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Abstract 
Motivation: The study of mirror symmetry in images has been an attractive field for decades, especially in visual psychophysics and 

computational vision. Many studies have focused on detection of symmetry properties such as orientation, or detection speed. For this 

reason, the vast majority treat symmetry as a binary feature (symmetric or not symmetric), although this might not reflect the gradations 

that humans perceive in symmetric images/patterns. Here, we propose a new algorithm that generates pseudo-random patterns with a 

specific level of local and global symmetry. Following that, a psychophysical experiment was performed to compare the symmetry 

ranks, both human and computer generated, from synthetic images produced by the aforementioned algorithm. 
Results: Perception of symmetry have shown to be governed by the same facts as demonstrated before on some pre-attentive experi-

ments. Symmetry scores have shown to be described effectively by the percentage of global symmetric points, giving different weights 

to asymmetries in the function of the proportion of symmetric and asymmetric points. 

Supplementary information: Supplementary data are available at Github link: https://github.com/danielarco98/Final-Grade-Project 

 

 

1 Introduction  

Mirror symmetry (there are more types of symmetry 

such as translational or rotational symmetry, but in 

this paper, we will exclude them and refer to mirror 

symmetry as “symmetry”) is a visual property that oc-

curs when, after a reflexion transformation on one half 

of the image, both halves are equal. The line dividing 

both symmetric areas is called the symmetry axis.  

Symmetry is highly abundant in living organisms, hu-

man-made objects, art, even in geological accidents. 

Many animals are capable of perceiving mirror sym-

metry such as birds, mammals, and insects (Giurfa et 

al., 1996; Møller, 1992). This fact can be due to sym-

metry is related to better genotypic quality; also, ver-

tical symmetry has demonstrated to be specially easy 

to detect, from adults to infants (Pornstein & Krinsky, 

1985) as it possibly plays a role in other high-order 

processes such as perceptual grouping or figure-

ground segmentation (Machilsen et al., 2009). More-

over, humans have demonstrated to have a rapid and 

precise capability to detect symmetry in dot plots 

(Barlow & Reeves, 1979). For these reasons, the 

mechanism involved in the detection of mirror sym-

metry is likely to be simple and fast (low-level mech-

anism), i.e.  it has to be present in the early stages of 

the visual cortex of humans and other animals. Evi-

dence shows that, possibly, it starts at the V1 stage of 

the visual cortex (Van Der Zwan et al., 1998). 

Most of psychophysical experiments that have treated 

symmetry previously have explored only the discrim-

ination between global symmetric patterns and ran-

dom patterns. The symmetry axis was centered on the 

fixation point and the whole retinal image presented 

the symmetry property or not. However, in natural 

conditions, symmetric patterns could appear on any 

position of the retinal image, even the size of the sym-

metric figure could be relatively small. 

Herbert & Humphrey (Herbert & Humphrey, 1996) 

tested the discrimination on symmetric patterns with 

different degrees of eccentricity and symmetry axis 

orientations. They concluded that detectability de-

creases as the ratio of figure size decreases and eccen-

tricity increases. Vertical symmetric figures that are 

centered tend to be more easily discriminated than 

other symmetry orientations, this preference seems to 
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disappear when the symmetry axis is far enough from 

the center of the fixation. They concluded that vertical 

symmetry on the fixation point possibly is an special 

case of symmetry on our visual system. 

Despite all the previous work, not further work has 

made regarding the attentive mechanisms which are 

responsible of evaluating the symmetries and asym-

metries of a detected symmetric object. These atten-

tive mechanisms may be involved in other high-order 

processes such as aesthetic judgments (Makin et al., 

2016; Møller, 1992) or memory (Mendelson & Lee, 

1981). Despite this, no further work had inquired 

about how effectively these attention mechanisms 

perceive symmetry or how sensible they are to asym-

metries on partially symmetric images. 

Given the previous observations, some questions 

arise: Would symmetry perception be affected by 

symmetric objects whose axis of symmetry are far 

from the center of the fixation (local symmetry) or 

would be governed only by symmetry with the axis 

centered on the center of fixation (global symmetry), 

if the exposure time for the image is long? What is the 

relative importance given by observers to local and 

global symmetry? How effectively observers are ca-

pable of assigning a score to symmetry based on the 

proportion of symmetry and asymmetry?  

