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In this work, the relationship between self-confidence and total reaching time to optimal data on 

the brain are investigated. This paper claim, the representation of data is very important to reach 

the optimal data. Thanks to today's technological developments, it is observed that the 

relationships between the brain's behavior in data processing and the microprocessors based 

behaviors are stronger. According to some researchers in the area of neuroscience, one of the 

main reasons for Alzheimer's is the storage of excess amounts of data in the brain. The term of 

curse of dimensionality says that there is always an optimal size of data that is stored or 

represented in space. The total amount of time spends at the data breach process can be 

increased when the optimal size of data changed in the process of accessing data. This article 

contains information about how two famous phenomena in different fields actually contain a link 

between each other. One of them is the curse of the dimensionality of the machine learning area, 

the other one Dunning Kruger effects at the area of behaviors. One of them is the curse of 

dimensionality in the area of machine learning, the other one is Dunning Kruger effect in the area 

of behavior science. The brief representation of the proposed work is shown in Figure 1. In this 

figure, the term of performance is equal to the amount of successful classification or recognition 

to computation time ratio according to the machine learning area. 

 

 

Figure 1.The curves about Dunning-Kruger and Curse of Dimensionality 

 

Experience and number of feature or dimension of information is a similar term for different areas 

such as neuroscience and machine learning. According to this similarity,  the term of confidence 

is highly related to total reaching time of specific data on the brain. This transition between 

behavioural science and machine learning science can be interpreted in the light of the concepts 

of information theory and entropy. 
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Species earn different evolutionary characteristics depending on geographical location of their 

natural habitats. Therefore, it is also expected that Apis mellifera subspecies show different 

behavioral or immune responses against external factors.  Honey bee keepers use pesticides 

to protect their bees from parasitic Varroa mites to maintain their commercial usage. Varroa 

mites harm honey bees via several ways including causing developmental abnormalities when 

infected during larval stages, malnutrition and weakening of adults and most importantly, being 

vectors for many viruses harmful to bees. Perizin is an acaricide used to control Varroa  

infestations in honey bee colonies and it includes coumaphos as active ingredient. Previous 

studies showed that sub lethal doses of Perizin and coumaphos cause behavioral impairments 

in honey bees. We previously found that sublethal Perizin administration causes behavioral 

impairment in native syriaca (Syrian honey bee) subspecies of honeybees while caucasica  

(Caucasian honey bee) subspecies seem to be resistant to behavior altering effects of Perizin.  

To reveal the mechanisms of this difference at genetic level, were first behaviorally tested, 

then individual brain and gut tissues of Perizin exposed treatment and control groups of 

Caucasian and Syrian honey bees were collected and marker gene expression differences 

were measured via qRT-PCR. The genes whose relative expression changes measured in 

brains were; nicotinic acetylcholine receptor, muscarinic acetylcholine receptor, vesicular 

acetylcholine receptor, GABA receptor subunit beta, GABA type B receptor subunit 1, GABA 

type B receptor subunit 2; and the genes whose relative expression changes measured in gut 

tissues were cytochrome P450 9E1, cytochrome P450 9E2, and cytochrome P450 9E3. Total 

of 24 bees and 48 individual tissues we used, and 3 qPCR technical repeats were performed 

in the experiment flow. A near significant effect of Perizin exposure was found in GABA type 

B receptor subunit 1 when two subspecies were analyzed together on brain tissues. In midguts, 

cytochrome P450 9E1 expression was found to be significantly decreased in syriaca 

subspecies compared to caucasica.  
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Lack of motivation can affect everyone in the modern world, with consequences ranging from              
poor work and school performance to decreased family functioning. Thus, it is important to              
understand the mechanisms of motivation and devise personalized treatments. Traditionally,          
motivational and other psychological states in humans are measured with questionnaires.           
However, none of the current questionnaires can distinguish between motivation and pleasure,            
two components of the reward system. This is in contrast to how the brain works which employs                 
the dopamine system to mediate effortful motivation and the opiate system to mediate pleasure.              
Importantly, deficits in either system require a different treatment and thus it is pertinent that we                
can distinguish between these psychological states. To address this issue, our group has             
developed a novel questionnaire (HEFFORT) that we administered to a representative sample            
of Istanbulites varying in age, income, and lifestyle. We tested the hypothesis that HEFFORT              
can separate motivation from pleasure. First, we explored the relationships between the novel             
and validated questionnaires using Spearman correlations. Second, we developed an algorithm           
that predicts individual differences in effortful motivation using unsupervised machine learning           
clustering techniques. Third, we determined the accuracy of the predictions by testing the             
algorithm on a separate testing dataset. Our results show that HEFFORT is reliable and able to                
distinguish between effortful motivation and pleasure. Future testing and use can establish            
HEFFORT as a research and clinical diagnostic tool that assesses different components of             
reward. 
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Abstract 
Processing information in relation to oneself (i.e., self-

referencing) yields superior memory and affects false 

recognition elicited in the Deese-Roediger-McDermott 

(DRM) paradigm. It leads to an increase in the rate of false 

and true recognition and to the ability to identify their 

sources. Similarly, referencing an emotionally meaningful 

person such as a family member or a close friend (close other-

referencing) might also result in superior memory and 

memory distortions relative to referencing an unknown 

individual. That is, the self-referencing effect on memory can 

be extended to well-known and emotionally meaningful 

others. The present study aimed to investigate the effect of 

self, close other, and unknown other-referencing on true 

recognition, false recognition and source monitoring at the 

DRM task. Undergraduate students were tested in the DRM 

paradigm to elicit false recognition and source monitoring. 

Results showed that items paired with the self and a close 

other had higher true and false recognition, source attribution, 

and source misattribution scores than the unknown other 

reference and no reference conditions. The findings suggest 

that the effect of not only the self but also the others in 

relation to the self is critical in false memories and source 

monitoring. 

Keywords: self-reference; false recognition; source monitoring. 

 

Encoding and retrieving information related to the 

“self” leads to a better memory performance than processing 

any other types of information. This phenomenon was called 

the self-reference effect (SRE) by Rogers, Kuiper, and 

Kirker (1977)  relied on the levels of processing framework 

for memory (Craik & Lockhart, 1972; Craik & Tulving, 

1975). The self provides a deeper rather than shallow 

processing (greater semantic involvement), which leads to 

rich encoding processes. Compared to other information, 

greater activation occurs in the common brain regions 

(Yaoi, Osaka, & Osaka, 2015), and a unique neural basis 

(Yamawaki et al., 2017) is activated for self-related 

information. Further, SRE does not only exist when the 

memory is paired with the individuals themselves but those 

who are linked to them (Serbun, Shih, & Gutchess, 2011). 

The advantages of SRE has been found in recollection 

(Conway & Dewhurst, 1995), memory for details (Serbun et 

al., 2011), and memory for items (Gutchess, Kensinger, 

Yoon, & Schacter, 2007). Recently, researchers have started 

to study its effect on false memories (Pitarque, Sales, 

Satorres, Redondo, & Melendez, 2017; Wang, Otgaar, 

Howe, & Zhou, 2018) and source monitoring (Leshikar & 

Duarte, 2014; Rosa & Gutchess, 2011).  

False memories are defined as “remembering the 

events that never happened, or remembering them quite 

differently from the way they happened” (McDermott & 

Roediger, 1995, p. 103). In recent years, researchers have 

devoted considerable attention to SRE in false memories. 

While some studies show an increase in true memories and a 

decrease in false memories (Pitarque et al., 2017), others 

suggest an increase in both true and false memories when the 

information is self-relevant (Rosa & Gutchess, 2013; Wang 

et al., 2018). Further, there is evidence that individuals often 

confuse to distinguish the actions of themselves with a well-

known person (Lindner, Schain, Kopietz, & Echterhoff, 

2012). However, no study, to our knowledge, have 

questioned whether SRE on false memories could be 

extended to the people who are linked to the self. 

SRE is shown to be effective on source monitoring; 

being able to discriminate the source of a memory (Johnson, 



Hashtroudi, & Lindsay, 1993). Individuals are more 

successful at identifying the source of a memory if it is linked 

to the self (Carroll, Davis, & Conway, 2001; Hamami, 

Serbun, & Gutchess, 2011). Although, to our knowledge, 

there is only one study that examines whether linking 

information to a close other enhances source monitoring as 

well. Rosa and Gutchess (2011) found that individuals are 

more accurate at remembering the source of their own actions 

and the closed ones compared to an unknown person. It is 

unclear, however, whether this effect is unique to actions or 

could be generalized to other types of information. 

The present study aimed to replicate the findings of 

previous studies that have suggested SRE influence false 

memories (e.g., Pitarque et al., 2017; Rosa et al., 2015; Wang 

et al., 2018) and to examine whether this effect could be 

extended to close others as using the Deese-Roediger-

McDermott (DRM) paradigm. We also aimed to examine the 

effect of self and close other references on source monitoring. 

Based on the work of Wang et al. (2018), we predicted that 

items presented in the self-reference condition would 

increase both true and false recognition, and the same effect 

would be observed in referencing a close other. Lastly, based 

on the previous studies (Rosa & Gutchess, 2011), we 

predicted not only an increase in the rates of true and false 

recognition but also an enhanced source monitoring ability 

for the self and close other referenced items comparing to the 

unknown other person and no-referenced items. The study 

offers some important insights into the complicated effect of 

not only the self but also the close others on true recognition, 

false recognition, and source monitoring on the DRM 

paradigm. Therefore, benefits of SRE, if there is any, would 

be extended to closely related others such as close friends or 

family members. 

 

Method 
Participants  

Fifty-nine undergraduate students (nine males, 

Mage= 21.58, SD=1.95) from Tekirdağ Namık Kemal 

University participated in the study and were compensated 

with 15 Turkish Liras. One participant is excluded from the 

analyses for technical problems and eight participants for the 

inability to follow the instructions. 

 

Materials and Procedure 
Participants visited a laboratory for an in-person 

session. After signing an informed consent form, they were 

asked to fill in a demographics questionnaire in which they 

provided their own name and the name of a person whom 

they have a close relationship with (e.g., a family member or 

a close friend). After, they completed the Deese-Roediger-

McDermott (DRM) recognition task on a computer screen 

using OpenSesame Software (Mathôt, Schreij, & Theeuwes, 

2012). In the study phase, 24 DRM lists with 12 words 

randomly selected from Tekcan and Göz (2005) were used. 

Items within the word lists were presented in one of the four 

conditions: paired with the name of the participant (self-

reference), the name of a loved one (close other-reference), 

the name of an unknown person (unknown other-reference), 

or alone (control). For the unknown other reference 

condition, the name “Sayer” was used as it is unlikely to be a 

name in Turkish. The reference condition of the lists was 

counterbalanced across participants. After the study phase, 

participants played “Bejeweled” for 5 minutes as a filler task.  

In the test phase, 24 critical lures (associated with 

the studied items and not presented on the study phase), 48 

old words (studied items from the 3rd and 10th order of each 

list), and 48 new words (semantically unrelated with the 

studied items) were presented at the center of the screen. 

Participants decided whether the word had been presented 

during the study phase by selecting “remember,” “know,” or 

“new” options. When the “remember” or the “know” option 

was selected, a follow-up question asking the reference 

condition (self, close other, unknown other, or alone) of the 

word appeared on the screen. If the “new” option was 

selected, no additional question was asked. The session was 

concluded with a debriefing. 

 

 

Results 
Recognition rates 
 Remember and Know responses were combined 

together for the “old” responses. True recognition rates were 

calculated as the proportion of correctly recognized old items 

within each reference condition. False recognition rates were 

calculated as the proportion of critical lures incorrectly 

recognized old within each condition.  

 A 4 (Reference type: self, close other, unknown 

other, control) × 2 (Memory type: true vs. false) repeated 

measures ANOVA was conducted on recognition rates. We 

found a significant main effect of reference, F (3,147) = 

13.769, p < .001, ηp2 = .22. Bonferroni post hoc tests indicated 

that the self-reference condition had higher true and false 

recognition rates than the unknown other-reference (p < .001) 

and the control condition (p < .001). The close other reference 

condition also had higher true and false recognition rates than 

the unknown other-reference (p < .01) and the control 

condition (p < .01). The self-reference condition did not differ 

from the close other reference condition, and the unknown 

other reference condition did not differ from the control 

condition. There was no significant main effect of memory 

type, F (1,49) = 0.699, p = .41, showing equivalent level of 

true and false recognition rates. The interaction was not 

significant, F (3,147) = 1.245, p = .296, indicating that the 

self-reference effect is similar in both true and false 

recognition. 



 
Figure 1: True and false recognition rates in self-reference, 

close other-reference, unknown other-reference, and control 

conditions (Error bars stand for standard errors). 

 

Source attributions and misattributions 
A one-way repeated measures design was used with 

encoding conditions (self, close other, unknown other, and 

control) as within-subject factors. Source misattribution was 

calculated as the proportion of misattributed source 

classifications among the number of target items. CSIM, 

based on accurate item recognition, was computed as the 

proportion of accurate source classifications to correctly 

recognized old words (i.e., hits; Murnane & Bayen, 1966; 

Bröder & Meiser, 2007). 

For the studied words, there was a main effects of 

reference types on source monitoring in terms of CSIM, 

respectively F(3, 147) = 18.34, p < .001, ηp2 = .46, F(3, 147) 

= 12.35, p < .001, ηp2 = .20. CSIM was higher for self-

reference condition than unknown other reference and 

control condition (respectively p < .001, p = .001). Similarly, 

CSIM was higher for close other reference condition than 

unknown other reference and control condition (respectively 

p < .001, p = .002). However, self-reference condition 

provided no CSIM benefit compared to close other-reference 

condition (p > .05). Similarly, CSIM did not differ between 
the unknown other reference and control condition (p > .05).  

 

Table 1: Means (Standard Deviations) of the Encoding 

Conditions for the Studied Words 

Encoding 

Condition 

Conditional 

Source 

Identification 

Measure 

Confidence 

Intervals (CIs) 

Self 0.62 (0.22) 0.37, 0.52 

Close other 0.63 (0.29) 0.39, 0.57 

Unknown other 0.38 (0.29) 0.23, 0.36 

Control 0.42 (0.27) 0.16, 0.28 

 

Source misattribution scores included critical lures 

that were falsely recognized. For the critical lures, there was 

a main effect of reference type on source monitoring in terms 

of source misattribution F(3, 147) = 15.02, p < .001, ηp2 = .24. 

