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A B S T R A C T   

Objectively quantifying subjective phenomena like visual illusions is challenging. We address this issue in the 
context of the Flashed Face Distortion Effect (FFDE), where faces presented in succession appear distorted and 
grotesque. We first show that the traditional method of quantifying FFDE – via subjective ratings of the level of 
distortion – is subject to substantial biases. Motivated by this finding, we develop an objective method for 
quantifying FFDE by introducing two design innovations. First, we create artificially distorted faces and ask 
subjects to discriminate between undistorted and objectively distorted faces. Second, we employ both an illusion 
condition, which includes a succession of 15 face flashes, and a control condition, which includes a single face 
flash and does not induce an illusion. Using these innovations, we quantify the strength of the face distortion 
illusion by comparing the response bias for identifying distorted faces between the illusion and control condi
tions. We find that our method successfully quantifies the face distortion, with subjects exhibiting a more liberal 
response bias in the illusion condition. Finally, we apply our new method to evaluate how the face distortion 
illusion is modulated by face eccentricity, face inversion, the temporal frequency of the face flashes, and presence 
of temporal gaps between consecutive faces. Our results demonstrate the utility of our objective method in 
quantifying the subjective illusion of face distortion. Critically, the method is general and can be applied to other 
phenomena that are inherently subjective.   

1. Introduction 

Quantifying subjective phenomena such as visual and auditory im
agery presents a substantial challenge due to their inherently subjective 
nature. This challenge is particularly evident in conditions like aphan
tasia, where individuals are unable to form visual images (Dance, Ipser, 
& Simner, 2022; Zeman et al., 2020; Zeman, Dewar, & Della Sala, 2015). 
Aphantasia is often assessed using tools like the Vividness of Visual 
Imagery Questionnaire (VVIQ) (Marks, 1973, 1995). The VVIQ mea
sures mental imagery vividness on a scale from 1 (absence of mental 
imagery) to 5 (highly vivid). However, these ratings are subjective and 
can vary significantly based on individual biases. For instance, one 
person's rating of 5 for highly vivid imagery might involve detailed 
features such as specific colors and shapes, whereas another might give 
the same rating to more generalized imagery. 

Quantification challenges extend to other subjective phenomena, 
notably visual illusions. While simpler illusions like the Müller-Lyer 
Illusion can be quantified using behavioral measurements like 

comparative and adjustment tasks (Manning, Morgan, Allen, & Pelli
cano, 2017; Tudusciuc & Nieder, 2010) or neurophysiological mea
surements (Plewan, Weidner, Eickhoff, & Fink, 2012; Weidner, Boers, 
Mathiak, Dammers, & Fink, 2010), more complex visual illusions pose 
greater challenges. One such complex phenomenon is the Flashed Face 
Distortion Effect (FFDE) where eye-aligned faces presented in succession 
are perceived as distorted (Tangen, Murphy, & Thompson, 2011). The 
faces are typically described as deformed and grotesque, with faces 
being perceived as twisted, squished, or enlarged. Critically, there is no 
objective method of quantifying the strength of the face distortion. All 
the current studies on FFDE have adopted a rating method where sub
jects indicate the subjective level of distortion using a rating scale (Balas 
& Pearson, 2019; Bowden, Whitaker, & Dunn, 2019; Gao, 2021; Utz & 
Carbon, 2015; Wen & Kung, 2014). 

Though the rating method is a convenient and efficient way to collect 
data and is widely used in surveys and many other psychological studies, 
it suffers from several drawbacks (Uher, 2018, 2019). Most importantly, 
raters may intuitively rate according to explicit features of the 
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manipulations, such as size, duration, and location of the stimuli. For 
example, observers may rate more eccentric faces as more distorted or 
less distorted due to low detectability and pooling of details in the pe
ripheral visual field (Greenwood, Bex, & Dakin, 2009; Rosenholtz, 
2016). This kind of response strategy can save them time and effort by 
making it unnecessary to engage in effortful information processing and 
decision-making. The underlying mechanisms of what people base their 
ratings on are hidden, making subjective ratings a suboptimal method of 
quantifying face distortion. 