For answering these questions, we performed a psy-

chophysical experiment where observers assign a 

symmetry score to a image having a long stimulus ex-

posure time. The images had globally and locally 

symmetric patterns with different degrees of asym-

metry. 

2 Methods 

Our research was focused on two objectives: (a) to de-

termine the discrimination threshold between sym-

metry and noise; and (b) to evaluate how asymmetries 

within otherwise symmetric patterns are perceived by 

human observers and state which factors condition 

this evaluation. With this aim, we performed a rating 

task; subjects had to choose the symmetry axis of an 

image, if they detect any, and, after that, assign a rat-

ing of symmetry between 1 and 5 (1 is mostly asym-

metric, and 5 is perfectly symmetric). The possible 

axis orientations angles were 0, 45, 90, and 135 de-

grees.  

Stimuli were generated on MATLAB2019b (The 

MathWorks Inc, 2018) environment, in addition to 

PsychToolbox (Brainard, 1997) for the experiment 

presentation. 

2.1. Stimulus 

The stimulus images were made of white and black 

pixels (1080x1080) and contained a mixture of glob-

ally-symmetric patterns and locally-symmetric pat-

terns with a tunable percentage (0-1) of symmetric 

points with respect to only one axis.  In this way, the 

symmetry axis was shared among the local objects 

and the global figure. Figure 1 shows an example of 

an image produced by the algorithm, revealing the dif-

ferent steps. 

 
In our code, the image is represented by a matrix of 

size 45x45 with locally-symmetric patterns of size 

9x9. The number of locally-symmetric patterns was 

fixed to 2, (not counting their symmetrical copies). 

The possible symmetry axes orientations were hori-

zontal (0º), vertical (90º), and the two main diagonals 

(45º and 135º). 
 
To introduce locally-symmetric patterns, we pro-

ceeded as follows. In the first stage, their locations 

were randomly selected, avoiding regions near the 

global symmetry axis, so that local and global sym-

metry do not interfere with each other. 

 

Once these locations were defined, we created the lo-

cally-symmetric patterns by stochastically generating 

white points using a uniform distribution with a 

threshold previously defined. In our case, this thresh-

old (which indicates the percentage of white points), 

was chosen to be 0.5, for both  global and local pat-

terns. This value was chosen to maintain the same 

proportion of white and black points despite the inser-

tion of asymmetries later in the process. Following 

this, half of the random points were copied and ro-

tated, transforming random patterns into symmetric 

ones. Note that, for a diagonal symmetry axis, two tri-

angular symmetric areas were selected; meanwhile, 

on horizontal and vertical symmetry, the areas are 

formed by two rectangles, i.e. two different proce-

dures were used to make the mirror copies.  

 

To insert the asymmetries on symmetric patterns, we 

used a uniform distribution. One of the symmetric 

pairs of points changes if the uniform random number 
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generated is lower than the percentage of locally-sym-

metric points specified on the parameters. This 

method was used to ensure that our symmetry grada-

tion parameters really represent the correlation be-

tween both mirror symmetric areas.  
 
A similar procedure is used for creating the globally-

symmetric background. An initial random back-

ground is defined, then it is transformed into a totally 

symmetric one, as we did for the locally-symmetric 

patterns. After that, we inserted the locally-symmetric 

patterns and their pairs into the globally-symmetric 

background. Once locally-symmetric patterns and the 

background are on the same matrix, asymmetries are 

inserted on the global picture. The methodology ex-

plained before for adding asymmetries on local ob-

jects is used, but avoiding locally-symmetric patterns 

to change. The percentage of globally symmetric 

points is defined by a threshold, previously indicated 

on parameters. 

 

Finally, the image is transformed into its correct ori-

entation (if necessary). Horizontal patterns were ob-

tained by transposing the matrices, in the same way, 

diagonal patterns of 135º and 45º were obtained by 

flipping the column orders of their original matrices. 

