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Abstract 
Decision making is a combination of our positive anticipations 
from the future with the contribution of our past experiences, 
emotions and what we perceive at the moment. Therefore, the 
cues perceived from the environment play an important role in 
shaping the decisions. Contours, which are the hidden identity 
of the objects, are among these cues. Aesthetic evaluation, on 
the other hand, has been shown to have a profound impact on 
decision-making, both as a subjective experience of beauty and 
as having an evolutionary background. The aim of this 
empirical study is to explain the effect of contour types on 
preference decisions in the prefrontal cortex through risk-
taking and aesthetic appraisal. The obtained findings indicated 
a relation between preference decision, contour type, and PFC 
subregion. The results of the current study suggest that contour 
type is an effective cue in decision-making, furthermore, left 
OFC and right dlPFC respond differently to contour types.  
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Introduction 
  Decision-making is the judgment that emerges as a 
synthesis of many facts, such as past experiences and current 
emotions, that people make every day, consciously or 
unconsciously, in order to achieve the expected result. It has 
been shown that there are three main types of decision-
making: memory-based, value-based, and free-choice. In 
memory-based decision-making, the individual must 
remember the decisive cues for optimum decision, while 
value-based decision-making is based on reward and choice 
history (Funahashi, 2017). Long-term memory retains how 
well the output matches the emotional and targeted output 
from past experiences. In particular, survival in the wild 
depends on the flexible evaluation of threatening stimuli by 
processing perceived information from the environment. The 
precipitating experiences are never the same, and fear-
triggering cues from the past experience are used in future 
encounters that are sufficiently similar to the original event, 
thus the generalization is important as it affects current 
judgments. Hence, when similar cues are detected in future 
decisions and behaviors, the probability of the decision 
meeting the expectation is assured. (Asok, Kandel & 
Rayman, 2019; Lerner, et al., 2015).  Another factor that 
determines whether the preference is positive, or negative is 
the effects of aesthetic judgments that play a significant role 
in our lives when evaluated as object appraisal. Positive 
aesthetic judgments of perceived morphological features in 