Bonferroni post hoc tests showed that source misattribution 

was higher for self-reference condition than unknown other 

reference and control conditions (respectively p = .018, p < 

.001). Similarly, source misattribution was significantly 

higher for close other reference conditions relative to 

unknown other reference and control conditions (respectively 

p < .001, p < .001). However, there was no difference 

between self and close other reference conditions (p > .05) 

and also between unknown other reference and control 

conditions (p = .41). 

 
Figure 2: Source misattributions in self-reference, close 

other-reference, unknown other-reference and control 

conditions (Error bars stand for standard errors). 

 

Discussion 
SRE on both false memories and source monitoring 

has been documented in previous studies. Up to now, far too 

little attention has been paid to the limits of SRE. That is 

whether SRE is unique to the self or could be extended to the 

others who are linked to the self. The main goal of the current 

study was to examine the SRE (the effect of both self and a 

self-related other) on true recognition, false recognition, and 

source monitoring. We replicated the research design of 

Wang et al. (2018) with an additional condition (close other-

reference) and using an unfamiliar name instead of a famous 

person or a common name for the unknown other reference 

condition to control potential feelings of the participant to the 

referenced name. Wang et al. (2018) found that self-

referencing compared to referencing a famous person or a 

common name leads to an increase in both true and false 

memory. Consistent with the previous studies (Wang et al., 

2018; Zhang, Johndro, Budson, & Gutchess, 2019), in the 

present study, SRE improved true recognition albeit 

producing false recognition which suggests that both memory 

types originate from similar mechanisms. Close other-

referencing condition, also, had a similar effect on both true 

and false recognition scores. As suggested in the memory 

literature (Serbun et al., 2011; Yamawaki et al., 2017) SRE is 

not limited to the self but comprises the others who are 

closely linked to the self. We also found that individuals were 

more accurate at remembering the source of the self and the 

close other referenced items compared to unknown other 

referenced and unpaired (control) items. Interestingly, the 

source of the falsely recognized critical lures that belong to 

the self and the close other reference lists were more likely to 

be recognized than the unknown and no reference conditions. 

Therefore, SRE was found in the source of false memories as 

well. The activation-monitoring theory (Roediger, Watson, 

McDermott, & Gallo, 2001) establishes that during the 
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encoding process, not only the items from the external 

sources but also semantically related items from inner 

sources are activated. Therefore, when individuals retrieve 

the information, they are confused about the source of these 

items. Because individuals have deeper and more systematic 

information about themselves working as a grand schema 

(Rogers et al., 1977), in the present study, self and close other 

references activated a higher number of semantically related 

items than the other two conditions so that source 

misattribution rates might be increased. A further study could 

assess the effect of explicit and implicit referential conditions 

on false memories and source monitoring, by using the 

implicit and explicit mode of self-concepts (Mattavelli, 

Richetin, Gallucci, & Perugini, 2017). 
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How does the contour type and (ir)regularity of configuration influence the strength of crowding? 
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Visual crowding refers to poor target identification performance due to the presence of similar              
flanking objects. This study is aimed to investigate the effect of contour type (sharp vs curvy)                
and configuration type (random, regular, irregular) in crowded scenes. We compared reaction            
times (msec) and accuracy rates (percentile) as outcome variables. We hypothesized that the             
sharp-edged contours should be reacted faster for and more accurately compared to the curved              
ones due to assumption of hierarchical and pooling models that sharp-edged contours have             
identification advantage due to comprising simple lines to form a big triangle. We also expected               
that random configuration trials to have better outcome rates compared to regular and irregular              
ones because grouping can make detection of the target harder due to the similarity between               
target and flankers. Results of the previous experiment have confirmed the hypothesis that the              
advantage of sharp-edged contour was obtained from both the accuracy and reaction time             
analysis. Neither of the main effects of contour or configuration was reflected on the reaction               
times. The current experiment was motivated to find the effect of high-level stimulus features by               
adding an incongruent contour type to smooth and regular configurations. Our results indicated             
the advantage of sharp-edged contours and random configurations in crowded scenes for            
identification performance. 
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Introduction 

The idea that the retrieval of memories did not reflect the 

exact copy of the first memories was introduced as 

reconstructive memory (Smelser, Baltes, & others, 2001). 

Even if people can recall their memories accurately for most 

of the experiences, the recollection of memory may include 

errors because of the reconstruction. People become more 

susceptible to false memories, due to various factors such as 
exposure to the misinformation after the original event 

(Roediger, Jacoby, & McDermott, 1996).  

Lately, Sanchez and Naylor (2018) made an argument that 

“fluency,” the subjective experience of ease of completing a 

mental task (Oppenheimer, 2008), might be another factor 

that has an influence on susceptibility to false memory. 

They found that people are more likely to recall false words 

in a disfluent condition than those in the fluent condition 

when they are exposed to a false memory paradigm named 

as the Deese-Roediger-Mcdermott (DRM) paradigm. 

These findings produce a new question as to whether people 

would be more open to having false memories in fluent or 
disfluent conditions in the misinformation paradigm. In the 

misinformation paradigm, participants are first presented 

with the original event. Then, they are presented with 

suggestible information that is not included or contradicts 

with the original event. Finally, participants are asked to 

recite the original event. Research shows that participants 

typically integrate details from the misinformation phase 

into their retrieval of the original event (Loftus, 1975; 

Weinstein & Shanks, 2010).  In this case, the main question 

is if the initial encoding of a crime of an eyewitness is 

perceptually disfluent, and later  they are presented with 
misinformation, would the eyewitness be more or less open 

to integrating the misinformation to their original memory 

of crime? The first aim of the current study was to 

investigate whether the perceptual fluency of the event 

affects the reconstruction of true and false memories.  

Fluency also affects people’s predictions about their future 

performance. When the information is perceptually more 

fluent, participants mistakenly believe they will remember 

the information more than disfluent information (Besken & 

Mulligan, 2013; Rhodes & Castel, 2008). The second aim of 

the current study was to investigate how perceptual fluency 

affects memory predictions.  

 

General Method 

In the current study, materials from Okado and Stark’s 

(2003) experiment were used. In the original encoding 

session, participants were exposed to eight stories with fifty 

images. Half of the stories were presented in a fluent 

condition with intact pictures, whereas the other half were 

presented in a disfluent condition: images masked with a 

checkerboard pattern. Each image was presented for 4000 

msec with a 500-msec inter-trial interval (ITI).  
In the misinformation encoding phase, participants were 

presented with the changed version of eight stories. All 

images were presented in their intact form, regardless of 

whether they were presented in fluent or disfluent forms 

during the initial encoding phase. Each story had 12 

changed details to produce the misinformation 

manipulation. For instance, in the robbery vignette, the thief 

crushed the door of the car via a credit card in the original 

encoding phase, whereas he used a hanger in the 

misinformation phase. Participants were told that the aim of 

the study was to see how multiple encodings of the same 

story may change memory performance without being 
revealed that some of the details had changed. During these 

two phases, participants were also informed about the end of 

each story via written instructions after each story. After the 

instruction, participants decided when they moved to the 

next story by themselves in order to provide them with time 

to rest. 

During these encoding and misinformation phase, 

participants were asked to pay attention to the details of the 

images. While studying each image, participants were asked 

to make item-by-item memory predictions about their future 

performance. After being presented with each picture, 
participants gave scores for how sure they are whether they 

would remember the item on a later memory test on a scale 

from 0 (not confident that I will remember this at all) to 100 

(quite confident that I will remember this on a later memory 

test). The experimenters warned the participants to use the 

whole scale while making their judgments. After encoding 

and misinformation sessions were completed, participants 

were given Sudoku tests for fifteen min. as a distractor task. 



Sudoku tests (medium level) were created on the 

www.printmysudoku.com website.  

In the test session, participants completed a multiple-choice 

recognition memory test with 18 questions for each story 

(144 questions in total). Twelve of the questions were 
related to 12 critical items. In each question of the 

recognition test, participants were presented with the 

information from the encoding phase, misinformation phase, 

and some new information (foil item) as options. They were 

asked to choose the correct answer in line with the details 

from initial presentation of the event (encoding phase). In 

other words, the questions had three alternative forced-

choice (3AFC) recognition tests: original item, 

misinformation item, and novel/foil item. The other six 

questions were control questions with two foil and one 

correct choice. All stories were tested in the same order they 

were presented during the encoding phase to hold the time 
difference between encoding and test phases equal for each 

story. Participants were instructed to give their responses by 

thinking about the images that they saw in the encoding 

phase. 

Experiment 1 

The study was conducted, keeping in line with the 

instructions from the general design. We hypothesized that 

perceptually fluent images would receive higher memory 
predictions than disfluent images. Moreover, the 

misinformation for the disfluent images would be integrated 

into actual memory performance than fluent images.    

 

Results 

Accuracy. The average accuracy of Experiment 1 including 

critical and control questions was .55. A paired samples t-

test revealed that there was a significant effect for fluency, t 

(55) = 4.66, p < .001, d = .62. Fluent items (M = .58, SD = 

.09) produced higher memory performance than disfluent 

ones (M = .52, SD = .1). The accuracy comparison was also 
done separately for critical and control items. The analysis 

for critical and control items revealed that the accuracy rates 

for fluent items were higher than the disfluent items, 

tcritical(55) = 4.31 , p < .001, d = .58  tcontrol(55) = 2.64 , p < 

.001, d = .35. To further investigate the memory 

performance, the corrected hit rates were calculated by 

subtracting false alarm rates (foil + misinformation) from hit 

rates. The comparison of fluent and disfluent conditions for 

corrected hit rates showed that participants produced higher 

hit-rates for the fluent items (M = .12, SD = .24) than 

disfluent items (M = -.006, SD = .21), t(55) = 4.32 , p < 

.001, d = .58. 
 

False Memories. After calculating each participant’s false 

memory and foil rates in fluent and disfluent conditions 

separately, 2 [fluency (fluent vs. disfluent) x 2 types of 

response (false vs. foil)] within-subjects design ANOVA 

was conducted. The significant main effect of types of 

response revealed that the misinformation phase created 

false memories, F (1, 55) = 492.97, p < .001, ηp2 = .9. In 

other words, participants were more likely to choose 

misinformation choices (Mdf = 69, Mf = 71) than foil 

choices (Mdf = 31, Mf = 30). There was no significant main 

effect of fluency F (1, 55) = 3.11, p = .08, which revealed 
that fluency did not change the percentage of foil and 

misinformation responses. Moreover, there was no 

interaction effect. The fluency and types of responses did 

not affect each other. There was a significant difference in 

the accuracy percentages between fluent and disfluent 

conditions, whereas there was no significant difference in 

the false memory percentages between the conditions. 

Therefore, it was crucial to discuss the possible reasons why 

we could not find false memory differences. One of the 

reasons might be the high percentage rate of false memory 

in total (Mdisfluent = .69, Mfluent = .71), which might make the 

difference between the groups invisible, if any.  
 

JOLs. Before analyzing, the JOLs which were not 

appropriately given (e.g., not in the range of 0-100, not in 

the number format) were eliminated from the data. Based on 

the rules, the .002% of JOLs in the encoding phase and 

.003% of JOLs in the misinformation phase were excluded 

from the data.  

A paired samples t-test with the average JOLs revealed that 

people were more likely to predict that they would not 

remember the details in disfluent images (M = 60.2, SD = 

2.35) as much as fluent images (M = 63.3, SD = 12.22), 
t(55) = 3.30 , p = .002, d = .44. So, perceptual disfluency 

made people think they would not remember the items well 

when they experienced difficulty in perceiving the items, 

meaning that their prediction was accurate. 

The JOLs in the misinformation encoding phase were 

divided into two groups as JOLs for fluently presented items 

in the original encoding phase and JOLs for disfluently 

presented ones in the original encoding phase. As a 

reminder, all the materials were presented fluently in the 

misinformation encoding phase. So, while participants were 

giving the JOLs, they saw the images in fluent conditions in 

which they were presented either in fluent or disfluent 
conditions beforehand. Interestingly, a paired sample t-test 

revealed that there was a significant difference between the 

fluently presented items and disfluently presented items, 

meaning that participants gave higher JOLs for the fluently 

presented items (M = 66.5, SD = 2.46) than the disfluently 

presented items (M = 64.6, SD = 2.52), t(55) = 2.18 , p = 

.03, d = .29. The results might be important to show that 

people’s first judgment for material could affect later 

judgments. 

Since the materials were presented fluently, the overall 

JOLs’ means in the misinformation phase were higher than 
the encoding phase. However, it might be critical to 

understanding whether the increase in JOLs changed across 

groups (fluently presented vs. disfluently presented in first 

encoding) in order to reach further interpretation. A 2 [first 

presentation fluency (fluent vs. disfluent)] x 2 [presentation 

time (first vs. second)] repeated-measures ANOVA was 



conducted. There was a main effect of first presentation 

fluency; fluent items were given higher JOLs, F(1, 55) = 

9.24, p = .004, ηp2 = .14. There was also the main effect of 

presentation time; the items were given higher JOLs in the 

second presentations F(1, 55) = 7.53, p = .008, ηp2 = .12. 
There was no significant interaction effect between the 

variables.  

Experiment 2 

Since the mere act of making JOLs might influence memory 

performance in terms of the accuracy and false memory 

rates, memory predictions for both encoding and 

misinformation phase were excluded from this study. No 

other changes were made.  

Accuracy. The total average of accuracy percentage in 

Experiment 2 was .53. A paired samples t-test revealed that 

the fluent items (M = .56, SD = .09) produced higher 

memory performance than disfluent ones (M = .49, SD = 

.07), t(55) = 6.61 , p < .001, d = .8. The effect size of the 

fluency effect on accuracy was larger than the Experiment 

1. The results of two different paired samples t-test for 

critical and control items revealed a significant difference 
between fluent and disfluent conditions in the same 

direction. tcritical(55) = 6.12 , p < .001, d = .8, tcontrol(55) = 

2.29 , p < .001, d = .3. The corrected hit rates were used for 

the further investigation of the memory performance, which 

manifested higher hit-rates for the fluent items (M = .12, SD 

= .23) compared to disfluent items (M = -.006, SD = .2), 

t(55) = 6.16 , p < .001, d = .82. 

False Memories. 2 [fluency (fluent vs. disfluent) x 2 types 

of response (false vs. foil)] within-subject design ANOVA 

was conducted. The misinformation manipulation created 

significant amount of false memory F (1, 55) = 350.13, p < 

.001, ηp2 = .86. The misinformation choices (Mdf = 69, Mf 

= 67) were chosen more than the foil choices (Mdf = 33, Mf 

= 31). The main effect of fluency was not significant, 

meaning that the fluency did not influence the tendency to 

remember foil and false choices as correct answers. Since 

the interaction effect was not also significant, it could be 

concluded that fluency of the information did not change the 
amount of false and foil responses. 