These transformations were done after the basic figure 

was defined. 
 

Then, it was resized from 45x45 to 1080x1080 using 

bicubic interpolation. This interpolation method con-

siders, for each pixel, the values of its four closest 

neighbors to produce new rescaled values. As a result, 

it creates a blurry grey-scale image that was converted 

back to a black and white (binary) image, by applying 

a 0.5 threshold cut-off, giving them the appearance of 

blobs. 

 
We used these blob-style images, with smoother 

edges, because they look more  “natural”. Originally, 

we tried the nearest neighbor interpolation method, 

which replicates pixels by a factor of 24 (1080/45), 

but it was discarded because it creates images com-

posed of big squares and rough edges, which look less 

naturalistic.  
 

For testing how the parameters behave, we have 

measured the correlation coefficient of images with 

the different values of global symmetry (from 0 to 1, 

spacing them with 0.05 jumps). For each value of 

global symmetry 100 replicates were done and the 

mean of replicates’ correlations was computed.  

 
As we can see on Supplementary Materials F47,  a 

perfect linear behaviour is observed between the cor-

relation values and global symmetry parameter. The 

correlation between both symmetric halves is 0 when 

the global symmetry parameter is 0.5 (which means 

equal chances of a pair of points to be symmetric or 

not). Logically, correlation achieves its maximum (1) 

when all the points are perfectly symmetrical (1 on 

our global symmetry parameter). Global symmetry 

parameter below 0.5 produce images where symmet-

ric pairs are less present than not symmetric pairs. On 

0 of global symmetry none of the points have its sym-

metric pair, obtaining -1 of correlation, and producing 

Figure 1. Pipeline of the creation of partial symmetric images. (A) Creation of the locally-symmetric patterns  (B) Creation of 

the globally-symmetric background (C) Insertion of the locally-symmetric patterns and their symmetric copies on the background 

(D) Insertion of asymmetries and rotation of the image on its correct orientation. (E) Resizing of the image to 1080x1080 pixels 

using bicubic interpolation to create the blob-style. On this example, the symmetry axis orientation was vertical, the locally-sym-

metric patterns are perfectly symmetric (100% of local symmetry) and the image has 80% global symmetry. 
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antisymmetric images: a white dot on one of the sym-

metric halves will mean a black dot on the other half. 

We only had used global and local symmetry param-

eters from 0.5, (0 correlation) to 1  (perfect correla-

tion). The range of symmetry percentages was con-

verted from 0.5-1 to 0-1, representing more faithfully 

the correlation between both symmetric pairs. 

 
For this experiment, we created forty images, with 

different combinations of global and local symmetry 

and random orientations (10 global symmetry values 

x 4 local symmetry values and random orientations). 

See Supplementary Materials F1-F40 for all the ex-

perimental images used. 

2.2 Stimulus presentation and task procedure 

To display the stimuli, we used Skype using screen 

mirroring. Subjects were requested to use a screen 

with more than 15’’, having a viewing distance of 90 

cm and head at the same height as the screen. We de-

cided to use Skype due to the COVID-19 pandemy 

mobility restrictions applied on Spain from March to 

June, which do not allow any kind of experiment 

which social distance could not be respected. 

Twenty naïve participants were selected, each one 

was informed about the experimental procedure, and 

performed a training session, consisting of 5 runs  be-

fore the experiment (Supplementary Materials F41-

F45). The total duration of the experiment was 40 min 

(40 trials). Each trial consisted of a 3 seconds count-

down timer, proceeded with a fixation cross indicat-

ing the center of the screen. Then, the stimulus was 

shown during 60 seconds. Subjects were free to end 

the stimulus presentation before this time threshold. 

We randomized the appearance order of the forty 

stimuli (see previous section). After each trial, sub-

jects had to report the orientation of the symmetry axis 

of the image, if they detected any, and assign it a sym-

metry score from 1 to 5. If no axis was detected, the 

score assigned was 0. 

3 Results  

The analysis of the experiment will focus on two main 

lines, studying the factors that influence the percep-

tion of the symmetry axis and the factors that condi-

tion the symmetry scores. 