terms of mate selection are an indication that the mate has 
good genes, and then the offspring will have a high 
probability of having good genes. (Henshaw, Fromhage, & 
Jones, 2022; Scheib, Gangestad, & Thornhill, 1999). The 
preference tendency is usually shaped by coded cues as 
positive outcomes experienced by the person in the past. 
Therefore, while making a choice or decision, it is estimated 
that future benefits will be obtained due to the positive 
expectation for the decision to be taken in the current 
situation. In this context, the aesthetic perception regarding 
beauty, preference, and pleasantness as an integral part of our 
daily life choices also seem to help us keep our future 
anticipations away from uncertainty and in a positive field 
(Reber, Schwarz, & Winkielman, 2004; Ryan, 2021; Smith, 
2005; Zaidel, 2015). Among the factors that allow us to 
perceive an object correctly are symmetry, prototypicality, 
contrast, complexity, and perceptual fluency. Furthermore, 
these factors affect the liking of visual objects (Reber et al., 
2004). The more familiar these factors are, the more positive 
our attitude towards that object becomes (Westerman, 
Lanska, & Olds, 2015).  In addition, contours are an 
important cue that helps us to estimate the potential shape of 
the objects we see around us by converting the two-
dimensional state of the objects into three-dimensional ones 
in our minds (Corradi, & Munar, 2020). When sharp and 
curved contours are considered, people tend to choose objects 
and shapes with curved contours, since sharp contours trigger 
the amygdala and create an implicit threat effect (Bar, & 
Neta, 2007). In addition, a liking for objects with curved 
contours has been shown in non-Western cultures, infants, 
and great apes, and this curvature effect has been shown to be 
universal.  Objects with curved contours were associated with 
more positive words and warmth, while sharp contours were 
associated with negative words and threats (Gómez-Puerto, 
Munar, Acedo, & Gomila, 2013; Jadva, Hines, & Golombok, 
2010; Munar, Gómez-Puerto, Call, & Nadal 2015;  Palumbo, 
Ruta, & Bertamini, 2015). While this pattern of preference 
basically has an evolutionary dimension as humans' instinct 
to avoid danger, it also seems to shape aesthetic perceptions 
for the same reason. 
  In light of all this information, the prefrontal cortex (PFC), 
which is the ultimate area of decision-making, plays an 
important role.  The processing, interpretation, and 
generation of the emotional response are influenced by the 
extensive connections between the amygdala, and the PFC, 
particularly the ventromedial (vmPFC) (Gold, et al., 2016). 
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Moreover, the orbitofrontal cortex (OFC) and amygdala are 
thought to play a role in altering signal-outcome relationships 
(Morrison, et al., 2011). It has been observed that the declared 
intensity of the aesthetic experience is inversely correlated 
with the strength of the medial OFC (mOFC) activation 
(Ishizu, & Zeki, 2011). On the other hand, the distinctive 
activity of the left dorsolateral PFC (dlPFC) is associated 
with the aesthetic perception of beauty.  In contrast, increased 
activity in the left dlPFC and decreased activity in the right 
dlPFC are associated with risk-taking in the context of loss, 
especially when it comes to protection (Huang et al., 2017). 
On the other hand, in a study in which left dlPFC activity was 
inhibited, increased activity of the right dlPFC was shown to 
increase risk preferences (Yang et al., 2017) This shows that 
the left dlPFC takes a more active role in utilitarian decisions 
(Zheng, Lu, & Huang, 2018).). However, the dlPFC has been 
shown to be essential for manipulating representations in 
working memory and reasoning, the left dlPFC for 
manipulating verbal and spatial information in working 
memory, and the right dlPFC for verbal and spatial reasoning 
(Barbey, Koenigs, & Grafman, 2013). Thus, the dlPFC has 
been shown to have executive functions in the decision-
making process. 
  It is known that sharp contours create an implicit threat, and 
curved contours predominate in the trend of preference (Bar, 
& Neta, 2007; Bertamini et al., 2016; Gómez-Puerto, Munar, 
& Nadal, 2016). Therefore, presenting these two contour 
types to the participants, this study has been prepared in order 
to investigate whether the preferences in their most primitive 
form are affected more by threat perception or aesthetic 
perception, or whether they will appear as a combination of 
both preferences. The aim of the current empirical study is to 
investigate the functional relationships between PFC regions 
during preference decisions to reveal whether the contour 
type affects aesthetic and threat perception. 
 

Method 
  Functional near-infrared spectroscopy (fNIRS) technique 
investigates hemodynamic changes in the cerebral cortex. 
The basic principle of the fNIRS technique is, light at 
wavelengths of 690-830 nm is sent to the cortex, this light is 
absorbed by the oxygenated and deoxygenated hemoglobin 
in the tissue, and some of it is scattered back. The returning 
signals, which provide functional contrast, are recorded with  
the detector (Fig1) (Ayaz et al., 2006; Karim, 2012; Peng, & 
Hou, 2021). In the current empirical study, the fNIRS 
technique was preferred because it provides a more 
comfortable environment for the participants due to its ease 
of use, and it provides the opportunity to easily record the 
hemodynamic changes in the PFC in the laboratory. The 
objective use of this technique was to perform a 
comprehensive study of the activations of the dlPFC, mPFC, 
and OFC in tasks. The images used in this study were 
conducted from the Bar & Neta Lab. These stimuli are objects 
used in daily life, containing the same semantic information 
and differing only by their sharp and curved contours, with a 
gray background and without any inherent positive or  

 
negative qualities (Fig2). In the survey, images with different 
contour types were shown in the same window and the 
participants were asked to choose which one they liked more. 
In the fNIRS experiment, these images were shown one by 
one, and then asked if they liked them. The purpose of this 
was to examine the activity changes in the PFC when the 
participants were examining and judging the contour types 
that have been shown by various studies to have different 
effects. In order to determine the general preference 
tendencies of the participants, a survey was conducted using 
pairs of images with sharp and curved contours in 250 
subjects as a preliminary study.   
 