Discussion 

This study was conducted to see whether the perceptual 

disfluencies during the original encoding of an event may 

make participants more susceptible to misinformation if the 

misinformation is presented in a perceptually fluent manner. 

The results showed that perceptual disfluencies reduce 

memory performance as expected. Participants are less 
accurate and more liable for false memories for the disfluent 

than fluent stories. However, the integration of the false 

information from the misinformation phase is not 

significantly different for fluent and disfluent stories: The 

higher probability to choose information from the 

misinformation phase compared to the foils was similar for 

fluent and disfluent conditions. The second aim of the study 

was to investigate whether memory predictions would 

change when the information was presented in intact or 

masked format. As expected, participants produced higher 

memory predictions for the fluent than disfluent format, 

indicating that they had relatively accurate memory 
predictions for their performance.  
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Abstract 

Humor is a complex social phenomenon. Many studies were 
conducted to investigate the relationship between humor 
generation styles of individuals, personality and well-being, 
yielding correlations. The mostly accepted and the widely 
used model in these studies was the Humor Styles Model by 
Rod A. Martin. The Humor Styles Model suggests four 
humor styles: Affiliative humor (AF), Aggressive humor 
(AG), Self-defeating humor (SD) and Self-enhancing humor 
(SE). Most of the studies used the Humor Styles 
Questionnaire (HSQ) which is based on these four humor 
styles, to assess individual humor styles. Also, some humor 
appreciation studies were conducted asking the participants 
to rate the funniness of jokes. Studies up to now, focused on 
one side of humor, which is either humor generation or 
humor appreciation. The purpose of the present study was to 
fill the gap between these two sides of humor by comparing 
the individual humor styles preferred in humor generation 
and humor appreciation and investigate if individuals prefer 
the same humor style in both. 30 participants were first 
asked to complete the HSQ in order to obtain their 
individual scores of humor generation based on the four 
humor styles. As a second stage they were asked to rate the 
funniness of 25 one-line stimuli which were categorized 
with respect to the four humor styles and a non-funny 
neutral condition, to obtain their humor appreciation ratings. 
Highest score of humor generation was found out 
significantly to be in AF, followed by SE, whereas highest 
rating of humor appreciation belonged to SD. Humor 
generation scores yielded a significant gender difference in 
AG with male participants scoring higher. In order to 
analyze the differences between humor generation and 
appreciation, maximum scores received/given from/for each 
humor style were analyzed. 28 participants had their highest 
humor generation scores in AF and 2 of them in SE. There 
was no participant with their maximum score of humor 
generation in either AG or SD. Amongst 28 people scoring 
highest in AF, 9 of them had the highest average score given 
to AF in humor appreciation stage. For the reverse maxima, 
there was a more diverse situation. There were maxima for 
each humor style in humor appreciation stage, with the most 
participant in AF and SE. Only 9 participants were “totally 
congruent” in the humor styles they preferred for humor 
generation and humor appreciation (AF), and 70% were 
incongruent. 53% of the  

 
 
 
 
 

participants achieved “target congruency” for enhancing the 
relationships, and 63% achieved “motivation congruency” 
for benign motivations. These results are also compared to 
other studies in different cultures which yielded some 
similarities as well as differences. Overall, this study 
provides preliminary evidence that the humor styles 
individuals mostly prefer in humor generation are not the 
same as the humor style they mostly appreciate. Humor is a 
complex context-dependent phenomenon and is adapted 
with respect to the context, the results also suggest that it is 
adaptive with respect to being the subject (generator) or 
receiver of the humor. 



Temporal characteristics of visual processing of actions: 
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Objectives: Visual processing of other individuals’ actions is important for survival in many             
species. This process involves identification of the agent who performs the action as well as the                
type of action that the agent performs. How the visual system achieves this and its time course,                 
remain largely unknown. In the presented study, we investigated temporal characteristics of            
neural processing during perception of videos and still images that include various agents and              
actions.  
Methods: We conducted an EEG experiment with 14 human subjects in which they were              
presented still images and videos of 3 agents who perform 8 different actions, as 64 channel                
EEG was recorded. After standard preprocessing that included low-pass and high pass filtering,             
re-referencing and artifact rejection, we linked the EEG data in a time-resolved manner to two               
categorical models, Agent Model and Action Model using representational similarity analysis           
(RSA). To do so, we constructed representational dissimilarity matrices (RDM) for EEG data in a               
time-resolved manner, as well as categorical RDMs for Agent Model that codes for agent type,               
and for Action Model that codes for action type. We then took the Kendall correlation of the two                  
matrices (EEG and model) over time.  
Results: Our results show that Agent Model was significantly correlated with EEG RDMs             
between 64-168 ms after stimulus onset both for videos and still images. However, Action              
Model was not correlated with any time period, neither for videos nor for still images. The most                 
informative channels about agent information were the ones over the occipital and parietal             
cortex. While the video and still image presentations gave similar results in the early time period                
when agent information was available (64-168 ms after stimulus onset), there was an additional              
time period between 250-400 ms when only still image presentations (not the videos) contain              
agent information.  
Conclusion: We conclude that EEG data is most informative about the agent type but not               
action type during visual perception of actions. Additional processing may be required to             
understand the agent type when motion information is not available.  
 
Keywords: EEG, representational similarity analysis, agent perception, action perception 
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In the Stroop task, congruent (i.e., the word blue in blue ink), incongruent (i.e., the word blue in                  
pink ink), and neutral (i.e., the word hotel in green ink) stimuli are presented to participants.                
They are instructed to respond to the color dimension of the stimulus while ignoring the word                
itself. A robust observation, the Stroop effect, is slower reaction times (RT) and higher              
percentage of error (PE) in the incongruent items compared to the congruent items. The Stroop               
effect comprises of facilitation (faster RT and lower PE in the congruent items compared to the                
neutral items) and interference (slower RT and higher PE in the incongruent items compared to               
the neutral items) effects. In the studies using the Stroop task, generally, RT and PE are used                 
as dependent variables. Traditional methods only give information about the final decision of             
participants overlooking the temporal evaluation. However, mouse-tracking, a recent technique,          
can capture internal processes dynamically, by recording the initiation time (IT, the first             
movement time in the trial), maximum-deviation time (MD-time, the time of maximum distance             
from the correct response), and area under the curve (AUC, the geometrical area between the               
optimal trajectory and the trajectory participants followed) for each trial. 
 
Mouse-tracking with the Stroop task has been gaining prominence recently. However, there is             
not a consensus on the exact methodology. In the present study, we investigated the effect of                
response type on the Stroop effect with the mouse-tracking method. Response alternatives            
were presented as either color patches, color-words, or numbers paired with colors. A 3              
(Response Type: Color patch, Number, Word) x 3 (Item Type: Congruent, Neutral, Incongruent)             
mixed design was used. Response type was the between-subjects variable. Sample size,            
twenty-seven, was determined with an a-priori power analysis. Stimulus presentation and data            
collection were controlled automatically by MouseTracker software. Turkish color words (mavi,           
sarı, pembe, and yeşil) and color unrelated neutral words (lise, torba, otel, and ceket) were               
presented in different colors. Participants were instructed to respond to the color of the stimulus               
by moving the mouse cursor as quickly and accurately as possible from the start position to one                 
of the response buttons and click on it. 
 
For the RT, AUC, and MD-time data, there was a significant Stroop effect for the word and the                  
number conditions. We observed the highest Stroop effect for the word condition; followed by              
the number and the color patch conditions, which were only numerically but not significantly              
different from each other. Interference effect was significant for the word and the number              
conditions, while the facilitation effect was significant only for the word condition. The Stroop              
effect, facilitation, and interference were significantly higher in the word condition compared to             
the color patch and the number conditions. In conclusion, response type significantly affected             
movements of participants and changed the magnitude of the Stroop effect for RT, AUC, and               
MD-time. These results can be explained by compatibility between the stimulus and response             
type. 
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Objectives: Attention is essential for our ability to carry out tasks. However, it can be 

affected by task-irrelevant distractors. As robots increasingly become part of our lives, an 

important question is whether robots could distract us as much as humans. In the present 

study, we investigated to what extent robots distract us and the factors that modulate such 

distraction.  

Methods:  We conducted two experiments employing a visual search paradigm at the center 

of the screen, together with task-irrelevant distractors, which consisted of 3 agents of varying 

human-likeness (a human, a mechanical robot, and a humanoid robot) appearing on either side 

of the screen in half of the trials. Experiment I (n=33) and experiment II (n=31) differed on 

the mode of presentation of the distractors: In experiment I, the distractor agents appeared as 

static images; whereas, in experiment II, the agents appeared in dynamic mode, carrying out a 

hand-waving action We also manipulated perceptual load:  All participants did an easy task 

and a hard task in both experiments (Forster&Lavie, 2008). The task order was 

counterbalanced across participants. Participants did not know what kind of distractor would 

appear in the periphery prior to the experiment. 

Results:  Overall, our results show that the robots distracted attention as much as the human 

as demonstrated by the lack of difference in performance measures, i.e. accuracy rates, and 

reaction times for the three agents. However, there was an effect of task difficulty: reaction 

times were higher and accuracy rates were lower for the hard task compared to the easy task. 

The presence of distractor agents also showed a main effect, as participants were overall less 

accurate and took more time when a distractor was present in the periphery compared to its 

absence. The mode of presentation also had a significant effect: reaction times were 

significantly longer for the trials where the distractor agent was presented in dynamic mode 

compared to when it was presented in static mode.  

Conclusion: Our findings suggest that robots can distract us as much as humans but to what 

extent they do depends on the mode of presentation and perceptual load. The results here also 

provide important insights for the role of prior knowledge on distraction. Urgen et. al (2020)’s 



study which used the same task’s static mode with prior knowledge about agents revealed a 

significant interaction effect between perceptual load and human-likeness of the agents. 

Distraction by the robot was more prevalent in the hard task while the human agent distracted 

the most in the easy task. The lack of such an effect in the present study reveals the 

importance of prior knowledge in attention distraction. 

 

Keywords: attention, perceptual load, humanoid robots, robot design, human-robot 

interaction 
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Does the appearance of an agent affect how we perceive his/her voice? 
Audio-visual predictive processes in human-robot interaction 
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Objectives: As social beings, a fundamental ability humans possess is to be able to predict               
how other living things such as other humans or animals behave. As robots increasingly              
become participants in our lives, one important question is whether we could form             
expectations about robots based on our experience with them and predict how they behave.              
To address this question, we used a well-established prediction paradigm from cognitive            
science in the context of human-robot interaction. The aim of the present study is to               
investigate whether we make predictions about how robots behave based on how they look              
like (appear), and if so what kind of predictions we make, and whether those predictions are                
similar to the ones we make for humans. 

Methods: 17 healthy adults from the university community participated in the experiment.            
The visual stimuli consist of static images of three agents. We call them Human, Android,               
and Robot. In the auditory stimuli, we used two sound files which last 2 seconds: the voice of                  
a human saying ‘Good morning’ (human voice), and a modified version of it in which the                
voice sounds robotic (robotic voice). The subjects participated in an experiment that included             
two conditions. Each trial started with a fixation cross (1 sec). It was followed by a visual cue                  
(1 sec) which was an image of Human or Robot in Condition 1, and Human and Android in                  
Condition 2. The visual cue was followed by a 2 sec auditory stimulus: human voice or                
robotic voice. Their task was to indicate whether the voice belongs to a human or a robot as                  
fast as possible with a key press. Preceding the voice, the participants were presented a               
picture of a human or a robot, which cued them about the category of the voice that would                  
follow. The visual cue was either congruent or incongruent with the sound stimuli. The order               
of the experiments was counterbalanced across subjects. We hypothesized that participants           
respond faster when the visual cue is congruent with the sound stimuli (e.g. a robot picture                
followed by a robot voice) than when the visual cue is incongruent with the sound stimuli (e.g.                 
a human picture followed by a robot voice).  

Results: Our data confirm this hypothesis suggesting that we expect agents to sound robotic              
if they have a robotic appearance. On the other hand, our data also show that the                
human-likeness of the agent (whether the robot has a human-like appearance or a robotic              
appearance) affects how much congruency effect we get.  

Conclusion: In sum, our study provides insights about how robots should be designed, and              
suggests that designing robots that do not violate our expectations may result in a more               
efficient interaction between humans and robots. 

Keywords: Humanoid robots, robot design, audio-visual mismatch, prediction,        
human-likeness, robotic appearance, robotic voice, human perception, cognitive sciences 
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It has been a question of whether co-speech gestures facilitate lexical access and; thus, 

speech production (Krauss, 1998; Rauscher et al., 1996). The effects of aging can be manifested 

both in gesture use, particularly for  representational gestures (e.g., drawing a line on the air to 

mean road) (Cohen & Borsoi, 1996; Feyereisen & Havard, 1999), and in speech as older adults 

seems to be more disfluent than younger adults (Bortfeld et al., 2001; Cooper, 1990). The aim 

of this study was to understand gesture use and speech disfluency of different age groups to 

bring an insight on the relationship of aging with multimodal communication. We examined 

speech disfluency and gesture rates and patterns of younger and older adults, and asked whether 

gestures have a facilitative role in resolving disfluencies and to what extent gesture facilitation 

differed across age groups.  

We recruited 30 younger (17 females, Mage=21.43, SD=1.38) and 30 older adults (16 

females, Mage=65.97, SD=4.45). To elicit speech and gesture samples, we used a picture 

description task, consisting of three concrete and three abstract paintings. We transcribed and 

coded the data using the ELAN software. We classified disfluency into three categories as filled 

pauses (i.e.,umm), repetitions (e.g.,above above the bridge), and repairs (e.g.,above oh over the 

bridge) (Maclay & Osgood, 1959). Moreover, while we coded iconic and metaphoric gestures 

that refer to actions, objects or abstract concepts as representational gestures, deictic (pointing), 

and beat gestures (rhythmic hand movements) (McNeill, 1992). For disfluency rate, we divided 

the total number of disfluencies by the total word count. We divided the total number of 

occurrences of each disfluency type by the total number of disfluencies to obtain the relative 

use of each disfluency. Similarly, to calculate gesture frequency, we divided the total number 

of gestures elicited by the total word count. We also divided the total number of occurrences 

of each gesture type by the total number of gestures to calculate the relative use of each gesture 

category.  