 

3.1 Factors determining symmetry perception 

We determined how different parameters affect the 

detection of the axis of symmetry using logistic re-

gression. This model uses a binary dependent variable 

that indicates if the subject had selected the symmetry 

axis correctly (1) or not (0). These dependent varia-

bles are tested against the null hypothesis, a case 

where detectability of the symmetry axis is random.  

Logistic regression is a generalized linear model often 

used with binary dependent variables (Cox, 1958), as 

in our case. In Table 1, we show the results of the test 

for the different parameters used: percentage of glob-

ally-symmetric points, percentage of locally-symmet-

ric points, and the axis of symmetry orientation. As 

can be seen, the only factor that significantly influ-

ences symmetry discrimination is the percentage of 

globally-symmetric points (p-value near 0). Locally-

symmetric patterns' influence was not significant. The 

only axis that resulted significantly was 90º (vertical), 

increasing the odds of detecting symmetry. 

Table 1. Statistics of the logistic regression test.  Log-Odds ra-

tios, p-value, SE, and 95 % confidence intervals for the logistic 

regression using the different parameters used to produce the im-

ages as predictors. The values are obtained using glm regression 

function, adapting it to binomial response type on R. 

3.1.1 Effect of global symmetry on symmetry 
axis discrimination 

As mentioned previously, the factors that result sig-

nificantly in the axis of symmetry detection was the 

percentage of globally-symmetric points and the pres-

ence of vertical symmetry axis. In our model only 

global symmetry was taken into consideration. In Fig-

ure 2, the abscissa shows the total percentage of glob-

ally-symmetric points of the different images and the 

ordinate shows the percentage of trials when a subject 

correctly discriminates the axis of symmetry. We fit-

ted a  logistic curve that follows Eq 1 to compare our 

 

 Log -Odds 

Ratio 

p-value Standard 

Error 

95% Confidence   

Interval 

  Intercept -2.9531 3.09e-06 0.6331 [ -4.2190   -1.7330] 

  % Global  5.7565 <2e-16 0.4080 [4.9983   6.5907] 

  % Local 0.6645 0.2592 0.5890 [-0.4883   1.8242] 

Orientation 

(Respect 0º) 

    

      45º -0.1248 0.6654 0.2889 [-0.6942 0.4404] 

      90º 0.7813 0.0252 0.3490 [0.1028 1.4732] 

      135º 0.3039 0.3310 0.3330 [-0.3307 0.9769] 
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results with the maximum likelihood distribution.  As 

we can see, the predicted distribution is close to our 

experimental data.  

P(Detection) =  
e(b1+b2∗x)

1+e(b1+b2∗x)  (1)  

Our model only takes into account the log-odds ratio 

for global symmetry (b2) and the intercept (b1), both 

shown in Table 1.  

Figure 2 reveals that our data presents a strong corre-

lation with the proposed model. The distance between 

the data and the logistic curve at 0% of globally-sym-

metric points could be explained by the effect of lo-

cally-symmetric patterns; in addition to the random 

chance of correctly guessing the axis of symmetry. 

Figure 2. Relation between the probability of correctly detect 

the axis of symmetry and the % of globally-symmetric points. 

Black dots represent the mean percentage of trials, for all subjects, 

where the axis of symmetry was correctly discriminated on differ-

ent percentages of globally-symmetric points; all pictures with the 

same rate of global symmetry were grouped as a single point. The 

error bars are computed as the SD, which reveals the deviation 

from the mean detection for each subject. The line represents the 

maximum likelihood estimate of the logistic curve Eq 1 using the 

significant odds of Table 1. 

3.2 Factors determining symmetry score 

As for symmetry detection task, in case of symmetry 

score, we used a logistic regression test for determin-

ing the factors that influence the scoring of images 

where the axis of symmetry was correctly detected. 

The main difference between this test respect to the 

previous logistic model was that the dependent varia-

ble was not a binary response: the actual dependent 

variable was a score that ranges from 1 (less symmet-

ric case) to 5 (perfect symmetry). As the scores are 

ordered, an ordinal logistic regression was performed.  

