, respectively. D. The control 628 

background without spatial frequency manipulation was created by removing textures and 629 

linear perspective cues from the background image with all spatial frequencies.630 

631 

Figure 3. Stimuli and procedures. 632 

Illustration of sample trial sequences from experiment 1 (A-B) and experiment 2 (C-D). For 633 

the top standard ring block, the top standard ring was shown for 1 sec and was followed by an 634 

auditory alerting cue accompanied by a comparison ring (A and C for experiments 1 and 2, 635 
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respectively). For the bottom standard ring block, the bottom standard ring was shown for 1 636 

sec and was followed by an auditory alerting cue accompanied by a comparison ring (B and 637 

D for experiments 1 and 2, respectively). The standard ring was always displayed on the 638 

background image. In experiment 1, the comparison stimulus was presented over the 639 

background image (A and B). In experiment 2, the comparison ring was presented outside of 640 

the background image within the grey area (C and D). The speaker symbols represent the 641 

presentation of the auditory alerting cue.642 

643 

Figure 4. PSEs in (A) experiment 1 and (B) experiment 2.644 

Asterisks (*) represent significant differences from the no cues condition at p < .050 after 645 

Tukey646 

significant differences compared to the all frequencies condition at p < .050 after Tukey s647 

HSD corrections were made for multiple comparisons. Diamonds ( ) represent significant 648 

differences from the physical size (100 pixels) of the standard ring at p < .050 after 649 

Bonferroni corrections were made for multiple comparisons. The dashed line represents the 650 

physical size of the standard ring. PSEs were computed from psychometric functions that best 651 

fit the data. Error bars represent the standard errors around the mean for within-subject 652 

contrasts. We used procedures described by O Brien and Cousineau (2014) to calculate the 653 

error bars.654 

655 

Figure 5. Percentage of frames with fixation in (A) experiment 1 and (B) experiment 2. 656 

The percentages of frames with fixation reflect the proportion of time participants gazed at an 657 

AOI across all trials. The asterisk (*) represents a significant difference at p < .05 after a 658 

Tukey s HSD correction was made for multiple comparisons. Error bars represent the 659 
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standard errors around the mean for within-subject contrasts. We used procedures described 660 

by O Brien and Cousineau (2014) to calculate the error bars.  661 
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Table 1822 

PSE values in experiment 1. A series of one-sample t-tests, which were corrected for multiple 823 

comparisons using the Bonferroni method (pcorr), on the PSE values for each condition was 824 

performed to determine if the standard ring in a given condition was perceived differently 825 

than its physical size (100 pixels). SF is used as an abbreviation for spatial frequency.826 

827 

 828 

  829 

Background All Participants 
M SD t (15) puncorr pcorr d

Top Ring

All SF 109.4 4.5 8.27 < .001 < .001 2.069
High SF 105.3 4.0 5.26 < .001 .001 1.315
Medium SF 106.0 4.1 5.87 < .001 < .001 1.467
Low SF 104.4 2.3 7.76 < .001 < .001 1.940
No Cues 101.4 3.1 1.78 .095 .947 0.446

Bottom Ring

All SF 96.2 5.3 2.83 .013 .126 0.708
High SF 97.2 4.1 2.70 .016 .164 0.676
Medium SF 97.3 4.8 2.29 .037 .370 0.572
Low SF 97.0 3.8 3.21 .006 .058 0.804
No Cues 100.9 3.6 0.97 .347 >.999 0.243
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Table 2830 

PSE values between participants with and without eye-tracking in experiment 1. A series of 831 

independent samples t-tests, which were corrected for multiple comparisons using the 832 

Bonferroni method (pcorr), on the PSE values for each condition was performed between the 833 

groups of participants with (With Eye-Tracker) and without (No Eye-Tracker) eye-tracking. 834 

SF is used as an abbreviation for spatial frequency. 835 

836 

Background With Eye- No Eye-
(n = 8) (n = 8)