To address these challenges, we introduce a novel method to objec
tively characterize the amount of distortion in FFDE. The method 
combines two design innovations. First, we created artificially distorted 
faces designed to mimic the illusory facial distortions, and then asked 
subjects to discriminate between undistorted and objectively distorted 
faces. Second, we employed an illusion and control conditions. The 
illusion condition included a succession of 15 face flashes and produced 
a strong illusory face distortion. The control condition included a single 
face flash and did not induce an illusion. We then quantified the 
magnitude of subjective face distortion as the difference in response 
criterion between the illusion and control conditions. 

We first show that traditional subjective methods are corrupted by 
decisional bias that is unrelated to the true subjective experience. 
Further, we demonstrate the efficacy of our objective method in quan
tifying face distortions by analyzing the impact of various factors – 
namely, temporal frequency, eccentricity, temporal gap, and face 
inversion – on subjective face distortion. Overall, these results establish 
the robustness and validity of our proposed quantification technique. 

2. Methods 

2.1. Subjects 

We analyzed data from three experiments (N = 27 for each). Ex
periments 1 and 2 were taken from a previous manuscript (Gao, Chen, & 
Rahnev, 2023). Experiment 3 was a new experiment and comprised 17 
females and 10 males with a mean age of 20.04 (SD = 22.61, range =
18–31). No subjects were duplicated between the three experiments. In 
all experiments, the sample sizes were selected to achieve 80% statistical 
power for a medium effect size (0.5). All subjects had normal or 
corrected-to-normal vision and provided signed consent approved by 
the Institutional Review Board of the university. Subjects were recruited 
from the university and received compensation of 1 Student Research 
Participation (SONA) credit or $10 per hour. 

2.2. Procedure 

All experiments included an illusion condition (Fig. 1A) and a control 
condition (Fig. 1B). The illusion condition involved presenting 15 
flashes of bilaterally presented faces known to induce a strong face 
distortion illusion known as the Flashed Face Distortion Effect (FFDE) 
(Balas & Pearson, 2019; Bowden et al., 2019; Tangen et al., 2011; Wen & 
Kung, 2014). Faces in this condition started to appear distorted and even 
grotesque after the initial few flashes. The control condition involved 
presenting a single flash of bilaterally presented faces, which does not 
induce a perceptual illusion of face distortion (Balas & Pearson, 2019; 
Tangen et al., 2011; Wen & Kung, 2014). Subjects performed an 
objective task in which they evaluated whether the last pair of faces 
presented exhibited any distortions. In half of the trials in each condi
tion, one of the last two faces was artificially distorted (left panels of 
Fig. 1A,B). In the other half of the trials, both faces remained undistorted 
(right panels of Fig. 1A,B). In the illusion condition, the first 14 flashes 
included only undistorted faces. 

Each trial began with a red dot presented at fixation for a random 
duration ranging from 800 to 1300 ms. Following this, either 15 flashes 
or a single flash of faces (height = 6 degrees, width = 6 degrees) were 
presented, depending on the experimental conditions. In Experiments 1 

and 2, half of the trials featured flashes lasting 250 ms, while the other 
half had flashes lasting 1000 ms. Additionally, the location of the image 
varied, such that the edge closest to fixation was at 2-degree eccentricity 
in half the trials and at 8-degree eccentricity in the other half of the 
trials. Note that because the images were 6-degree wide, their centers 
were located 5 and 11 degrees away from fixation, respectively. Each 
unique combination of the number of flashes, duration, and eccentricity 
was replicated twice per block, with each block comprising 16 trials. 
After the face presentation, subjects encountered a single response 
screen featuring three questions. The first question prompted subjects to 
identify whether either of the last two faces was distorted. The second 
question required subjects to rate their confidence on a 4-point scale 
(not confident at all, somewhat confident, very confident, extremely 
confident). Note that we do not analyze the confidence ratings in the 
current paper. The third question asked subjects to provide a subjective 
rating of the level of distortion (not distorted, minor distortion, major 
distortion, extreme distortion). We adopted a 4-point scale for distortion 
ratings, aligning with the 4-point confidence scale, which is the most 
commonly used scale for confidence in perceptual studies (Rahnev et al., 
2020). Utilizing a consistent scale for both distortion judgment and 
confidence rating minimizes cognitive load for participants, potentially 
enhancing the quality of the data collected. Subjects had unlimited time 
to respond, with each question displayed on the same response screen. 
Subsequent questions were revealed only after the participant respon
ded to the previous one. 