Results showed that the younger and older adults did not differ in terms of overall 

disfluency rate and gesture frequency, ts<1.55, ps>.05. However, while younger adults 

produced more filled pauses than the older adults, t(58)=3.00, p=.004, the older adults used 

more repetitions than the younger adults, t(58)=-2.63, p=.011. Similarly, younger age group 

produced more representational gestures, t(55)=6.40, p=.000, than the older ones, while the 

older adults used more deictic, t(55)=-2.90, p=.005, and beat gestures, t(55)=-2.45, p=.018, 

than the younger ones. Moreover, on average, only 39% of disfluent speech was accompanied 

by gestures and only 33% of gestures occurred with disfluent speech. No age group difference 

was obtained for the use of disfluencies with gestures, t(58)=.14, p>.05. However, the 

proportion of gestures that occurred with disfluencies was significantly higher for the younger 

adults (M=.39, SD=.21) than the older adults (M=.26, SD=.19), t(55)=2.34, p=.023.  

We conclude that although the overall results do not suggest a facilitative role of 

gestures for disfluent speech, younger adults might benefit from gestures more than the older 

adults to resolve disfluencies.  

Word count: 499 
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 We use space as a base to think about time and this is called a spatial metaphor of 

time (Lakoff & Johnson, 1980). These metaphors are evident in verbal language and hand 

gestures related to time (Cooperrider, Nuñez & Sweetser, 2014). For example, people gesture 

according to their mental time representations when they talk about temporal concepts, such 

as pointing forward for the future (Cooperrider & Nuñez, 2009). Apart from producing 

metaphors, we also process them to understand their meanings. The Career of Metaphor 

Model (Bowdle & Gentner, 2005) posits that we need to carry out online mappings to map 

base terms (e.g., space) onto the target terms (e.g., time). As a metaphor gets 

conventionalized through use over time, we need fewer online mappings to make sense of it. 

We access stored mappings as the words’ secondary meanings instead. Jankowiak, Rataj, and 

Naskrecki (2017) showed that the same metaphors are processed as more novel in the second 

language (L2) compared to the first language (L1). Metaphors also elicit increased bilateral 

activation compared to literal information, more so in L2 (Chen, Peng, & Zhao, 2013). 

Supporting this, Argyriou, Mohr, and Kita (2017) showed that adults use more bi-manual 

gestures while explaining metaphors compared to literal sentences. Kita, Alibali, and Chu 

(2017) showed that gestures help us perform operations with spatial information. We can 

think of the mapping of space on time in metaphor comprehension and production as an 

operation of this kind. Thus, in this study, we aim to investigate the processing of spatial 

metaphors of time in L1-Turkish and L2- English as it is reflected in co-speech gestures 

related to time.  



We asked 19 L1-Turkish and L2-English students (Mage=20.37, 13 females) to explain 

the meaning of literal and metaphorical sentences in L1 and L2 with a 1-week interval in 

between (in a counterbalanced order) as their gestures were being recorded on tape. All 

gestures were coded according to the classification of McNeill (1992). Temporal gestures 

were also coded according to Cooperrider and Nuñez (2009). The sentences included the 

same words as their spatial/temporal components. We expected our participants to produce 

more gestures while explaining spatial metaphors of time in L2 compared to L1. We also 

expected our participants to produce more bi-manual gestures while explaining metaphors, 

compared to literal sentences, especially in L2. 

We performed all analyses with percentages of the gestures produced. The results 

showed that participants produced more temporal gestures while explaining metaphors in L2 

(M=54.18%, SD=11.93%) compared to L1 (M=40.51%, SD=8.86%), t(17)= -4.28, p=.001. 

We also found that there was no difference between the percentages of bi-manual gestures 

elicited by metaphorical explanations compared to the literal explanations (both p values 

>.05).  

These results show that we might be processing spatial metaphors of time differently 

in L1 and L2, as it is reflected in the frequency of temporal gestures. However, the bilateral 

activation and related bi-manual gesture findings in the literature were not supported by our 

data. Data collection for the study is still in progress. 
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When do we perceive a mind in a robot? 
The effect of human-like appearance and actions 
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Objectives: Mind perception refers to the ability to attribute mental states to a living or               
inanimate being (Grey et al., 2007). Previous research has shown that mind perception has              
two dimensions: Agency and Experience. While Agency is defined to have the ability to              
perform some behavior (e.g. grasping an object), Experience is defined to have the ability to               
feel (e.g. being thirsty). As social robots become part of our lives with rapid developments in                
technology, one important question is whether we perceive a mind in these robots, and the               
factors that modulate this behavior. In the present study, we investigated whether the             
human-like appearance of a robot and the type of actions it possess affect mind perception.               
Methods: 76 university students participated in the study. The participants were divided into             
two groups: One group was exposed to videos of a mechanical robot (Robot condition) and               
the other group was exposed to the videos of a humanoid robot (Android condition). Both               
robots performed the same 4 actions, which were self-introduction, drinking water from a             
cup, handwaving, and wiping a table. The participants watched these videos and answered             
12-questions (6 questions measuring Agency dimension, 6 questions measuring Experience          
dimension) adapted from Brink et al (2019). The questions were measured on 7-point Likert              
scale. The order of the questions was randomized.  
Results: 2 (Agent type) x 4 (Action type) mixed ANOVA was applied on Agency scores and                
Experience scores. We found a main effect of action type on Agency scores. Post-hoc tests               
revealed that participants rated the wiping action much lower than the other three actions -               
self-introducing, drinking water and hand waving. However, there was not an effect of agent              
type or interaction effect. On the other hand, all actions and agents were rated similarly for                
Experience dimension. There was not an effect of agent type or action type on Experience               
scores.  
Conclusion: Our findings suggest that the appearance of the agent did not modulate mind              
perception as long as the robot is sufficiently human-like. However, the type of action that               
robots possess determines to what extent we perceive a mind in them, and modulates the               
two dimensions of mind perception differently. Future work should investigate a broader            
range of actions to understand the conditions under which we attribute mental states to              
robots.  
 
 
Keywords: social robotics, human-robot interaction, mind perception 
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Introduction 
Assume you are watching something on TV or having a 
skype conversation and you can hear the audio perfectly but 
the display is distorted or vice versa. Would the distortion in 
one modality distract you and affect your comprehension of 
the other modality? How do you think these kinds of 
distortions in different modalities would affect your 
memory?  

Being able to answer these questions requires a cognitive 
skill, called metamemory. Metamemory refers to various 
types of judgments, beliefs, predictions, and heuristics about 
how memory operates. One method of assessing 
metamemory is judgments of learning (JOLs). JOLs refer to 
people’s predictions about their future memory performance 
in a later memory test (Rhodes, 2015). Research has shown 
that people rely on numbers of cues and heuristics while 
making JOLs (Koriat, 1997). However, the accuracy of 
JOLs cannot be guaranteed and predictions made by using 
certain cues may not always be consistent with the actual 
memory performance. Previous research suggests that 
perceptual fluency is such a cue. The perceptual fluency 
hypothesis claims that items that are perceived more easily 
and fluently at the time of encoding produce higher 
subsequent memory predictions than disfluent items, which 
are harder to process. Yet, the ease of perception does not 
always produce higher memory performance (Rhodes & 
Castel, 2008).  

Rhodes & Castel (2008) presented small (18) and large 
(48) font words to their participants and found that 
participants’ JOLs were higher for large words than the 
small ones, but their recall performance was similar across 
encoding conditions. A similar result pattern found in 
auditory domain as well. Rhodes & Castel (2009) presented 
loud and quiet words to their participants over the 
headphones and participants produced higher JOLs for loud 
words than quiet ones. However, participants’ memory 
performance remained unaffected. In another research, 
Besken (2016) used intact or generate pictures created by 
using a checkerboard mask instead of words and found that 
participants’ JOLs were higher for intact pictures than 
generate pictures, but their memory performances were 
higher for generate than intact items. This result was also 
replicated in the auditory modality as well. Besken & 

Mulligan (2014) used an auditory generation manipulation 
that is based on the generation of silenced sounds in a word 
and found that JOLs were higher for intact words than 
generate ones, but memory performance was higher for 
generate than intact items. 

It can be seen from the examples that similar effects can 
be observed in both visual and auditory modalities; 
however, in real life, most of the time, we exposed to both 
visual and auditory modalities at the same time. While 
watching a video from the internet or having an online 
conversation, we combine cues from both visual and 
auditory modalities for understanding the context. 
Sometimes we can encounter audiovisual difficulties such 
that the auditory and the visual attributes of a video might 
not be synchronous or one of the modalities might be 
perceptually disfluent. These kinds of audiovisual problems 
could affect our understanding, therefore it is reasonable to 
think that they might affect our memory and memory 
predictions as well. 

Combining perceptual fluency and presentation modality 
for metamemory research could provide valuable answers 
about how different cues affect metamemory judgments and 
memory. Perceptual fluency and presentation modality are 
cues that co-occur very frequently in our daily lives. Thus, 
changing the level of perceptual fluency at multiple 
modalities, specifically both auditory and visual modalities, 
might present us with an opportunity to create an 
experimental setting, similar to daily life situations. 

To-date, very few studies have investigated the effect of 
changing perceptual fluency in multiple modalities on 
metacognitive measures. One study by Peynircioğlu and 
Tatz (2018) combined modality and intensity information 
and presented items in four separate conditions; small-
font/quiet words (no intensity), small-font/loud words 
(auditorily intense), large-font/quiet words (visually 
intense), and large-font/loud (doubly intense). They found a 
main effect of both intensity and modality, but there was no 
interaction between them and recall performance remained 
unaffected. Further analyses revealed that people gave the 
highest JOLs for the doubly intense condition than any other 
condition and gave the lowest JOLs for the no intensity 
condition. However, there was no significant difference 
between auditorily intense and visually intense conditions. 
This study demonstrates that when intensity combined with 
presentation modality, it affects participants’ JOLs, but 
when manipulated in isolation, only intensity has a 



significant effect on JOLs but not presentation modality. 
This kind of research helps us to understand how people 
make judgments about their cognitive processes when 
multiple cues are available. 

Research showed that people can combine multiple cues 
from various sources while making judgments about their 
cognitive processes; however, it is not clear whether they 
combine all of them or pick among them (Undorf, Söllner, 
& Bröder, 2018). Therefore, there two different theoretical 
hypotheses regarding the cue-utilization in making JOLs. 
On the one hand, the first hypothesis suggests that when 
more than one cue is available, people integrate all cues 
while making JOLs (Jang & Nelson, 2005). On the other 
hand, the second hypothesis suggests that participants focus 
on only selected cues and ignore some of the others when 
making JOLs (Susser & Mulligan, 2015; Besken, 2016). 
Furthermore, how multiple cues affect actual memory could 
change with respect to the selection of the cues that are 
being combined as well. There could be situations in which 
a cue affects actual memory when combined with other cues 
even though it does not have any effect on memory in 
isolation or vice versa (Undorf, Söllner, & Bröder, 2018). 

In the current study we aimed to examine how combining 
perceptual fluency and presentation modality affects 
memory predictions and memory in an experimental setting 
which is more compatible with real life. In order to create 
that kind of an experimental setting, we used complex and 
meaningful stimuli that would lead to more top-down 
processes rather than bottom-up processes and perceptual 
fluency manipulations that can mimic common audio-visual 
problems. The first aim of this study is to investigate the 
contribution of perceptual fluency in multiple modalities to 
memory predictions. Accordingly, the second aim of this 
study is to investigate the effect of combination of two cues, 
visual fluency and auditory fluency on actual memory 
performance. 

 

Experiment 1 
Method 

Participants 
48 native speakers of Turkish between the ages of 18-30 
from the Bilkent University participated in the study. They 
were compensated with either course credit or a payment of 
10 Liras for their participation.  Participants reported no 
problems with their hearing or sight ahead of the 
experiment. 8 participants could not carry out all of the 
requirements of the experiment and their data had to be 
excluded and this resulted in a total of 40 participants. 

Materials and Design 
Four different kinds of food recipes (one soup, one dessert, 
one vegetable dish, and one meat dish) were selected from 
multiple food recipe websites. None of these recipes were 
very common and they were each revised to have 20 steps. 
Each step of each recipe was also revised to have either 

three or four idea units. For example, if the step is “Peel the 
eggplants and cut them in cubes”, this was considered to 
have three idea units such as “peeling the eggplant”, 
“cutting”, “cube-shape”. Over each consecutive five steps, 
the number of units were almost always equal.  

For the visual fluency manipulation, short videos were 
filmed for each unit, resulting in a total of 80 videos for 
each step of each recipe. Each video had a duration of 15 
seconds. Background sounds were muted in all of them. 
These videos were edited with a program called iMovie and 
the resolution for the videos was 1080p 60 fps. These videos 
constituted the intact condition. Visually disfluent, distorted 
versions of these videos were created by superimposing an 
effect called glitch effect on them and adjusting the softness 
level of the effect to %20 with iMovie. A small pilot study, 
conducted for ensuring that videos did not feel subjectively 
fluent, but all the events taking place in the videos could 
still be identified. 

For the auditory fluency manipulation, all steps were 
digitally recorded by a male native speaker of Turkish who 
does not have any specific regional accent, with the program 
Logic Pro X (version: 10.2.4). These recordings constituted 
the intact condition. A pilot study conducted to ensure 
comprehensibility. An auditorily disfluent, distorted version 
of each sentence was created by using an effect called 
“tremolo” (with 3.29 rate, %100 depth, %60 offset, and %60 
symmetry) that replaced %40 of the sentences with silence 
through Logic Pro X program. This effect produced a 
similar disfluency such as the one that was described in 
Besken & Mulligan (2014). The only difference was that 
Besken and Mulligan used words instead of full sentences. 
A pilot study ensured that the sentences were identifiable on 
a vast majority of trials.   

A 2 (visual modality: intact vs. distorted) X 2 (auditory 
modality: intact vs. distorted) within-subject design was 
used in the experiment and the resulting four encoding 
conditions were created by merging the videos and the 
sound files. Thus, these four conditions are as follow: intact 
video / intact audio, intact video / distorted audio, distorted 
video / intact audio and, distorted video / distorted audio. 
Each step was produced in all of these conditions and this 
resulted in a total of 320 videos. These videos were 
counterbalanced across participants such that each 
participant received all four recipes under four conditions 
but the order of conditions across participants and recipes 
were counterbalanced. Presentation order of the recipes 
were semi-randomized in two different sequences as well.  
All counterbalancing and randomizing resulted in eight 
separate conditions.  

Procedure 
Participants were tested individually on computers using 
Microsoft PowerPoint Presentation. The experiment 
consisted of four study-distraction-test cycles and each part 
consisted of three phases: encoding phase, distraction phase, 
and recall phase. JOL ratings, distractor task responses, and 
recall responses were collected in paper-pencil format. 