 
Figure 2: Example of everyday object stimuli containing the 
same semantic information that differs only in contour type. 
 
The most and the average liked curved and sharp objects were 
examined. Twenty-nine participants (female:18, age:20-42) 
were tested. All participants have no mental or visual 
impairment, they were also not related to art. The participants 
completed the tasks consisting of 60 images by showing the 
image screen of 5 seconds, the decision-making screen of 3 
seconds, and the fixation screen of 8 seconds was given to 
reduce the hemodynamic changes to the baseline level (Fig3).  

Figure 1: On the left, the working principle of fNIRS, 
its application to the participant, and the placement of 
the optode and detectors, on the right, the placement of 
the channels at the prefrontal area has shown (İşbilir, et 
al., 2019). 
 
 
 

 



The keys participants needed to press to indicate liking or 
dislike were randomly switched in each block to avoid 
lateralization biases. The obtained data were analyzed with 
repeated-measures ANOVA.  
 

Results 
   In the current study, the relation between preference 
decisions, contour type, and PFC areas has been evaluated to 
clarify further understanding of aesthetic perception. The 
obtained data has been evaluated with a one-sided paired-
sample t-test and, showed that there is a significant relation 
between contour types and PFC areas. Two strategies were 
used to analyze the data, first, the entire duration of the task 
that included a visual presentation and decision blocks, and 
second, the visual presentation and decision blocks were 
analyzed separately. Analysis of the entire task showed 
significant increases in activity in regions corresponding to 
channels at HbR1 (p=0.008), HbR3 (p=0.07), HbR15 
(p=0.057), Oyx1 (p=0.021), and Oxy12 (p=0.055) in 
response to curved contoured objects. Analysis of the 
separate blocks showed increased activity in corresponding 
regions to channels at Oxy1 (p=0.012) for sharp contours, 
and at Oxy16 (p=0.69), HbR1 (p=0.003), HbR15 (p=0.007), 
and HbO13 (p=0.019) for curved contours in the decision 
block. The visual presentation block showed increased 
activity in corresponding regions to channels at hbr1 
(p=0.052), HbR3 (p=0.027), and HbO (p=0.082) for curved 
contours.  Furthermore, to assess the details of the relation 
between liking, contour type, and PFC areas repeated 
measures ANOVA was performed. According to 
deoxyhemoglobin (HbR) measurements (F(3,81)=2.225, 
p=.092, η2=.076), there was a relation with liking, contour 
type, and PFC areas. In terms of hemodynamic changes that 
fNIRS record, the HbO signal increases, and the HbR signal 
decreases when a task is performed. Thus, HbO and HbR 
measurements are negatively correlated (Lee et al., 2018). In 
the 1-2 channels corresponding to the left dlPFC showed an 
increase in HbR means in dislike of sharp contours (M=.021; 
SE=.009), and a decrease in dislike of curved contours (M= -
.005; SE=.012). In contrast, the HbR means of the 3-4 
channels corresponding to the left dlPFC was slightly 
decreased in disliking curved contours (M=.006;  SE=.012). 
Another interesting change in the dislike decision was 
recorded in channels 7-8 corresponding to the left OFC, 
where sharp contours (M=.017; SE=.010) showed an increase 
in HbR means and a salient decrease in decisions of curved 

contours (M= -.013; SE=.009). In the right PFC regions, a 
higher increase in dislike of sharp contours was recorded in 
channels 11-12 corresponding to the right mPFC regions, and 
in channels 15-16 corresponding to the right dlPFC region. In 
contrast, a slight increase in dislike of curved contours was 
recorded. In liking decisions, in 7-8 channels corresponding 
to the left OFC, a higher increase was recorded for curved 
contours (M=.016; SE=.010), while a milder increase was 
recorded for recorded contours (M= .007; SE=.009). The 
most dramatic difference, however, was in channels 15-16, 
corresponding to the of the right dlPFC, with a bold increase 
in the likes of curved contours (M=.035; SE=.012) and a 
slight increase in the likes of sharp contours (M=.006; 
SE=.016) (Fig 4). 
 