In Experiment 1, all faces were displayed in an upright orientation. 
Experiment 2 replicated Experiment 1 but with an inverted orientation 
for all faces. Both experiments featured a 2 × 2 factorial design, 
encompassing stimulus eccentricity (faces presented at 2- vs. 8-degree 
eccentricity) and temporal frequency of face presentation (1 Hz vs. 4 
Hz) as factors, resulting in four conditions. Across 10 blocks in each 
experiment, totaling 160 trials, there were 40 trials per condition. 

Experiment 3 involved upright face presentations lasting 1000 ms at 
an 8-degree eccentricity. In the illusion condition, continuous faces were 
interspersed with a gray screen and fixation point, with temporal gaps of 
0, 100, 500, and 1000 ms (Fig. 2). In the control condition, a single flash 
of faces was presented. Each condition of the five conditions was 
repeated twice per block, and there were 10 blocks in total, resulting in 
100 trials in total, with 20 trials per temporal gap. 

2.3. Stimuli 

We used the same stimuli from our previous work (Gao et al., 2023). 
We utilized thirty faces (15 female and 15 male faces) from the Kar
olinska Directed Emotional Faces database (Lundqvist, Flykt, & Ohman, 
1998). We manually created distorted faces using five methods (see 
Fig. 1C for examples of undistorted and artificially distorted faces). The 
first four types of distortion were implemented using the nudging tool 
provided by PicMonkey Photo Editor and Graphic Design Maker (picm 
onkey.com). Each face was aligned on a 8 × 8 grid, with specific 
facial features manually adjusted to introduce various forms of distor
tion. These modifications entailed: (1) elongating the eyes, nose, and 
contour, (2) elongating the eyes and mouth, (3) squeezing the eyes and 
mouth, and (4) rotating the eyes and mouth. Additionally, a fifth method 
of distortion was achieved through MATLAB scripts (The MathWorks, 
Natick, MA), which algorithmically contracted the size of the eyes and 
mouth based on methods described by Webster and Maclin (1999) and 
Yamashita, Hardy, De Valois, and Webster (2005). 

2.4. Analyses 

In both the illusion and control conditions, half the trials included 
distorted faces and the other half included only undistorted faces. In 
each condition, we computed response bias (c) for each subject based on 
the responses to the first question in each trial (“Is either of the last two 
faces distorted?”). To do so, we coded objectively distorted faces as the 
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Fig. 1. Task and stimuli for Experiments 1 and 2. (A) Example trials from the illusion condition. The illusion condition comprised 15 flashes of faces inducing a 
strong visual illusion. Note that each example trial shows only four of the 15 flashes of faces. (B) Example trials from the control condition. The control condition 
involved a single flash of faces and did not induce illusionary distortion. The left panels of Figs. A and B display example trials that include artificially distorted faces, 
whereas the right panels illustrate example trials where no artificially distorted faces are present. In Experiments 1 and 2, the faces were presented for either 250 or 
1000 ms (the same duration was used for all faces within a condition). Following each trial, subjects responded to three questions: Q1. Is either of the last two faces 
distorted? Q2. How confident are you? Q3. Rate the level of distortion. (C) Examples of undistorted faces and artificially distorted faces created by different methods. 
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non-target and undistorted faces as the target. Consequently, the hit rate 
was calculated as the proportion of trials for which no artificial distor
tion was presented and subjects responded that there was no distortion. 
The false alarm rate was calculated as the proportion of trials for which 
an artificially distortion face was presented but subjects responded that 
there was no distortion. The response bias, c, was then computed using 
the formula from signal detection theory (Green & Swets, 1966): 

c = −
φ− 1(hit rate) + φ− 1(false alarm rate)

2  

where φ− 1 denotes the inverse of the cumulative standard normal dis
tribution converting the hit rate and false alarm rate into Z scores. Note 
that a larger c value indicates a bias towards more frequently reporting 
“distorted,” serving as an index for the presence of face distortion 
illusion. 