In the encoding phase, participants presented with 15-
second-long videos about the step-by-step preparation of a 
meal. Participants were instructed to watch and listen to 
every video carefully and try to keep them in their mind for 
the upcoming memory test. After each video, participants 
were asked to make a prediction about how well they 
believe that they will recall that step in a subsequent recall 
test (item-by-item JOLs) For this prediction, a scale from 0 
(I don’t think I will remember this at all) to 100 (I will 
definitely remember this step) was used. Participants were 
asked to write down their predictions on to booklets that 
they were given. After writing down their predictions they 
were told to press Enter for initiating the next video.  

In the distraction phase, participants were given a 3-min 
distractor task in which they were asked to solve as many 
arithmetic problems. Finally, in the recall phase, participants 
were given a 10-minute free-recall test, in which they were 
asked to write down everything they could remember from 
the videos in any order. The study-distraction-test cycle was 
repeated for a total of four times until participants were 
tested on all food recipes. The experiment took about 75-90 
minutes in total. 

Results 
For this and all subsequent analyses, the alpha level was set 
at .05. Descriptive statistics for JOL ratings were calculated 
by taking the mean of each participant’s JOL ratings for 
each condition and were submitted to a 2 (auditory fluency: 
intact vs. distorted) X 2 (visual fluency: intact vs. distorted) 
repeated measures ANOVA. The analyses yielded a 
significant main effect for auditory fluency on mean JOL 
ratings, F(1, 39) = 15.35, MSe = 32.13, p < .001, ηp2= .28.  
Videos in intact audio condition (M = 74.49, SE = 2.53) 
received higher JOLs than videos in distorted audio 
condition (M = 70.98, SE = 2.50). However, the main effect 
of visual fluency was not significant, F(1, 39) = 3.75, MSe = 
26.22, p = .060, ηp2= .09.  Furthermore, there was no 
interaction of auditory fluency and visual fluency on JOLs, 
F(1, 39) = .415, MSe = 19.7, p = .523, ηp2= .01.  

 For calculating descriptive statistics for recall 
performance, first recall proportion for each item (sentence) 
was calculated. The proportion correct recall was submitted 
to a repeated measures ANOVA. Recall performance was 
neither affected by auditory fluency, F(1, 39) = 1,32, MSe 
=.018, p = .256,  = .03 nor visual fluency, F(1, 39) = 1.67, 
MSe = .009 p = .204, ηp2= .04. There was no interaction of 
auditory fluency and visual fluency on recall, F(1, 39) = .02, 
MSe = .01 p = .893, ηp2= .00.  

 

Experiment 2 

Method 

Participants 
40 native speakers of Turkish between the ages of 18-30 
from the Bilkent University participated in the study. hey 
were compensated with either course credit or a payment of 
10 Liras for their participation. All participants had any 
problem with hearing or sight. 

Materials, Design and Procedure 
32 steps were chosen from a total of 80 steps from the 
recipes used in Experiment 1. These chosen videos did not 
have any logical order across them and did not have the 
same ingredients. Also, number of common idea-units 
across them was almost zero. This selection resulted in a 
total of 128 videos (32 videos for each condition). Four of 
these videos used for primacy and recency items (first two 
and last two), leaving 28 videos as target items. Each 
participant was exposed to all conditions and watched 7 
target videos from each condition. These four sets of 7 
videos were counterbalanced across participants such that 
all sets were presented to an equal number of participants in 
each condition. None of the videos was followed by a video 
of the same condition. Presentation order of the videos was 
semi-randomized through two different lists. 
Counterbalancing and randomization resulted in eight 
separate conditions. 

The design was a 2 (visual fluency: visually intact vs. 
visually distorted) x 2 (auditory fluency: auditorily intact vs. 
auditorily distorted) within-subject design which was 
identical to Experiment 1.  

The procedure was similar to Experiment 1 with one 
exception; there was only one cycle with three phases: 
encoding, distraction, and recall. Instructions of these three 
phases were the same as Experiment 1. The experiment took 
about 25-30 minutes in total.  

Results 
A 2 (auditory fluency: intact vs. distorted) X 2 (visual 
fluency: intact vs. distorted) repeated measures ANOVA 
with the JOL ratings as the repeated factor showed a 
significant main effect of auditory fluency on mean JOL 
ratings, F(1, 39) = 33.55, MSe = 102.88, p < .001, ηp2= .47. 
Videos in intact audio condition (M = 69.95, SE = 3.19) 
received higher JOLs than videos in distorted audio 
condition (M = 60.67, SE = 3.3). The main effect of visual 
fluency was statistically significant as well, F(1, 39) = 
13.79, MSe = 79.63, p < .001, ηp2= .26. Videos in intact 
video condition (M = 67.92, SE = 3.11) received higher 
JOLs than videos in distorted video condition (M = 62.69, 
SE = 3.32). Furthermore, the interaction of auditory fluency 
and visual fluency on JOLs was significant, F(1, 39) = 7.6, 
MSe = 67.78, p = .009, ηp2= .17.  



Since the interaction between auditory fluency and visual 
fluency on JOLs was significant, in order to determine the 
direction of the interaction four paired sample t-tests 
conducted. The difference between the mean JOL ratings of 
the intact video / intact audio condition (M = 74.36, SE = 
21.41) and the intact video / distorted audio condition (M = 
61.49, SE = 20.66) was statistically significant; t(39) = 5.56, 
p < .001. The difference between the mean JOL ratings of 
the distorted video / intact audio condition (M = 65.54, SE = 
20.95) and the distorted video / distorted audio condition (M 
= 59.84, SE = 22.52) was also statistically significant; t(39) 
= 3.20, p = .003. The difference between the mean JOL 
ratings of the intact video / intact audio condition and the 
distorted video / intact audio condition was statistically 
significant as well; t(39) = 4.24, p < .001. However, the 
difference between the mean JOL ratings of the intact video 
/ distorted audio condition and the distorted video / distorted 
audio conditions was not significant; t(39) = .95, p = .350. 

The mean proportion correct recall for each participant 
was submitted to a 2x2 repeated-measures ANOVA with 
auditory and visual fluency as repeated factors. As in 
Experiment 1, the main effect of auditory fluency on recall, 
F(1, 39) = .00, MSe =.01, p = .981,  = .00 and the main 
effect of visual fluency on recall, F(1, 39) = .51, MSe = .02, 
p = .478, ηp2= .01 were not significant. There was no 
interaction of auditory fluency and visual fluency on recall, 
F(1, 39) = .00, MSe = .02, p = .786, ηp2= .00.  
 

General Discussion 
The current study examined how disfluency cues from both 
auditory and visual modalities influence predicted and 
actual memory. Results showed that disrupting perceptual 
fluency of materials through visual and auditory modalities 
lower memory predictions without influencing actual 
memory. Experiment 1 showed that auditory fluency affects 
metacognitive judgments, but visual fluency does not 
influence it when both of these modalities are combined for 
this specific manipulation. However, actual memory 
performance remained unaffected. Experiment 2 examined 
whether the logical order between items and repetition of 
some idea-units moderates the effect of perceptual fluency 
on multiple modalities. Results showed that these two 
factors act as moderator cues and when they are eliminated, 
both visual and auditory disfluency influence JOLs. 
Furthermore, there was an interaction between auditory 
disfluency and visual disfluency on JOLs. The interaction 
between them showed that the effect of auditory fluency is 
more dominant than the effect of visual fluency on JOLs, as 
in Experiment 1. Similar to Experiment 1, recall remained 
unaffected in Experiment 2. These results can be explained 
by perceptual fluency hypothesis which states people make 
higher memory predictions for fluent items, compared to 
less fluent or disfluent items (Rhodes & Castel, 2008). 

One of the aims of this study was examining how people 
utilize available cues while making metamemory judgments. 
Results suggest that participants might select some of the 

cues and ignore the others when different moderator cues 
were also available to them. Also, participants might 
integrate all of the cues if the moderator cues are no longer 
present. Thus, these results showed that when making JOLs, 
how people select among cues might change when the 
available cues are different. In Experiment 1, when logical 
order and repetition factors were present participants used 
auditory cues and ignored visual cues while making JOLs. 
However, in Experiment 2 when those factors were 
eliminated, participants used both auditory and visual cues. 

The memory results of the current study suggest that 
when the information comes from multiple modalities, the 
possible effect of perceptual disfluency on memory may not 
be observed. Participants might benefit from both of the 
modalities even when one of them or both of them were 
disfluent, just like in real life. 
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Introduction 

We need to make various decisions every day from 

unessential to life-saving ones even if we are not aware of. 

Our job is easier if we need to deal with everyday problems. 

In this point, we can utilize from heuristics (Simon&Newell, 

1958) as mental shortcuts or rules to understand and ease 

the world around us. To exemplify, if we see the news about 

plane crashes and injured people, we tend to recall bad 

examples rather than considering the other safety part of the 

plane, and we can quickly say that planes are dangerous by 
looking at past experiences. However, when it comes to 

complex decisions, people have different strategies and 

attitudes towards these situations (Forgas, 1989). Especially 

if there is a stress, risk, or limited time; things get more and 

more complicated. 

Can we say that the idea of “Bad decisions are better than 

no decision at all” is valid for risky situations? How we 

decide to procrastinate, continue or even to quit something? 

How we react to risky and stressful situations? These kinds 

of questions and concepts provided a basis for large body of 

research from different domains over the years. Answers to 
these questions are not within the scope of this research for 

now, but basically main motivation comes from this idea.  

   Larrick (1993) claims that while we are deciding on 

something, we try to enhance the expected outcome of that 

decision. Here, expected utility theory comes into stage. It 

means making quick decisions under uncertainty (Fishburn, 

1988). Individuals want to choose the action with the 

highest expected utility, which is the sum of all possible 

outcomes. The outcome depends on individual’s risk 

aversion or risk seeking situation. In the experiment, there 

are certain scenarios regarding that theory. Another 

important economic critique paper supported that people 
tend to avoid risk when there are sure gains, but they take 

risks if there are sure losses (Kahneman & Tversky, 2013).  

There is no doubt that decision making is a complex 

process involving different motives in it. Both costs and 

benefits need to be taken into consideration and required to 

be assessed carefully. In his book, Goldstein (2014) stated 

that people are basically rational and try to gain maximum 

utility from their decisions. However, just knowing utility 

strategies does not guarantee that people will follow that 

path. For example, a medical study showed that if we face 

with more difficult scenarios, it can cause us to give no 

decisions at all (Redelmeier & Shafir, 1995). Thus, risk 

taking literature is quite comprehensive area by on its own. 

Uncertain situations can cause risk taking or risk avoiding 

strategies as mentioned above. All individuals have different 

attitudes toward risk situations, and they have different 

strategies to handle it. Decision making is about not only 

pure cognitive processes but also strategies showing how to 

approach a problem (Gigerenzer et al., 1999) 

Indeed, we make these decisions not only for ourselves 
but also for other people, as well. Can we mention general 

tendency to be more risk avoidant or risk seeking when 

making decisions for others rather than for ourselves? There 

are also other research studies investigating decision 

differences between groups and individuals. One of the 

former studies argued that due to involvement of different 

perspectives of their members and entities, groups are seen 

superior to individuals in terms of decision making (Paulus, 

Dzindolet, Poletes, & Comacho, 1993). Another current 

study has shown that quality of our decisions in groups is 

affected from both information change between members 
and collection of their preferences (Tindale & Winget, 

2019). Therefore, groups tend to be seen more powerful in 

terms of making more rational decisions in the literature.  

Moreover, deadlines and limited times might be generally 

perceived as nightmares of people who are obliged to do a 

certain task at a certain time. If it is a long deadline, the 

process can be slowed down and enables more time to think. 

On the other hand, tight deadlines relatively require earlier 

act (Altmann, Traxler, & Weinschenk, 2017). Contrary to 

common belief, a research argued that long deadlines might 

not always provide relaxing and flexible time due to 

misperception of the task (Zhu, Bagchi & Hack, 2018). It 
can be relatable to the expected utility theory mentioned 

above. Another study showed that naïve decision makers 

tend to procrastinate more and under low cost 

circumstances, they complete tasks on time (Bisin & 

Hyndman, 2014). It is also related to cost-benefit balance. In 

this study, tight deadlines are embedded into dilemma 

scenarios as risky situation that needs to be taken immediate 

action, rather than giving time limitation to the participants. 

Postponing is not an option in the design. This study’s 

motivation is to answer following questions: 

-Will people’s risk preferences change while taking 
responsibility of other people? 

-Is there a difference between groups and individuals 

while taking a risky step? If so, how do they differ in terms 

of their reaction times and choice preferences?  

https://www.frontiersin.org/articles/10.3389/fpsyg.2011.00305/full#B9


This paper hypothesizes that if there is a risky situation, 

there will be decision making differences in groups and 

individuals in terms of preferences and reaction times. 

Subjects’ risk-taking preference, which is binary in the 

design, will be affected mostly from dilemma scenarios 
including vital situations which is operationalized as content 

variable. 

 

Methods 

Participants 

This study consisted of fifty four freshmen and senior 

students selected from Yeditepe University. Twenty of them 

were females and 34 of them were males. Their ages ranged 
from eighteen to thirty five. Informed consent of the 

participants was taken. 

Materials 

Participants used laptop keys while answering fourteen 

hypothetical dilemma questions on Psychopy Program. 

 

Design 

In this study, 2 (condition) x 2 (question type) x 4 (content) 

design was conducted. First variable is “Condition” where 

participants were separated into two: participation to the 

study individually or within a group. Second variable is 
“Question Type” which includes two levels: individual 

questions and group questions including responsibility of 

other people who are in the hypothetical situation. Third 

variable is “Content” which consists of four levels: vital 

scenarios including dilemma question, moral-burden 

scenarios including dilemma question, cost-benefit 

scenarios including dilemma question, and win scenarios 

including dilemma question. In the first phase of the study, 

subjects participated individually. In the second phase, the 

other participants, who are different from the first one, were 

grouped into 3 people. 
 

Procedure 

The study was conducted at VR lab in Yeditepe University. 

Temperature, lighting, and acoustic insulation were 

provided. Firstly, informed consents were taken from the 

participants and then aim of the study was explained briefly. 

Participants sat on a chair with a laptop in front of them. All 

items were shown in Psychopy program. The study 

consisted of 2 sessions: first, individual participants were 

welcomed, and in the second session participants were taken 

as a group of three people. 
Initially, 39 participants attended to individual session. 