 
Figure 4: The figure presented herein displays the average 
HbR measurements, where comparisons were made between 
preference and contour types using Multivariate Tests. 
 
Discussion 
  Decision-making is a complex cognitive process that 
involves the evaluation of various perceptual cues and 
associated reward values, resulting in the generation of 
judgments and the achievement of anticipated goals. Thus, 
the primary region involved in decision-making and 
executive control is the prefrontal cortex (Rouault, 
Drugowitsch, & Koechlin, 2019). In addition to these factors, 
incidental emotions also exert a significant influence on 
decision-making processes (Lerner, et al., 2015). Contour 
types, on the other hand, as low-level visual cues are an 
indispensable part of the object's identity. These types help 
individuals to evaluate the surroundings in a two-dimensional 
visual world by leading a conversion to a three-dimensional 
world in the brain (Corradi, & Munar, 2020). Accordingly, as 
mentioned before the sharp contours conveys an implicit 
threat, they shape the decisions. The decisions made in this 
study were primarily motivated by risk, as the employed 
stimuli elicited an implicit perception of threat. Hence, the 
preferences of the participants will be interpreted from two 
perspectives, namely aesthetic evaluation and risk evaluation. 
Moreover, the integration of these two dimensions is 
meaningful for a comprehensive understanding of the effect 
of contour types on the decision-making processes involved 
in the current study. Adhering to this perspective, analysis of 
the entire duration of the task indicated a significant decrease 
in activity at the left dlPFC specifically for curved contours 

-0,05

0

0,05

  1-  2  3 -  4   5 -
6

  7 -  8  9 -
10

  11 -
12

13-14 15-16

Means of HbR Measures

Dislike Sharp Dislike Curved Like Sharp Like Curved

Figure 3: Task block of the fNIRS experiment for a 
stimulus. 



than sharp contours. Whereas, the distinguishing of the task 
into the visual presentation and decision task indicates that 
increased activity at both left and right dlPFC was significant 
in the decision task whereas left dlPFC is significant in the 
visual presentation task for curved contours than sharp 
contours. It has been shown that the increased activity in the 
left vlPFC and dlPFC was linked to the moderating influence 
of cognitive reappraisal of incidental emotions on decision-
making (Morawetz, 2019). While the arousal aspect of 
sensory stimuli is associated with the vmPFC, balancing the 
value of emotions is closely linked to the dlPFC (Nejati, 
2021). With this respect, current results are in line with the 
empirical findings in accordance with that increased activity 
at the left dlPFC for the decision to dislike objects with 
curved contours. More specifically, the increased activity in 
the left dlPFC caused by the dislike of curved contours may 
be related to risk-taking behavior rather than aesthetic 
evaluation. This empirical finding is interesting for further 
studies, as the experience of beauty is associated with higher 
activity in the left dlPFC and negatively correlated with the 
finding that people tend to evaluate objects with curved 
contours as more aesthetically pleasing (Gómez-Puerto, 
Munar, & Nadal 2016, Cela-Conde 2004). On the other hand, 
the current findings are consistent with previous research that 
shows the involvement of the dlPFC in tasks that require 
active manipulation of visual stimuli (Barbey., Koenigs, & 
Grafman, 2013). Judgments made for sharp contours, on the 
other hand, cause decreased activity in the left dlPFC, which 
is a finding that can be evaluated in the future. 