We separately obtained subjective distortion ratings for each con
dition based on the responses to the third question on each trial (“Rate 
the level of distortion”). The responses to the second question (“How 
confident are you?”) were analyzed in a separate manuscript for 
different research purposes (Gao et al., 2023) and are not examined 
here. 

To examine whether distortion ratings are influenced by decisional 
biases, we conducted across-subject Pearson correlations between 
distortion ratings in the illusion and control conditions. To avoid 
contamination by the artificial distortions in the images, we limited 
these correlations to the ratings collected from the undistorted faces 
only. We performed these correlations for each experiment separately, 
as well as for the data combined across all three experiments. To explore 
how temporal frequency and the eccentricity of face presentation 

influence the face distortion illusion, we conducted two-tailed paired t- 
tests for response bias and distortion ratings for Experiments 1 and 2. 
These tests compared different eccentricities and temporal frequencies 
within both the illusion and control conditions, as well as the differences 
between the illusion and control conditions. For Experiment 3, we per
formed two-tailed paired t-tests on the response bias and distortion 
rating between the control condition and the illusion conditions with 
different temporal gaps. For all t-tests, we report Bayes factors computed 
using default priors (Krekelberg, 2022). 

3. Results 

We re-analyzed data from two previous experiments (Gao et al., 
2023) and further collected data for a new experiment. Experiments 1 
and 2 tested the effects of temporal frequency and eccentricity on FFDE, 
whereas Experiment 3 tested the effects of inserting temporal gaps be
tween successive faces. Critically, in all three experiments, we collected 
traditional distortion ratings and also computed our novel objective 
metric of FFDE. 

3.1. Subjective distortion ratings are subject to biases 

We first examined whether the subjective distortion ratings are 
subject to intrinsic bias. We reasoned that beyond the true level of 
distortion, subjective ratings may also reflect an overall propensity to 
give lower or higher distortion ratings. Further, such overall propensity 
for using low or high distortion ratings may vary from person to person. 
If this is indeed the case, one would expect to observe a positive corre
lation between the distortion ratings given to undistorted faces in the 

Fig. 2. Illusion condition design in Experiments 3. Example trials from the illusion condition in Experiment 3. The left panel displays an example trial that includes 
artificially distorted faces, whereas the right panel displays an example trial that does not include artificially distorted faces. Faces were always presented for 1000 
ms. A blank screen with fixation point only was presented for 0, 100, 500, or 1000 ms (the same duration was used for all temporal gaps within a trial). Note that each 
example trial shows only four of the 15 flashes of faces. The control condition was the same as that of Experiments 1 and 2 (Fig. 1B) except that the flash lasted 
1000 ms. 
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illusion condition (where true distortion exists) and undistorted faces in 
the control condition (which does not induce distortions). We checked 
for such correlation by first combining the data from all three experi
ments (N = 81) to increase power. We found a strong correlation be
tween distortion ratings for undistorted faces in the illusion and control 
conditions (r = 0.61, p = 1.9*10− 9, BF10 = 5.4*106; Fig. 3). Further, the 
high correlation was present for each individual experiment (Experi
ment 1: r = 0.61, p = .0007, BF10 = 43.33; Experiment 2: r = 0.65, p =
.0003, BF10 = 3.86; Experiment 3: r = 0.61, p = .0008, BF10 = 39.27). 
These findings demonstrate that subjective distortion ratings are 
inherently subject to intrinsic biases. 

Previous work has used subjective distortion ratings to examine the 
effects of temporal frequency and eccentricity on FFDE, finding that 
both lower temporal frequency and larger eccentricity enhance the level 
of face distortion (Balas & Pearson, 2019). Here we examine whether 
these effects may be partially due to intrinsic biases too. We compared 
the effects of temporal frequency and eccentricity on the distortion 
ratings for undistorted faces in both the illusion condition (where one 
would expect differences) and the control condition (where one would 
not expect differences because there should be no distortion regardless 
of the stimulus manipulations) in Experiments 1 and 2. 