After aim of the study was explained orally, they saw an 

instruction part explaining what to do and which way to 

follow during the experiment. There were 14 hypothetical 

scenarios followed by dilemma questions requiring to be 

answered with buttons on the keyboard. These scenarios 

were about a hypothetical situation in which participants 

need to either take risk meaning press the button “yes” or 

not taking the risk meaning press the button “no”. After the 

scenario was presented on the screen, it was followed by a 
question: “Would you do it or not?” According to their 

answers, they pressed a button showing their preferences 

that are yes or no. There was no time limitation to answer 

the question, the limit’s itself is directly embedded into 

scenarios. While they were answering the questions, 

reaction times were recorded automatically by the Psychopy 

program. How many seconds did they spend on one 

scenario? After the session, experimenter took oral feedback 

from the participants about what they thought about the 

scenarios. 

In the group session, participants were taken as a group of 3 

people. There were 5 different group and 15 participants in 
total. Again, same explanations were made, and same 

scenarios were shown. 3 participants sat in front of one 

computer and looked at the same monitor concurrently. 

None of the group members were stranger to each other. 

The researcher also sat with them to take notes. After 

scenario was presented, first they read it silently. After 

everyone finished reading, researcher wanted them to state 

their answers orally. It was highlighted that people in the 

group did not have to agree with one another. They could 

state the opposite idea if there was any. If all of them said 

“no” to one question, then answer was accepted as “no”. On 
the other hand, if not all of them but the majority (2/3) said 

“yes”, then majority’s answer was accepted. However, 

meanwhile the researcher took note the opposite answers 

and ideas. This part will be explained in discussion part. 

 

Results 

In the study, 3-way-ANOVA was conducted for each 

dependent variable. Analysis was done on SPSS. Based on 

answers of the participants, reaction time and risk 
preference were measured by looking at 3 variables: 

condition, question type and content. The main hypothesis 

was that there would be differences in reaction times and 

preferences in groups and individuals. Whether participants 

took the experiment individually or within a group was the 

“condition” variable. Results showed that whereas condition 

has a significant effect on reaction time F(1,602)= 124,413 

p=.000 it does not have a significant effect on preference. 

F(1,602)=0,89 p=.765. 

 

1. Preference 

As it is said above, condition does not have a significant 

effect on risk taking preference F(1,602)=0,89 p=.765. 

When we look at the question type, it had also no significant 

effect on preference F(1,602)= ,870 p=.351. However, 

content has a significant effect on preference 

F(3,602)=5,630 p=.001. Again, when we look at the relation 

between independent variables, they had also no significant 



effect together on preference: Condition and Question Type; 

F(1,602)=,083 p=.774 Condition and Content; 

F(3,602)=1.324 p=.266 Question Type and Content; 

F(2,602)=1,326 p=.266. They all together do not have 

significant effect, either Condition, Question Type and 
Content; F(2,602)=,951 p=.387. Post-hoc analysis showed 

that scenarios including moral and vital situations have 

much higher significant effect p=.000. Similarly, cost-

benefit and win situations have significant effect on 

preference p=.000 On the other hand, win and vital 

situations do not have significant effect on preference 

p=1,000. 

2. Reaction Time 

In terms of reaction time, there are more significant 

results. This time, findings showed that Condition has a 

significant effect on reaction time F(1,602)=124,413 
p=.000. However, Content does not have a significant effect 

on reaction time F(3,602)=1.121 p=.340. Similarly, 

Question Yype does not have a significant effect on reaction 

time, either F(1,602)=3,413 p=.065. On the other hand, 

whereas content and question type do not have significant 

effect on reaction time individually, interaction with other 

independent variables, except condition and content, has 

significant effect: Condition and Question Type 

F(1,602)=5,189 p=.023 Condition and Content F(3, 

602)=1,163 p=.323 Question Type and Content 

F(2,602)=5,708 p=.004 Condition, Question Type and 

Content F(2,602)=4,447 p=0.12 
 

Discussion 

Findings from current study supported that while people 

were trying to decide which way to follow (preference) in 

the presence of a dilemma, Content of the scenario was 

much more important than Condition or Question Type. It 

indicates that rather than taking the experiment as a group or 

individually (Condition variable), or rather than personal 
and communal questions (Question Type) what determines 

preference the most is that insight of the scenarios 

(Content). For instance, if there was a vital situation in one 

scenario, being in a group or by oneself did not matter. This 

result is different from studies in the literature supporting 

that people are affected from each other in group works. For 

instance, a study showed that the most important risk 

management decisions are made by groups and teams rather 

than individually because of the collective decision (Linkov 

et al.,2013). Another comprehensive study revealed that 

individuals deviate more under uncertainty when compared 

to groups because groups are better planners 
(Carbone&Georgalos&Infante, 2019) Moreover, an 

experimental study showed that people took more risks 

focusing on benefits rather than costs of risky situation 

(Gardner&Steinberg, 2005). It was shown that vital and 

moral scenarios are more likely to take risks when compared 

to win or cost-benefit scenarios. If there is a vital dilemma, 

we tend to avoid risk because costs could be higher than 

benefits, so we need to prevent ourselves to choose wrong 

decisions, especially in limited times. To exemplify, if 

someone’s life is in our hands, we cannot easily choose one 

option, we need to find maximum utility or maximum gain 

option. We cannot risk it easily. It is valid for moral-burden 
dilemmas, as well. If you have a given promise to someone, 

you need to think twice before acting. However, situations 

in which win probability is higher, then we can take risk 

easier. Again similarly, if cost-benefit balance is equivalent, 

we can take risk relatively easier. 

It can be concluded from the group results that participants 

in groups were not affected from each other while deciding, 

because all that matter was the content of the scenarios, 

especially moral and vital ones. 

Reaction times were affected reasonably due to discussion 

part in groups. As we said above, reaction time was not 

affected from content or question type but affected from 
condition. This shows that even if a vital situation was seen 

by individuals or groups, that did not affect the reaction 

time. If a vital decision should be made, it is valid for in 

every situation. Both groups and individuals should take 

immediate action. For example, when the question seemed 

too obvious to answer, they answered the question with an 

individualistic idea. Thus, it was again related to content of 

the situation. Risk preferences were affected from content, 

but reaction times were not. 

In group scenarios (question type) questions were not 

related to its group members. That is, while answering a 
dilemma, participants did not think the exact members, only 

in the hypothetical people. Another thing is that while 

taking reaction times, reading span was also included 

because while they were reading the scenario, they were 

thinking concurrently. Future experimental designs can be 

made by taking reading span into consideration. On the 

other hand, controlling how much time was spent on while 

reading the question and giving answer is very difficult to 

differentiate because subjects might have read the question 

first and they might be thinking the answer while they were 

reading. To avoid this, different methodology can be 

applied, and eye tracker could be an appropriate device to 
measure this in further research.  

Previous studies supported the idea of “two heads are better 

than one” and thus, groups were seen better than individuals 

in terms of decision making. Quite recent study tried to 

examine relationship between personality traits, decision 

making and participants’ brain activity patterns. (Wang et 

al., 2019) Results showed that groups took more risk but 

only with high agreeableness participants. This was not the 

case in this study because even dominant participant could 

not convince the others to choose the other option. It can tell 

us that if there is an agreement among group members, it 
might be related with personality traits such as 

agreeableness. Again, future research could work on that. 

As mentioned before, decision utility determines choice of a 

behavior. When feedback was taken from the participants, 

some of them said “I have experienced this situation 



before”. It means that their subjective experiences 

influenced their answers as Taneva (2017) suggested. 

 

Conclusion 

 

When we compare the results with previous studies on 

decision making, we can see that groups are not superior 

when compared to individuals on contrary to common 

belief. Whereas condition has a significant effect on reaction 

time, content has a significant effect on preference. The 

main hypothesis was corrected in terms of reaction time. 

However, it was seen that participating as a group or 

individually did not have a significant effect on risk taking 

preferences. Moreover, group participants took slightly 
more risk than individual subjects.  

 

References 

Altmann, S., Traxler, C., & Weinschenk, P. (2017).

 Deadlines and cognitive limitations. 

Bisin, A., & Hyndman, K. (2009). Procrastination,

 selfimposed deadlines and other commitment

 devices. 
Bougheas, S., Nieboer, J., & Sefton, M. (2013). Risk

 taking in social settings: Group and peer effects.

 Journal of economic behavior & organization, 92,

 273-283. 

Bujar, M., McAuslane, N., Walker, S. R., & Salek, S.

 (2017). Evaluating quality of decision-making

 processes in medicines' development, regulatory

 review, and health technology assessment:

 systematic review of the literature. Frontiers in

 pharmacology, 8, 189. 

Brunette, M., Cabantous, L., & Couture, S. (2015). Are

 individuals more risk and ambiguity averse in a
 group environment or alone? Results from an

 experimental study. Theory and Decision, 78(3),

 357-376. 

Carbone, E., Georgalos, K., & Infante, G. (2019).

 Individual vs. group decision-making: an

 experiment on dynamic choice under risk and

 ambiguity. Theory and Decision, 87(1), 87-122. 

Fishburn, P. C. (1988). Nonlinear preference and utility

 theory (No. 5). Baltimore: Johns Hopkins

 University Press. 

Forgas, J. P. (1989). Mood effects on decision making
 strategies. Australian Journal of Psychology, 41(2),

 197-214. 

Goldstein, E. B. (2014). Cognitive psychology:

 Connecting mind, research and everyday

 experience. Nelson Education. 

Kahneman, D., & Tversky, A. (2013). Prospect theory:

 An analysis of decision under risk. In Handbook of

 the fundamentals of financial decision making:

 Part I (pp. 99-127). 

Keller, N., Cokely, E. T., Katsikopoulos, K. V., &

 Wegwarth, O. (2010). Naturalistic heuristics for

 decision making. Journal of Cognitive Engineering

 and Decision Making, 4(3), 256-274. 

Linkov, I., Wood, M. D., Ditmer, R., Cox, A., & Ross, R.
 (2013). Collective risk management: insights and

 opportunities for DoD decision-makers.

 Environment Systems and Decisions, 33(3), 335

 340. 

Parks, C. D., & Cowlin, R. (1995). Group discussion as

 affected by number of alternatives and by a time

 limit. Organizational Behavior and Human

 Decision Processes, 62(3), 267-275. 

Paulus, P. B., Dzindolet, M. T., Poletes, G., & Camacho,

 L. M. (1993). Perception of performance in group

 brainstorming: The illusion of group

 productivity. Personality and Social Psychology
 Bulletin, 19(1), 78-89. 

Redelmeier, D. A., & Shafir, E. (1995). Medical decision

 making in situations that offer multiple

 alternatives. Jama, 273(4), 302-305. 

Simon, H. A., & Newell, A. (1958). Heuristic problem

 solving: The next advance in operations

 research. Operations research, 6(1), 1-10. 

Taneva, T. (2017). SUBJECTIVE DECISION UTILITY

 AS A PEDICTOR OF HUMAN RISK

 BEHAVIOUR. Trakia Journal of Sciences, 15(1),

 383-387. 
Tindale, R. S., & Winget, J. R. (2019). Group decision

 making. In Oxford Research Encyclopedia of

 Psychology. 

Wang, F., Wang, X., Wang, F., Gao, L., Rao, H., & Pan,

 Y. (2019). Agreeableness modulates group member

 risky decision-making behavior and brain activity.

 NeuroImage, 202, 116100. 

Zhu, M., Bagchi, R., & Hock, S. J. (2018). The mere

 deadline effect: Why more time might sabotage

 goal pursuit. Journal of Consumer Research, 45(5),

 1068-1084. 

 



Differences in Speech-on-Speech Processing Between Musicians and Non-Musicians: The Role 
of Durational Cues 

 
Elif C. Kaplan, Deniz Başkent, Anita E. Wagner 

University of Groningen 
 
In the current study, we investigate the role of prosodic cues in speech-on-speech perception in               
musicians and non-musicians. Earlier studies have shown that musically experienced listeners           
may have an advantage in speech-on-speech performance in behavioral tasks (Başkent &            
Gaudrain, 2016, Swaminathan et al., 2015). Previously, we have also shown in an eye-tracking              
study that musical experience has an effect on the timing of resolution of lexical competition               
when processing quiet vs masked speech (Kaplan, Wagner & Başkent, 2018). In particular,             
musicians were faster in lexical decision-making when a two-talker masker was added to target              
speech. However, the source of the difference observed between groups remained unclear. In             
the current study, by employing the visual world paradigm, we aim to clarify whether musicians               
make use of durational cues that contribute to prosodic boundaries in Dutch, in resolving lexical               
competition when processing quiet vs two-talker masked speech. If musical training preserves            
listeners' sensitivity to the acoustic correlates of prosodic boundaries when processing masked            
speech, we expect to observe more lexical competition and delayed lexical resolution in             
musicians. We will compare gaze-tracking and pupil data of both groups across conditions. 
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ABSTRACT 

Prior information and expectations have been consistently shown to bias perceptual 
processes. To understand the underlying processing giving rise to such an effect, predictive 
processing models have been proposed, which are generic brain models that frame prior 
information as a fundamental mechanism for brain function (Friston, 2005; Heeger, 2017). 
Even though empirical findings have been interpreted within the framework of these 
mechanistic models, none of these studies implemented and employed the proposed models 
to test whether they can explain the data. In this study using a behavioral experiment, firstly, 
we investigated how expectations affect sensory processing (Urgen & Boyaci, 2019). We 
measured temporal thresholds, which indicate the shortest presentation duration of a 
stimulus that individuals can detect. We examined how the thresholds differ in expected and 
unexpected trials. Next, we modelled these empirical findings with a recurrent cortical 
model (Heeger, 2017) to see how successful the model is in explaining the behavioral effects 
of expectation. Behavioral results show that perceptual thresholds increase when 
expectations are not met. Specifically, unexpected trials lead to longer temporal thresholds 
than expected trials, indicating that participants need more time to detect an unexpected 
stimulus, which results in a delay in sensory processing (t(7)=3.079, p=0.018, d=1.089) 
(Urgen & Boyaci, 2019). Consistent with the empirical findings, trial-by-trial modeling the 
data with the model reveals that the cortical model also needs to compute higher number of 
iterations (within a trial) for a successful decision in unexpected trials than expected trials 
(t(7)=3.220, p=0.015). Accordingly, we argue that the delay in sensory processes can be 
explained simply by further processing that is required in unexpected trials. Overall, our 
findings demonstrate that the proposed cortical model can successfully explain the 
behavioral effect of expectations on sensory processes.