 The OFC integrates sensory information from the amygdala 
to evaluate the expected value of an outcome and to 
determine its rewarding properties (Wallis, 2007).  
Furthermore, it has been shown that before a decision is made 
explicitly, OFC activity seems to influence it unconsciously 
(Soon, 2008). It has also been shown that the mOFC does not 
activate for ugliness, and may have an important role in 
monitoring the outcome of externally directed actions and 
modifying stimulus-reward relations (Ishizu, & Zeki, 2011; 
Walton, Devlin, & Rushworth, 2004). Therefore, it would be 
consistent to infer that ugliness has not had favorable 
outcomes in this region for aesthetic and objective 
experiences. The decreased activity in the left OFC observed 
in the disliking condition of sharp contoured objects, on the 
other hand, seems to be consistent with the finding that the 
ugliness causes the activity of the mOFC to decrease. 
However, the fact that dislike for objects with curved 
contours caused increased activity in the left OFC, which 
might indicate a possible conflict in monitoring stimulus-
reward relationships. Nevertheless, liking sharp contoured 
objects resulted in a subtle increased activity at the left OFC. 
This may be due to personal experience with the beauty of 
such objects or the role of the OFC in monitoring stimulus-
reward expectation and risk-taking behavior (Rolls, et al., 
2022; Walton, et al., 2004). Since sharp contours are 
inherently perceived as a threat, the increased levels of neural 
activity in the left OFC suggest that aesthetic evaluation is 

not the only factor that influences decision-making in the 
context of the current design.  Additively, disliking the 
curved contours caused increased  levels of neural activity 
OFC, whereas decreased  levels of neural activity in the liking 
decisions may be an important finding supporting the current 
suggestion. Disliking the curved contours caused increased 
levels of neural activity at 1-2 channels whereas decreased 
levels of neural activity at the 3-4 channels which both 
correspond to left dl PFC. In this case, the liking decisions of 
curved contours seem to reflect the judgment as to whether it 
is utilitarian to dislike rather than a positive aesthetic 
judgment. 

  The PFC forecasts the effects of one's own actions with 
guidance from the mPFC, particularly the vmPFC (Bechara, 
& Damasio, 2005). With this respect, the analysis of the 
separate blocks implies that there is a suggestive relation 
between decreased  levels of neural activity in the right dlPFC 
for curved contours in the decision block. Additionally, liking 
sharp contoured objects led to a greater decreased  level of 
neural activity at the right mPFC compared to disliking 
objects with curved contours. This suggests that disliking 
curved objects may be a conflict with survival instincts, 
leading to an evaluation of the emotional and personal 
consequences of this decision. Moreover, the activity of the 
mPFC for both like and dislike decisions suggests that it 
coincides with the finding that the mPFC is a causally 
relevant region for aesthetic appraisals (Ferrari et al., 2017). 
Liking objects with sharp contours resulted in lesser 
increased levels of neural activity in the right dlPFC 
compared to liking curved contours. This might be due to the 
right dlPFC being involved in maintaining alertness and 
visual reasoning, which may overlap with processing sharp 
contours (Barbey, et al., 2013; Mannarelli et al., 2015). 
Another interesting result of the current study was that the 
right dlPFC showed opposite activations in decisions to 
dislike sharp contours and to like curved contours. This 
change supports the empirical finding from the related 
literature that the increased activity of the right dlPFC 
significantly increases risk preference (Yang et al., 2017). 
Thus, the current empirical study is also appropriate for the 
interpretation that risk decisions may be associated with 
increased activity in the vmPFC and right dlPFC relative to 
aesthetic decisions. 

  In conclusion, considering that objects with different 
contour types are a sign of liking decisions, it seems that the 
decision-making of objects with sharp contours requires 
more processing in the PFC regions, unlike their curved 
counterparts. In particular, the variable activations of the left 
OFC and the right dlPFC in liking decisions emphasized that 
it is more important to measure the accuracy of the decision 
to be made. In addition, the fact that the participants like 
objects with curved contours, and that the aesthetic 
experience is positive, contributes to the idea that it has a role 
in eliminating the uncertainty for the future. In light of all 
these findings, the projections of preference decisions in the 



PFC seem to be determined by what we dislike most rather 
than what we like best. The current data shows that there is a 
relationship between contour types and both aesthetic and 
threat perception thus on decision-making however, 
additional research is needed to gain a more comprehensive 
understanding of this observation. 
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