Replicating the previous results (Balas & Pearson, 2019), we found 
that distortion ratings were significantly higher for more eccentric faces 
in the illusion condition (Experiment 1: t(26) = 4.30, p = .0002, Cohen's 
d = 0.83, BF10 = 135.05; Experiment 2: t(26) = 7.10, p = .0000002, 
Cohen's d = 1.37, BF10 = 1.0*105; Fig. 4A-B). However, the same dif
ference in distortion ratings appeared in the control condition too 

(Experiment 1: t(26) = 4.56, p = .0001, Cohen's d = 0.88, BF10 = 247.00; 
Experiment 2: t(26) = 3.93, p = .0006, Cohen's d = 0.76, BF10 = 56.53). 
These results suggest that at least a part of the effect in the illusion 
condition stems from an intrinsic bias that is also observable in the 
control condition. The effect of eccentricity was significantly larger in 
the illusion than in the control condition in Experiment 2 (t(26) = 4.78, 
p = .00006, Cohen's d = 0.92, BF10 = 424.34), but this effect did not 
reach significance in Experiment 1 (t(26) = 1.59, p = .13, Cohen's d =
0.30, BF01 = 1.64). Our findings suggest that eccentricity modulates 
FFDE above and beyond the influence of intrinsic bias, but the true effect 
would be smaller if the intrinsic bias is accounted for. 

We observed similar effects for temporal frequency too. As in pre
vious work, we found that distortion ratings were significantly higher 
for slower temporal frequency in the illusion condition for both exper
iments (Experiment 1: t(26) = 5.94, p = .000003, Cohen's d = 1.14, BF10 
= 6.7*103; Experiment 2: t(26) = 6.36, p = .000001, Cohen's d = 1.22, 
BF10 = 1.8*104; Fig. 4C-D). However, the same difference in distortion 
ratings again appeared in the control condition too (Experiment 1: t(26) 
= 2.48, p = .02, Cohen's d = 0.48, BF10 = 2.58; Experiment 2: t(26) =
5.17, p = .00002, Cohen's d = 1.00, BF10 = 1.1*103). As with eccen
tricity, these results suggest that at least a part of the effect in the illusion 
condition stems from an intrinsic bias that is also observable in the 
control condition. Nevertheless, the difference between the low and high 
temporal frequency stimuli was larger in the illusion than in the control 
condition (Experiment 1: t(26) = 4.39, p = .0002, Cohen's d = 0.84, 
BF10 = 164.44; Experiment 2: t(26) = 3.54, p = .002, Cohen's d = 0.68, 
BF10 = 23.66). As with eccentricity, our findings suggest that temporal 

Fig. 3. Correlation of distortion ratings for undistorted faces in the illusion and control conditions. This figure illustrates the strong correlation between the perceived 
distortion ratings of undistorted faces in the illusion and control conditions across all three experiments, indicating a consistent pattern of subjective biases. The red 
line in each figure represents the linear regression model fitted to the data. (For interpretation of the references to colour in this figure legend, the reader is referred to 
the web version of this article.) 
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frequency does modulate FFDE above and beyond the influence of 
intrinsic bias. Nevertheless, the true effect would be smaller if the 
intrinsic bias is accounted for. 

3.2. An objective method to quantify face distortion 

Given the biases inherent in the standard subjective distortion rat
ings, here we introduce a novel, objective methodology for quantifying 
facial distortion. The goal of the method is to reduce the influence of 
subjective biases by giving subjects an objective task and explicitly ac
counting for any remaining biases by examining whether the effects in 
the illusion condition are larger than in the control condition. To vali
date our method, we apply it to the same data from Experiments 1 and 2 
as above (this section) and to new data from Experiment 3 (next section). 