The dynamics of decision making and action: The case of active sampling 
 

Duygu Özbağcı 
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Embodied accounts claim that decision process continues during action execution and           
manifests itself in the movement. However, studies in the literature do not involve             
action-dependent information gain which is a pillar of ecological choices animals face naturally.             
We implement action-dependent sampling in a decision-making task to test whether movement            
dynamics can reveal the action and decision interaction. We conducted a 2-AFC object             
categorisation (edible vs. non-edible) task. Participants needed to move the mouse cursor,            
reach and click one of the response areas (left or right) on the screen. In 2/3 of the trials, the                    
image was initially blurred; low blur or high blur. In these trials, participants had to move the                 
mouse cursor up to lessen the blur. We analysed movement trajectories to test whether the               
decision process can be trackable during this active sampling phase. Participants moved the             
mouse cursor higher in blur conditions (the highest in high blur). This shows the trial-by-trial               
update of strategy. The angles of the movement trajectories are either very close to 90 degrees                
or directed at one of the response options. This means that online update in decision status                
cannot be tracked from the ongoing movement. 
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Ideophones (marked, sound symbolic words depicting sensory imagery) are an increasingly           
described feature of many languages, across families (Dingemanse, 2019). As many languages            
lack ideophones as a richly developed word class, researchers are starting to investigate the              
cross-linguistic iconicity of these words by testing their guessability. Theoretically,          
cross-linguistic guessability could serve as some measure of iconicity, resemblance of form and             
meaning. If their meanings are only accessible to those who have learnt the language, there is                
no distinction between ideophones and other words in any given language, in terms of iconic               
properties. In Dingemanse et al. (2016), native Dutch speakers were asked to guess             
ideophones in one or several ideophone-rich languages in an experimental setting. Using            
two-way forced choice experiments wherein participants heard ideophones from various          
languages, participants guessed their meanings slightly above chance. Thereby they were able            
to find evidence for weak cross-linguistic iconicity. 
 
Here, I continue this line of enquiry by using a four-way forced-choice task using ideophones               
gathered from a list of Turkish ideophones (Baturay, 2010). 200 native English-speakers            
completed a 20 question experiment, administered online via Qualtrics, in which they were told              
to guess which of four definitions matched the Turkish word with which they were presented.               
One of the four options was correct, accompanied by three foil options. These incorrect options               
consisted of the ‘opposite’ meaning of the correct one (e.g. the correct meaning is ‘something               
blazing’ and one foil would be ‘something freezing’). The other two foils consisted of a               
semantically unrelated meaning (‘a gentle smile’) and its opposite (‘a harsh frown’). All             
ideophones were played once and participants could only hear the word and were not exposed               
to any items in written form. The preliminary results indicate that some ideophones were highly               
guessable whilst others were not. This calls into question whether iconicity is a necessary              
property of an ideophone or whether or not ‘ideophones’ are a word-class, but a word-class with                
a diverse cognitive profile. These preliminary results also question whether there are multiple             
levels of iconicity within and amongst language systems. 
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Abstract—In this paper, we aim to measure the information
content of brain anatomic regions using the functional magnetic
resonance images (fMRI) recorded during a complex problem
solving task. We, also, analyze the brain regions, activated in
different phases of the problem solving process. Our study
proposes an information theoretic method for analyzing the
activity in anatomic regions. Briefly, we define and estimate two
types of Shannon entropy, namely, static and dynamic entropy,
to understand how complex problem solving (CPS) processes
lead to changes in information content of anatomic regions. We
investigate the relationship between the problem-solving task
phases and the Shannon entropy measures suggested in this study,
for the underlying brain activity during a Tower of London
(TOL) problem solving process. We observe that the dynamic
entropy fluctuations in brain regions during the complex problem
solving task provides a measure for the information content of
the phases of complex problem solving, namely planning and
execution phases. We, also, observe that static entropy measures
of anatomic regions are consistent with the experimental findings
of neuroscience. The preliminary results show strong promise in
using the suggested static and dynamic entropy as a measure
for characterizing the brain states related to the problem solving
process. This capability would be useful in revealing the hidden
cognitive states of subjects performing a specific cognitive task
[1].

Index Terms—Entropy, fMRI, Brain Decoding, Complex Prob-
lem Solving, Tower of London

I. INTRODUCTION

Complex problem solving (CPS) is a high-order cognitive
function of human brain. In this study, we focus a standard
game, which is frequently used in neuropsychology, the Tower
of London (TOL) to investigate the cognitive states of CPS.
Simon and Newel’s problem solving model proposed three
main sets of cognitive processes: i) the construction of a
problem representation, ii) searching for the appropriate oper-
ators to solve the problem, and iii) implementing the solution,
or execution [2][3]. TOL’s planning phase incorporates first
two of these processes. Planning requirements include finding
an efficient transformation of the start state into the desired
goal state within the minimum number of moves by mentally
looking ahead. However, although the problem-solving models
propose a sequential set of processes, the recent studies
suggested that the interplay between these processes can be
quite dynamic, depending on the demands of the problem [3].

Entropy has been recently used as a promising tool for
the analysis of the dynamic nature of neural signals [5].
It is supposed to provide a measure of the predictability
(regularity) of neural operations. It can be used to characterize
the complexity of a time series to aid the identification and
quantification of regular, random, and chaotic signals. It is
well-known that, entropy is a measure of randomness (or
uncertainty) in a set of data, where greater randomness implies
higher entropy and greater predictability implies lower entropy.

In this study, we suggest two new definitions of entropy to
measure the information content of anatomic regions: i) static
entropy, ii) dynamic entropy. These measures are based on
Shannon information theory. For each anatomic region static
entropy is defined over a period of time while the subject is in
resting state or playing the TOL game. It is used to analyze the
information content of the anatomic regions during the resting
state and while the subjects perform planning or execution
phases of the game. We, also, analyze the information content
of the anatomic regions of expert and novice players. Dynamic
entropy is used to analyze the change of the information
content of anatomic regions at each time instant during the
resting state and the phases of CPS task. It is observed
that both entropy measures provide important information to
understand the activities in anatomic regions during the CPS
task. Our suggested approach provides consistent results with
the findings of experimental neuroscience.

II. TOL EXPERIMENTAL SETUP

The fMRI data was recorded while the subjects played
Tower of London (TOL) game. 18 individuals, between 19-38
years old, solved a computerized version of the TOL game. For
each puzzle, two configurations were shown: an initial state
and a goal state. The subjects were instructed to transform
the initial state into the goal state using the minimum number
of moves. Each puzzle required a minimum of five or six
moves to reach the goal configuration. They were directed to
generate a solution plan prior to making their first move. The
planning phase is defined from the onset of the display of
the puzzle until the first move. The execution task is defined
from the first move until the end of the puzzle. For each
subject, the scanning session consisted of 4 sessions; each



session contained 18 puzzles where each puzzle is allocated
a 15 seconds time-limit. The first 5 seconds was allocated for
planning only. Subjects could continue planning after the 5
seconds if they had not completed their solution plan [4].

III. ESTIMATION OF STATIC AND DYNAMIC ENTROPY
MEASURES

Shannon information entropy measures the predictability
of a random signal, which is observed as the output of a
stochastic system. If we define and measure the entropy of
an anatomic region, we expect that the voxel intensities that
vary with TOL task produce low entropy values, whereas an
anatomic region whose voxel intensities vary in a relatively
random pattern would not participate to the game and would
produce a high entropy value [5].

In this study, we define two different types of entropy,
namely, static and dynamic entropy. Static entropy measures
the entropy of each anatomic region, independent of time. In
this approach, we assume that each anatomic region can be
represented by a time series obtained by averaging all the
voxel time series which resides in that region. Then, we define
static entropy for each anatomic region, based on the random
variable, defined by each instance of representative time series
of each anatomic region.

Dynamic entropy is expected to indicate a rough idea about
the change of activity of anatomic regions, when the subjects
perform a complex problem solving task. We assume that the
entropy of an anatomic region changes as a function in time.
Then, the changes in entropy over time can provide informa-
tion about the subtasks of complex problem solving, namely
planning and execution phases. In order to estimate dynamic
entropy, we take each voxel time series in an anatomic region
and assume that each voxel intensity value at each time instant
is a random variable.

In order to estimate the probability density functions of the
above random variables, we use the Parzen window kernel
probability density estimation method.

IV. DYNAMIC ENTROPY VARIATIONS OF COMPLEX
PROBLEM SOLVING TASK AND RESTING STATES

In the first set of experiments, we investigate the dynamic
entropy variations for anatomic regions during the resting state
and complex problem solving task, and observe high and low
entropy regions. Recall that low entropy measures show high
information content of that region, whereas the high entropy
regions show relatively more random behaviour, thus low
information content. We made an analysis for the classification
of successful and unsuccessful players based on the number
of puzzles completed successfully in a session and how many
movements made to complete according to the shortest path.
12 subjects, who successfully completed 756 puzzles in 42
successful sessions are considered as expert subjects and the
rest are considered as novice players.

In order to compare the behaviour of the dynamic entropy
measure in the anatomic regions, we compute the dynamic en-
tropy for each subject-session-time instance-anatomic region.

Fig. 1: Dynamic Entropy vs. time for a minimum entropy re-
gion: Entropy fluctuations (blue) for Right Precuneus during
TOL puzzle solving (averaged for 12 subjects, 42 sessions).
Play shows the time instances when the subject plays the TOL
game and Rs shows, when the subject is back to the resting
state, in red plot.

Fig. 2: Dynamic Entropy vs. time for a maximum entropy re-
gion: Entropy fluctuations (blue) for Right Middle Cingulum
during a TOL session (averaged for 12 subjects, 42 sessions).
Play shows the time instances when the subject plays the TOL
game and Rs shows, when the subject is back to the resting
state, in red plot.

Then, we average all the dynamic entropy measures across 12
successful subjects and 42 sessions for anatomic region and
time instance.

We observe that dynamic entropy variations with respect
to time is rather more structured for low-entropy anatomic re-
gions, whereas it randomly fluctuates for high-entropy regions.
On the other hand, the entropy variations in maximum entropy
regions are rather arbitrary. This fact is exemplified in Fig. 1
and Fig. 2. The dynamic entropy in a minimum entropy region
is highly correlated with the experimental setup. It is always
low when the subject plays the TOL game and it is always
high when the subject is in a resting state. This shows that
when the information content of a region is high, playing the
TOL game generates relatively low dynamic entropy compared
to the resting states. On the other hand, when we investigate
the dynamic entropy variations in a maximum entropy region,
dynamic entropy looks like it is highly contaminated with
noise, as it is observed in Fig. 2.

V. DYNAMIC ENTROPY VARIATIONS OF RESTING STATE,
PLANNING AND EXECUTION SUBTASKS FOR EXPERT AND

NOVICE PLAYERS

In the next set of experiments, we investigate the behavior of
dynamic entropy changes for the resting state fMRI signal and
planning and execution phases of complex problem solving.

After grouping the subjects into expert and novice classes,
we estimate the dynamic entropy measures of each anatomic



Fig. 3: Expert Player: Dynamic Entropy fluctuations of a
lowest entropy region, Right Precuneus during session-3 of an
expert player, Subject-175 (blue). Pl shows the time instances
when the subject is doing Planning, Ex shows the execution
and Rs shows when the subject is back to the resting state, in
the red plot.

Fig. 4: Novice player: Dynamic Entropy fluctuations for a
lowest entropy region, Right Lingual during first session for a
novice player, Subject-881 (blue). Pl shows the time instances
when the subject is doing Planning, Ex shows the execution
and Rs shows when the subject is back to the resting state, in
the red plot.

region of each subject. Then, we investigated the behaviour
of dynamic entropy in these most informative anatomic re-
gions of expert and novice players. For the expert players,
the dynamic entropy in the resting state, planning-execution
phases are highly correlated with the experimental setup (Fig.
3). The lowest information content (high entropy) is observed
during the resting state. When the subject starts playing, the
information content is increased in an anatomic region with
the highest information content. Due to a slight delay of the
hemodynamic response to the stimuli, one should consider a
slight shift to the right in the red plot. In this case, we observe
that the entropy values in the planning phase is relatively low
compared to that of the execution phase.

For the novice players, the dynamic entropy and task
relations are relatively more random (Fig. 4) compared to that
of the expert players. For the novice players, the dynamic
entropy fluctuations are rather arbitrary during the resting state
and while playing the TOL game, in an anatomic region with
relatively highest information content.

VI. ANALYSIS OF LOW STATIC ENTROPY REGIONS WHILE
THE SUBJECT SOLVES A COMPLEX PROBLEM

The major assumption of this study is that the lower
entropy regions are more intimately involved in CPS processes
compared to the higher entropy regions. Shannon information
theory provides a rigorous background for relating the infor-
mation content of a signal to the entropy measures. The infor-
mation content of a random signal is inversely proportional to

the entropy measures. Therefore, high entropy is an indication
of low information content of an anatomic region, and a low
entropy region has high information content.

In this study, we observe that the static entropy is relatively
low in superior parietal, occipital regions, precuneus, temporal
regions, angular gyrus, prefrontal regions, lingual, inferior
parietal, precentral and postcentral areas, cuneus, calcarine,
paracentral, anterior cingulate and fusiform.

The experimental studies show that the active regions of
CPS task are visuospatial processing (the superior parietal
cortex) and executive processing such as working memory
(the prefrontal regions), planning (the prefrontal cortex and
the basal ganglia), and error detection (the anterior cingulate)
[3]. The prefrontal cortex is suggested as an important part of
the cortical network involved especially in planning. Newman
et al. proposed that left and right prefrontal cortices were
equally involved during the solution of moderate and difficult
TOL problems. They suggested that the right prefrontal cortex
might be connected to the plan generation, while the left part
might be related to the plan execution [6]. The involvement
of superior parietal areas are due to the spatial processing
and involvement of the right superior parietal region is due
to the visuo-spatial attention, which are both necessary for
planning. On the other hand, the left parietal cortex is linked
to visuo-spatial working memory processing. Also, there are
findings for the participation of the superior posterior parietal
region in visuo-spatial processing including the maintenance
and transformation of internal representations [6].

Comparison of the results of the above studies with our
approach indicates high overlap between the low static entropy
regions and active anatomic regions observed by experimental
neuroscience, for the TOL game. Therefore, we can deduce
that the regions with low static entropy corresponds to the
active anatomic regions of TOL game playing.

VII. STATIC ENTROPY FOR PLANNING AND EXECUTION
SUBTASKS

Until now, we employed all the voxels in all the anatomic
regions to estimate the static and dynamic entropy measures.
However, there are some voxels/anatomic regions, which
do not contribute to the underlying cognitive tasks. It is
shown that when the most informative voxels are selected by
ANOVA, the brain decoding performances for planning and
execution phases are substantially improved [7].