To do logistic regression on ordinal responses, we 

first have to test the assumption that the odds are pro-

portional for every score. This implies that, on the 

probability distribution of each score, we use the same 

slope for each independent variable. To test if the pro-

portional odds assumption is violated, we perform a 

chi-squared test on the residual deviance between the 

proportional odds model and the multinomial model 

(following the method described in Fox, 2002). The 

p-value for accepting the null hypothesis (i.e. the pro-

portional odds assumption is valid) is near to 0, so we 

can safely state that proportionality on odds cannot be 

maintained. This means that the scoring scale is not 

linear (the odds are not proportional for every 

score).  To solve this issue, we used a Partial Propor-

tional Odds model (PPO), which introduces a relaxa-

tion parameter for the odds slopes of different scores. 

Table 2. Results for the ordinal logistic regression test. Our 

ordinal categories correspond to each score 1 to 5. Partial Propor-

tional Odds (PPO) regression was done using vglm function on R 

environment, assuiming that the only independent variable that 

violates proportionality on odds is global symmetry.  

As on the correct axis discrimination task, the percent-

age of globally symmetric points appears to be the 

only significant predictor for the scoring.  

We also analyzed the intercept values for every score, 

which is the minimum percentage of global symmetry 

needed for achieving that score. Each intercept value 

was significant, with a different log-odds ratio for 

 

 
Cumulative 

Log-Odds 
p-value 

Standard 

Error 

95% Confidence  

Interval 

% Global: 1 - 5.6162 <2e-16 0.3910 [-6.3350 -4.8047] 

% Global: 2 - 7.0946 <2e-16 0.4414 [-7.9289 -6.1987] 

% Global: 3 - 10.2174 <2e-16 0.6134 [-11.4033 -8.9986] 

% Global: 4 - 15.4587 <2e-16 1.2505 [-18.0778 -13.1761] 

% Global: 5 - 37.4735 <2e-16 4.4088 [-45.9974 -28.7151] 

% Local -0.03613 0.854 0.1961 [-0.4205    0.3483] 

Orientation 

(Respect 0º) 
    

45º -0.1945 0.432 0.1951 [-0.2289 0.5358] 

90º -0.1961 0.759 0.2299 [-0.5210 0.3801] 

135º -0.6363 0.714 0.2213 [-0.5150 0.3527] 

Intercepts     

1 2.2809 <2e-16 0.2951 [1.6603 2.8170] 

2 4.1590 <2e-16 0.3503 [3.4223 4.8062] 

3 7.5210 <2e-16 0.5269 [6.4944 8.5593] 

4 13.6986 <2e-16 1.1488 [11.6064 16.1096] 

5 36.7368 <2e-16 4.3123 [28.1459 45.0498] 
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each intercept value. On each score, the slopes with 

respect to global symmetry were also significant, con-

firming that each score was determined by a different 

distribution (see Figure 3 below). 

3.2.1 Effect of global symmetry on symmetry 
scores 

As discussed beforehand, only the percentage of glob-

ally symmetric points resulted in a relevant predictor 

for establishing a symmetry score. 

Using the odds information (Table 2), we can create a 

model of predicted probabilities for image Y being 

scored j, given a global symmetry percentage 𝑥𝑖. We 

used the following formula (Eq 2a), extracted from 

Peterson & Harrell (1990): 

 

𝑃(𝑌 = 0|𝑥𝑖) = 1 − 𝐶𝑖1 

𝑃(𝑌 = 𝑗|𝑥𝑖) = 𝐶𝑖𝑗 − 𝐶𝑖𝑗+1 ,  j= 1, …, J-1 

𝑃(𝑌 = 𝐽|𝑥𝑖) = 𝐶𝑖𝐽 

 

where  𝐶𝑖𝑗 is the cumulative probability of Y being 

scored j or greater (0 correspond to not detect the cor-

rect symmetry axis), given a global symmetry per-

centage 𝑥𝑖 : 

 

𝐶𝑖𝑗 =  𝑃𝑟(𝑌 ≥  𝑗 | 𝑥𝑖)  =  
1

1+exp (−𝜏𝑖−𝑥𝑖
′𝛽−𝛼𝑖

′𝛾𝑗)
  

 

In the previous equation, 𝜏𝑖  represents the different 

intercept values, 𝛽 is a vector containing the regres-

sion coefficient associated with global symmetry, and 

𝛼𝑖
′𝛾𝑗 is an increment associated with the cumulative j-

th logit. 