We first checked whether our method produces similar response bias 
for different stimulus manipulations in the control condition. Ideally, 
one would see no significant differences given the fact that the control 
condition does not induce subjective distortion. Indeed, we found that 
response bias was matched for the two eccentricities in the control 
condition for both experiments (Experiment 1: t(26) = 0.26, p = .80, 
Cohen's d = 0.05, BF01 = 4.76; Experiment 2: t(26) = 0.50, p = .62, 
Cohen's d = 0.10, BF01 = 4.37, Fig. 5A-B). On the other hand, when 
examining temporal frequency, we found that response bias was 
matched in Experiment 1 (t(26) = 0.66, p = .52, Cohen's d = 0.13, BF01 
= 4.03) but not in Experiment 2 (t(26) = 3.67, p = .001, Cohen's d =

0.71, BF10 = 31.19, Fig. 5C-D). In other words, asking subjects to 
complete an objective task seemed to reduce the intrinsic biases, though 
perhaps not eliminate them completely. 

We also examined the effects of eccentricity and temporal frequency 
on FFDE using our new method by analyzing the data from the illusion 
condition. We found that face distortion was greater for more eccentric 
stimuli, though the effect was only significant for Experiment 2 
(Experiment 1: t(26) = 1.62, p = .12, Cohen's d = 0.65, BF01 = 1.54; 
Experiment 2: t(26) = 2.94, p = .007, Cohen's d = 0.57, BF10 = 6.41, 
Fig. 5C-D). Face distortion was also greater for lower temporal fre
quency (Experiment 1: t(26) = 6.01, p = .000002, Cohen's d = 1.16, 
BF10 = 8.0*103; Experiment 2: t(26) = 6.42, p = .0000008, Cohen's d =
1.24, BF10 = 2.1*104), though only Experiment 1 showed a significant 
interaction (Experiment 1: t(26) = 3.40, p = .002, Cohen's d = 0.65, 
BF10 = 17.13; Experiment 2: t(26) = 1.73, p = .10, Cohen's d = 0.33, 
BF01 = 1.33). Overall, these results replicate previous conclusions (Balas 
& Pearson, 2019) that both eccentricity and temporal frequency 
modulate the strength of FFDE. 

3.3. Our new method quantifies face distortion in the presence of temporal 
gap between successive faces 

It has typically been assumed that FFDE only occurs when successive 
faces are presented without any gaps between them (Tangen et al., 
2011). In Experiment 3, we directly tested this assumption and also 

Fig. 4. Distortion ratings for undistorted faces in Experiments 1 and 2. (A,B) Effects of eccentricity on distortion ratings. Distortion ratings were higher for stimuli of 
larger eccentricity. However, this effect was present both in the illusion and the control conditions, suggesting that it was partly driven by intrinsic biases. 
Nevertheless, the effect of eccentricity was significantly larger in the illusion than in the control condition in Experiment 2, but this effect did not reach significance in 
Experiment 1. (C,D) Effects of temporal frequency on distortion ratings. Distortion ratings were higher for stimuli of lower temporal frequency. However, this effect 
was present both in the illusion and the control conditions, suggesting that it was partly driven by intrinsic biases. Nevertheless, the effect of temporal frequency was 
significantly larger in the illusion than in the control condition in both experiments. Error bars indicate SEM. 

Y. Gao et al.                                                                                                                                                                                                                                     



Cognition 250 (2024) 105861

7

Fig. 5. Response bias in Experiments 1 and 2. (A,B) Effects of eccentricity on response bias. Response bias was matched in the control condition, suggesting that our 
method is robust to intrinsic biases. In the illusion condition, response bias was larger for more eccentric stimuli, though the effect (as well as the interaction between 
the control and illusion condition) was only significant for Experiment 2. (C,D) Effects of temporal frequency on response bias. In the control condition, response bias 
was matched in Experiment 1 but not in Experiment 2, suggesting that in the case of temporal frequency, our objective method mitigated intrinsic biases but without 
eliminating them completely. In the illusion condition, face distortion was greater for lower temporal frequency, though only Experiment 1 showed a significant 
interaction. Error bars indicate SEM. 

Fig. 6. Results for Experiment 3. (A) Results for subjective rating method applied to undistorted faces only. The distortion ratings were higher in all four illusion 
conditions compared to the control condition. (B) Results for our objective method. The response bias was higher in the 0-, 100-, and 500-ms illusion conditions 
compared to the control condition. P-values indicate the results of uncorrected t-tests. Error bars indicate SEM. 
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compared the sensitivity of the subjective ratings and our new method. 
We included four illusion conditions with varying temporal gaps be
tween images: 0, 100, 500, and 1000 ms. In addition, we again included 
a control condition where a single pair of faces was presented. 