M SD M SD t puncorr pcorr d
Top Ring All SF 111.5 4.4 107.3 3.9 2.0 0.065 0.655 0.999

High SF 107.7 3.8 102.8 2.5 3.04 0.009 0.088 1.521
Medium SF 108.4 4.1 103.5 2.1 3.08 0.008 0.082 1.540
Low SF 105.1 2.6 103.7 1.8 1.31 0.21 >.999 0.657
No Cues 102.5 3.6 100.2 2.2 1.55 0.144 >.999 0.774

Bottom 

Ring

All SF 97.5 7.1 95.0 2.6 0.94 0.361 >.999 0.472
High SF 97.3 5.5 97.1 2.4 0.07 0.948 >.999 0.033
Medium SF 98.5 5.6 96.0 3.8 1.05 0.310 >.999 0.527
Low SF 97.3 4.8 96.6 2.8 0.34 0.737 >.999 0.171
No Cues 101.4 4.8 100.4 1.9 0.57 0.58 >.999 0.283

837 
 838 
  839 
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Table 3840 

PSE values in experiment 2. A series of one-sample t-tests, which were corrected for multiple 841 

comparisons using the Bonferroni method (pcorr), on the PSE values for each condition was 842 

performed to determine if the standard ring in a given condition was perceived differently 843 

than its physical size (100 pixels). SF is used as an abbreviation for spatial frequency.844 

845 

846 
 847 

  848 

Background All Participants

M SD t (15) puncorr pcorr d

Top Ring

All SF 106.6 4.9 5.43 < .001 .001 1.356

High SF 102.4 3.5 2.79 .014 .137 0.697

Medium SF 103.0 2.9 4.20 .001 .008 1.050

Low SF 102.1 4.2 1.98 .066 .664 0.495

No Cues 100.5 3.6 0.59 .564 >.999 0.148

Bottom Ring

All SF 99.4 2.6 0.95 .355 >.999 0.239

High SF 100.0 2.4 0.07 .947 >.999 0.017

Medium SF 100.2 2.6 0.27 .788 >.999 0.069

Low SF 98.5 2.9 2.01 .063 .631 0.502

No Cues 99.5 3.0 0.62 .544 >.999 0.155
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Table 4849 

PSE values between participants with and without eye-tracking in experiment 2. A series of 850 

independent samples t-tests, which were corrected for multiple comparisons using the 851 

Bonferroni method (pcorr), on the PSE values for each condition was performed between the 852 

groups of participants with (With Eye-Tracker) and without (No Eye-Tracker) eye-tracking.853 

SF is used as an abbreviation for spatial frequency.854 

855 

Background With Eye- No Eye-
(n = 8) (n = 8)

M SD M SD t puncorr pcorr d
Top Ring All SF 108.4 5.4 104.9 3.8 1.49 0.158 >.999 0.746

High SF 102.6 2.4 102.2 4.5 0.22 0.830 >.999 0.109
Medium SF 103.0 3.3 103.0 2.6 0.04 0.969 >.999 0.020
Low SF 101.4 4.5 102.8 4.1 0.65 0.526 >.999 0.325
No Cues 101.2 3.8 99.9 3.6 0.69 0.503 >.999 0.344

Bottom 

Ring

All SF 99.2 2.5 99.6 2.9 0.28 0.783 >.999 0.140
High SF 100.8 1.9 99.3 2.8 1.22 0.243 >.999 0.610
Medium SF 99.9 2.3 100.5 3.0 0.44 0.669 >.999 0.218
Low SF 97.8 3.5 99.3 2.1 1.05 0.314 >.999 0.523
No Cues 99.6 2.9 99.5 3.3 0.04 0.972 >.999 0.018

856 
 857 
 858 
 859 
  860 
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Figure 1. 861 
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Figure 2. 864 
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Figure 3. 867 
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Figure 4. 870 
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Figure 5. 873 

 874 