In Figure 3, we plotted the fitted probabilities for each 

score using global symmetry as a predictor, using the 

formula described in Eq 2, with the histogram of the 

scores selected by the experimental subjects. We ob-

served a high correlation between the predicted prob-

ability density model using partial proportional odds 

and the experimental data. As can be seen, the most 

probable global symmetry value increases as each 

score increases. Also, the variance on the score distri-

butions tends to decrease as the score increases. 

Finally, it is noteworthy that the “5” score was only 

assigned to perfect symmetry, so its ranking shows a 

binary response due to subjects evaluating if there was 

some asymmetry present or not. This fact would pro-

duce for the top score a steep sigmoidal near 100% of 

global symmetry, as shown in Figure 3e. This fact 

also affects the rest of the score distributions, skewing 

them as they reach 100% of global symmetry. 

4 Conclusions 

Symmetry is a common feature of objects within our 

visual environments to which humans and other ani-

mals are highly sensitive. Despite our natural sensitiv-

ity for symmetry (Barlow & Reeves, 1979), we have 

found that locally-symmetric-patterns away from the 

center are not particularly relevant for symmetry axis 

detection and symmetry scoring. This indicates that 

symmetry perception is enhanced towards the center, 

following the main global symmetry axis lines, even 

when subjects are exposed to the stimuli for a long 

time. This may indicate that symmetry is not an im-

portant factor that guides fixations, although it might 

guide attention when an object is fixated.  

Detectability of symmetry is given by a sigmoidal re-

sponse to the percentage of global symmetric points, 

as indicated in Figure 2. This shows an approximately 

linear increase for mid global symmetry values that 

flattens for high and low values. 

From our data, we observe that the point of subjective 

equality (% of globally symmetric points with equal 

chances of being detected or not) seems to be 0.5; 

meanwhile, 0.4 of global symmetry is the minimum 

level of global symmetry which allowed subjects to 

identify correctly the axis of symmetry with higher 

chances than random (having 4 orientation options, 

the chance level is on 0.25). Meanwhile, the bias 

(probability of not detecting correctly the symmetry 

axis with 100% of symmetry) is near 0; these 0 biases 

start approximately at 90% of global symmetry. This 

could indicate to us that symmetry perception is a 

mechanism that follows a linear behavior but is robust 

to relatively big changes. Also, our results showed a 

significant increase in detectability of vertical sym-

metry compared to other orientations, as reflected in 

the positive log-odds ratio of Table 1. This finding is 

in accordance with previous research (Pornstein & 

Krinsky, 1985; Herbert & Humphrey, 1996), which 

states that the predominance for vertical symmetry is 

produced in humans from infancy and it possibly has 

a role in other high-level processes. 

(2a) 

(2b) 
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As our results show, symmetry and asymmetry per-

ception seem to be precise and flexible. As indicated 

in Table 2, each score has a significant intercept value 

(% global symmetry threshold), and the proportional 

odds assumption was not maintained on any scoring 

category. These facts could indicate that the weights 

which subjects assign to symmetry and asymmetry 

vary depending on the total global symmetry in the 

image. For images with little symmetry, symmetric 

pairs of points become more salient, meanwhile, for 

images with a high level of global symmetry, symmet-

ric points become less relevant and asymmetries be-

come the salient feature. 

Looking at Figure 3, the almost normal distributions 

of the different scoring probabilities are narrower on 

the right side (towards perfect symmetry) than on 

their left side (towards randomness), revealing that 

subjects tend to be more conservative judging sym-

metry than asymmetries. 

All these results agree with a view of mirror symmetry 

as a feature that its gradiations can be effectively per-

ceived on a continuous range of values. 
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