We first examined the subjective ratings for undistorted faces only, 
and found significant differences between the control condition and all 
illusion conditions regardless of temporal gap (all four p's < 0.03, all 
BF10 > 1.91; Fig. 6A). After Bonferroni correction for four comparisons, 
the difference between the control condition and the illusion conditions 
with temporal gaps of 500 and 1000 ms were no longer significant (both 
p's > 0.07), while the difference between the control condition and 
illusion conditions with temporal gaps of 0 and 100 ms remained sig
nificant (both p's < 0.04). 

Consistent with the subjective rating method, our new objective 
method found a clear difference between the control and the 0-ms, 100-, 
and 500-ms illusion conditions (0 ms: t(26) = 2.99, p = .006, Cohen's d 
= 0.58, BF10 = 7.23, 100 ms: t(26) = 2.21, p = .04, Cohen's d = 0.42, 
BF10 = 1.60, 500 ms: t(26) = 2.14, p = .04, Cohen's d = 0.41, BF10 =

1.44; Fig. 6B). After Bonferroni correction, only the difference between 
the control and the 0-ms condition remained significant (p = .024). The 
effects for 100 and 500 ms were modest and warrant replication in 
further studies. Face distortion was no longer significantly different from 
the control condition when the faces were presented with a relatively 
long temporal gap of 1000 ms (t(26) = 1.32, p = .20, Cohen's d = 0.25, 
BF01 = 2.25). Overall, these analyses suggest that our objective method 
successfully quantifies the effects of temporal gaps on face distortion. 

4. Discussion 

The goal of this study was to develop a method for objectively 
quantifying the strength of inherently subjective phenomenon of FFDE. 
We devised artificially distorted faces and asked subjects to distinguish 
between undistorted and objectively distorted faces. We implemented 
two conditions: an illusion condition, consisting of a sequence of 15 face 
flashes, and a control condition, involving a single face flash without 
inducing any illusion. Across three experiments, we varied factors such 
as eccentricity, temporal frequency, face orientation, and temporal gap 
between successive faces while measuring distortion ratings and 
response bias. Our analysis revealed that subjective distortion ratings 
are inherently susceptible to intrinsic biases, while our method exhibits 
reduced vulnerability to such biases. 

Our results add to a long literature about the limitations of subjective 
ratings in not only behavioral sciences but also in diverse fields such as 
economics, health, sociology, and public management (Bollen & Paxton, 
1998; Jahedi & Méndez, 2014; Podsakoff, MacKenzie, Lee, & Podsakoff, 
2003; Poulton, 1977). This literature has pointed out that subjective 
ratings often exhibit systematic measurement errors. Systematic biases 
can even sometimes lead to subjective ratings being uncorrelated or 
even negatively correlated with objective assessments (Cote & Buckley, 
1987; Olken, 2009; Podsakoff et al., 2003). 

In line with these previous findings, here we showed that the sub
jective rating method for face distortion is subject to several systematic 
biases. First, subjects may give low or high distortion ratings that are 
influenced not only by the true distortion strength but also by various 
decisional biases. In line with this possibility, we found that the 
distortion ratings in the illusion condition are strongly related to the 
distortion ratings in the control condition. Second, subjects may be 
inherently biased towards using low or high distortion ratings in 
different conditions, independent of the true level of distortion in each 
condition. In other words, when giving distortion ratings, they may also 
rely on extraneous information beyond the true distorted percept (Bol
len & Paxton, 1998). In line with this possibility, we showed that the 
discrepancies across different eccentricities and temporal frequencies 
appear not only in the illusion condition, but also in the control condi
tion (where no effect should exist). Together, these findings confirm that 
subjective ratings may suffer from multiple biases. Importantly, 

subjective ratings also reflect people's true experiences and the ratings' 
variability across subjects likely reflect the true differences in percepts. 
Our results do not challenge this notion but simply show that subjective 
ratings are not pure readout of subjective experience, and instead are 
subject to additional decisional biases (Rahnev & Denison, 2018). 

The limitations of the subjective rating method underscore the ne
cessity of objective measures in evaluating subjective phenomena. 
Objective tasks, such as detection or discrimination, can reduce or even 
eliminate the influence of personal biases. We refer to our method of 
quantifying FFDE as “objective” because subjects perform an objective 
task (identifying if distortion is physically present in the images), in 
contrast to “subjective” tasks where subjects rate their own experience. 
Nevertheless, we note that even objective tasks involve subjective re
sponses, and thus our task is not objective in absolute terms. 

Our study presents a promising approach for quantifying subjective 
phenomena such as visual illusions. Previous studies have applied 
objective detection and discrimination tasks to quantify subjective ef
fects such as the Müller-Lyer illusion and visual aftereffects (Gao, Pieller, 
Webster, & Jiang, 2022; Lown, 1988; Webster, Kaping, Mizokami, & 
Duhamel, 2004). However, objective methods are relatively easier to 
design for these effects because these illusions can be manipulated in a 
graded fashion (e.g., by manipulating the true length of the lines in the 
Müller-Lyer illusion). On the other hand, objective methods are harder 
to devise for illusions that cannot be easily manipulated in a graded 
fashion, such as illusions where subjects see motion in stationary images 
(Fraser & Wilcox, 1979; Seno, Kitaoka, & Palmisano, 2013) or perceive a 
shape that does not exist as in the Kanizsa triangle (Kanizsa, 1976). 

Our method depends on subjects performing a forced-choice task 
between two categories of images and the creation of objective images 
that mimic the subjective percept induced by the illusion of interest. 
However, creating objective images that perfectly align with subjective 
experiences is challenging, especially since the illusory percepts may 
vary based on many factors. In the case of FFDE, the illusory distortion 
likely changes based on the exact sequence of presentation as well as 
between observers. In our experiments, there was likely a significant, 
though not complete, overlap between the artificially induced distor
tions and those induced by the illusion. Our method requires a certain 
degree of overlap between these two types of distortions, but a complete 
overlap is not necessary. While every illusion is unique and will require a 
slightly different approach, our method can be generalized and applied 
to many other illusions that have not yet been studied using objective 
tasks. 

One would expect that the closer the artificially distorted faces are to 
the illusory percepts people experience, subjects' ability to perform the 
objective task would diminish. In the extreme case, if the artificially 
distorted faces perfectly mimic the illusory percepts, subjects will be 
completely unable to distinguish between the undistorted and artifi
cially distorted faces. We indeed found that subjects' ability to distin
guish between undistorted and artificially distorted faces was lower in 
the illusion compared to the control condition (Supplementary Fig. 1). 
This sensitivity difference between the control and the illusion condi
tions could ostensibly serve as a metric of the strength of FFDE. How
ever, the control condition may be inherently easier given that it 
features a single flash of faces, whereas the illusion condition is likely 
more difficult because the initial 14 flashes of faces potentially act as 
distractors. Therefore, quantifying FFDE by the difference in task 
sensitivity between the control and illusion condition would require 
additional control conditions to account for any task sensitivity differ
ence that may exist between the single- and 15-flash conditions. 

Applying our objective method, we found that FFDE increased with 
larger eccentricity and diminished with higher temporal frequencies of 
face presentation, consistent with previous findings that used the sub
jective rating method (Balas & Pearson, 2019). Beyond previous find
ings, we discovered that temporal gaps of 100 and 500 ms preserved the 
face distortion, whereas gaps of 1000 ms reduced it significantly. This 
finding illustrates the resilience of discontinuous presentation in 
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eliciting face distortion, aligning with established findings on face af
tereffects, where aftereffects significantly decrease with test durations of 
1000 ms (Leopold, Rhodes, Mueller, & Jeffery, 2005; Rhodes, Jeffery, 
Clifford, & Leopold, 2007). Such results suggest that the FFDE may be 
indicative of a specific form of visual adaptation. 

In summary, we develop an objective approach for quantifying 
subjective visual phenomena. The approach is robust to inherent biases 
unlike traditional subjective rating methods. Our method revealed new 
insights into the nature of face distortion and can be generalized to study 
a range of subjective phenomena. 
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