In order to examine the effect of eliminating the irrelevant
voxels on our static entropy measures, we compute the static
entropy of planning and execution subtasks in two sets of
experiments: In the first set, we use all the voxels to compute
the representative time series for each anatomic region during
the planning and execution phases, separately, and, then,
compute the static entropy measures. As it is observed from
Fig. 5, static entropy measures for planning phase is relatively
small compared to that of the execution phase.

In the second set of experiments we estimate the static
entropy values based on the most informative voxels, selected
by ANOVA. (Fig. 6). When we compare Fig. 5 and Fig. 6, we



Fig. 5: The top 33-lowest static entropy regions for planning
and execution subtasks based on all voxels. The anatomic
regions are sorted with respect to the lowest planning phase
entropy values.

Fig. 6: The top 33-lowest static entropy regions for planning
and execution subtasks based on most informative voxels,
selected by ANOVA method. The anatomic regions are sorted
with respect to the lowest planning phase entropy values.

observe that the difference between the static entropy measures
of planning and execution phases are more accentuated when
we eliminate the irrelevant voxels by ANOVA. This fact can
be attributed to the elimination of noise by selecting the most
informative voxels according to the mutual information scores
using ANOVA.

This analysis reveals that the static entropy of planning task
is lower than that of the execution task. The difference between
planning and execution entropy is higher for most informative
voxels than all voxels. This result is compatible with the
previous BOLD analysis study [7]. Since plan generation
requires the participation of numerous cognitive processes,
it would lead to more coherent neural processing than the
execution task. Also, the difference between planning and
execution entropy is higher for successful runs than that of the
unsuccessful runs. This result can be interpreted as follows:
The informative anatomic regions of an expert player is more
organized compared to that of a novice player.

VIII. CONCLUSION

This study intended to show that characterizing the entropy
of brain regions would provide an informative tool to assess

brain states during solving complex problems. We defined
two kinds of entropy: static and dynamic. We observed that
static entropy successfully identifies the active brain regions
which participate the CPS task, where the entropy measures
are relatively low. The anatomic regions with low entropy are
consistent with the active regions identified by experimental
neuroscience. We show that the low static entropy regions
have relatively higher entropy measures for the resting states
compared to that of the CPS states. Also, low entropy regions
have relatively higher static entropy values for the execution
phase when compared to the planning phase. From these
observations, we can deduce that the active anatomic regions
carry more information when the subject solves a complex
problem compared to the resting state. During the CPS, active
anatomic regions carry more information when the subject is
in the planning phase compared to the execution phase.

Dynamic entropy enables us to study and compare the
information content of anatomic regions for the resting states
and for the planning and execution subtasks of CPS. It shows
that for the minimum average entropy regions there is a
substantial difference between the expert and novice players.
While the dynamic entropy measures are very structured for
experts, they are more noisy for the novices. Also, when the
average entropy is low in a region, the dynamic entropy is
highly correlated with the experimental setup. For the regions
with high average entropy, the dynamic entropy is more noisy.

From these observations one can deduce that dynamic
entropy measures the brain activities via the information
content of brain regions as it changes by time. Therefore, we
conclude that the suggested entropy measures yield promising
information for the identification of activated regions and the
detection of brain states related with the CPS task.
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Attachment Style and Attentional Bias towards Face Expressions 
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Attachment theory proposes that relationship between a caregiver and an infant shapes the             
relationships built in the adulthood. There are three attachment styles suggested by            
Bartholomew and Horowitz (1991): secure attachment style, anxious attachment style and           
avoidant attachment style. It is suggested that attachment styles have an effect on the              
perception and attention of individuals towards the environment. Also, previous findings have a             
common consensus on the idea that attachment styles create an attentional bias towards the              
emotional stimuli even though they do not hold a common consensus on the effect of negative                
and positive emotional stimuli. Face expressions are one of the most common emotional stimuli              
in the social environment and social cues like negative face expressions are helpful in social               
environments to detect threats or to be on alert. Based on these, current study aimed to                
investigate the effect of attachment styles on individuals’ attention towards face expressions. It             
hypothesized that anxiously attached people will attend to negative face expressions more than             
avoidantly attached people. The study was conducted with 43 participants from a private             
university. First, a visual task based on detecting changes between facial stimuli was presented.              
There were neutral, sad and angry face expressions among stimuli. Later, participants were             
assigned to attachment styles based on the scores of Experiences in Close            
Relationships-Revised. There were no anxiously attached people in the sample, analysis of the             
study continued with securely and avoidantly attached groups. Results showed that           
performance of individuals with avoidant attachment style on neutral face expressions was            
significantly higher compared to the performance on negative face expressions (sad and angry).             
Also, the performance on sad face expressions was significantly higher than the performance             
on angry face expressions for both attachment styles. There were no significant difference             
between secure group’s performance and avoidant group’s performance on neutral and           
negative face expressions. Reaction times for neutral or negative face expressions did not differ              
between secure and avoidant attached people. Results of the study interpreted based on the              
previous findings and, limitations and future implications were discussed. 
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Abstract 

Lying in daily life is a pretty common phenomenon. The 

studies that investigated the effect of lying on memory 

reported that deceptive answers intrude into one’s memory 

as false memories. This study aimed to investigate how the 

act of lying influences predicted and actual memory 

performance through cued- versus free-recall. In encoding 

phase, participants were presented with pictures depicting 

objects and events they might encounter in daily life and 

were questioned about the portions of the pictures they 

previously attended to. They were instructed to answer half 

of the questions by telling the truth and the other half by 

telling a lie in 12 seconds. After 12 seconds, they indicated 

how confident they were in remembering their answer on a 

subsequent memory test, on a scale of 0 (definitely would 

not remember) to 100 (definitely would remember). When 

all questions were completed, the program proceeded onto a 

three-minute distractor phase In Experiment 1, cued-recall 

testing method was used. Participants were given the same 

pictures they saw in encoding phase, but the critical portion 

of the picture that they attended to was covered with a gray 

mask. They needed to remember their answers from the 

encoding phase. If they told the truth, they needed to tell the 

truth again, and if they told a lie, they needed to repeat the 

same lie they told before. In Experiment 2, free-recall 

testing method was used. They needed to recall as many 

answers as they can remember from the encoding phase in 

10 minutes, without being presented with a cue. Finally, in 

the truth-check phase, they were shown the same masked 

pictures as the ones in the memory test phase, but this time 

they were instructed to answer all questions truthfully 

according to the unmasked picture that they saw in the 

encoding phase. If they told the truth before, they were 

asked to repeat their answers again. If they told a lie, they 

were asked to report the correct answer instead of repeating 

their deceptive answers. Results showed that both in 

Experiment 1 and 2, participants started answering quicker 

in truth trials than lie trials, which means that lying depletes 

more cognitive resources than answering truthfully. 

However, this difference was not reflected on predicted 

memory, participants predicted that they would remember 

their truthful and deceptive answers equally well. In 

Experiment 1, truthful answers were remembered often 

more than deceptive answers. In contrast, in Experiment 2 

deceptive answers were remembered more often than 

truthful answers. Providing cues made the actual answers 

more accessible. This claim was reinforced by the fact that 

truth-check memory is higher in truth trials than lie trials in 

both experiments. The results imply that the type of retrieval 

test used to prompt memory may change the pattern of 

actual memory performance for truth and lies, but the 

participants are not sensitive to the type of test in their 

memory predictions.  
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The tilt aftereffect (TAE) is observed when prolonged exposure to a tilted contour causes              
subsequently presented straight contour to be perceived as tilted to the opposite direction.             
Although extensive research has been done on TAE, how it spreads across the visual field has                
not been systematically studied before. Thus, this study aims to fill this gap. 
In this study, we first measured the magnitude of TAE at 15 peripheral locations while               
participants were fixated a central fixation mark. In an experimental trial, 5000 milliseconds             
adaptation to a Gabor patch tilted clockwise by 15 degrees followed by a 200 milliseconds blank                
screen and 100 milliseconds presentation of the test grating. The adapter was presented always              
at the same location in an experimental block, in either visual hemifield, at an eccentricity of                
10.5° along the central row. Test gratings were presented in 15 different locations in the same                
hemifield, including the adapter location. Left and right hemifield tests were counterbalanced            
across participants. Participants indicated the direction of the tilt of the test grating by pressing               
the right or left arrow button on a keyboard. Control conditions were identical to experimental               
conditions except there was no adaptation. The subjective verticality (SV) of the test grating was               
determined by using two 1-up-1-down staircases and fitting logistic regression function to the             
data. TAE magnitude was calculated by subtracting the control conditions’ SV from            
experimental conditions’ SV. In the second experiment, to investigate the possible impact of the              
adapter location, we measured TAE magnitude with two different adapters (above and along the              
central meridian) at 18 test locations (9 test locations for each adapter) by using the same                
procedures. 
In the first experiment, we found a significant spread of TAE across the whole visual hemifield                
(N=19, p<0.05) except one location (down meridian, 2.5° eccentricity) (p=0.472), showing that            
TAE is not limited to the directly adapted location, instead it spreads across the entire visual                
hemifield. In addition, the results of the second experiment revealed that the adapter location              
does not impact this spread (N=11, p=0.538). These results have the potential to guide future               
studies on the functional organization of the visual cortex and to develop better computational              
models. Furthermore, these results may lead to new studies investigating the spatial extent of              
other aftereffects that share similar principles. 
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To comprehend and analyse the human-robot interaction (HRI) have become necessary and inevitable as a result of 

dramatic progression of robotic technologies. The probability of more personal contact with different varieties of 

robots in the future is causing some questions; such as social acceptance of robots, the policies that will be pursued 

about them, and knowing about consumer’s tendencies. Previous researches were including gender and personality 

traits to understand human-robot interaction. Gender, personality traits and ethical tendencies is contained in this 

research. The focus is on human personality, not robot personality. The big five inventory-2, the robot anxiety scale, 

the negative attitudes toward robots scale, an ethical tendencies scale are used. Data were collected by an online 

survey (N = 430). Openness to experience as a personality trait influences negative attitudes towards robots when 

robot anxiety levels of people are moderated. All types of ethical tendencies are moderator between negative 

emotions and negative attitudes toward social influence of robots. Interaction of agreeableness and negative attitudes 

toward emotions in interaction with robots are moderated by the types of ethical tendencies. Openness to experience, 

neuroticism, and agreeableness can have a prominent affect in HRI. More researches should be done. Developing 

coping strategies and interventions, examining work performance of people who work with robots, detecting public 

opinions about robots can be other areas that need more research. 

Keywords:  Human-robot interaction; big five; ethical tendencies  
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Abstract 

Turkish is an agglutinating language relying almost 

exclusively on suffixation. Most suffixes, especially 

derivational ones, carry a distinctive meaning content 

blending with the base semantics and/or changing the base’s 

syntactic category. These are important advantages for a 

computational investigation on morphology, such as 

question answering.  

In this study, we aim to explore distributional and 

semantic structure of Turkish derivational morphology by 

clustering affix vector representations and analyzing the 

neighborhood properties of these clusters. We obtain affix 

vector representations by subtracting the vector of a base 

from the vector of its derived form. We conducted 

experiments on two pre-trained word embedding models, 

three clustering algorithms with extensive tuning across the 

parameter space. Our results show that reliable vector 

representations for affixes can be obtained with this method.  

Introduction 

In order to make effective use of machine learning 

algorithms, NLP tasks use vectors for word representation. 

There are several ways to form these vectors, but word 

embeddings have been by far the most prominent recently. 

The main idea behind this method is that a word’s 

representation shall only depend on the words co-occurring 

with it. As Firth (1957) said, you shall know a word by the 

company it keeps. This is of course distributional meaning, 

and our goal is to narrow down the lexical or sublexical 

source from the distribution, at least for frequent affixes that 

allow such exploration.  

Continuous representation of words has been the number 

one focus area of research for a long time. However, this 

approach leaves a few gaps in the analysis. First, word 

embeddings tell us nothing regarding the semantic contents 

of multi-word expressions or individual morphemes. 

Second, even word embeddings extracted from a large 

corpus fail to cover a language’s vocabulary entirely. The 

out-of-vocabulary problem (OOV), as it is called, is 

especially serious for agglutinating languages such as 

Turkish, Finnish and Korean, for which the type/token ratio 

is typically much higher than other languages. A closer look 

at the subword-level will be crucial in improving the 

performance of many NLP tasks, potentially uncovering 

theoretically interesting connections and patterns in the data. 

Related Work 

There have been attempts towards constructing 

embeddings based on individual characters (Bojanowski et 

al. 2016), morphemes (Cotterell & Schütze 2015), and 

syllables (Choi et al. 2017, Üstün et. al 2018, Şahin and 

Steedman 2019). While these studies achieved competitive 

results, character and morpheme-level embeddings also 

present significant drawbacks. As Choi et al. (2017) 

comment, morpheme-based representation models require 

extensive pre-processing in the form of manual annotation 

or morphological analysis. Such interference risks 

introducing errors and inconsistencies to the data, 

diminishing the advantages of the original unsupervised 

approach. Character and syllable-based representation, on 

the other hand, do not really model distributional semantics 

in the way word or morpheme-based models do. These units 

simply do not possess semantic content themselves. 

There have also been studies investigating relations 

between word pairs through unsupervised learning. Gabor et 

al. (2017), investigate semantic relations between word 

embeddings using analogy pairs. They try to identify 

semantic relations such as content-container and 

component-whole using several similarity metrics. 

Gladkova, Drozd & Matsuoka (2016) study both 

morphological and lexical relations. They present a 99200-

question test set for evaluating word embeddings. Musil, 

Vidra & Mareček (2019) look closely into Czech 

derivational morphology, using both skip-gram and neural 

machine translation models to obtain word embeddings. 

They experiment with the hypothesis that differences 

between word vectors showing the same derivational 

relations would cluster together. Finally, Rosa and 

Zabokrtsky (2019) attempt to distinguish inflection and 

derivation based on character-based similarity and word 

embedding similarity.  

Our aim is to study inflectional and derivational relations 

between Turkish words using word embeddings. The studies 

mentioned above provide several important clues for such 

an effort. Our emphasis will be on derivational affixes, due 

to their more distinguishable and interpretation-changing 

semantic content, but we will not ignore inflectional 

relations, since their regularity in meaning may validate our 

methodology and their clusters may act as control groups. 

Extracting Affix Vectors 

Before we could start constructing vector representations 

for affixes, we needed to prepare large datasets for both 

inflectional and derivational affixes. 



We used two sources to generate derivationally related 

base-lemma pairs. One was the data presented in Github by 

Özbek (2012), containing 88705 Turkish words. We 

extracted derived words by morphological analysis carried 

out with the help of the open source Java library Zemberek 

(Akın and Akın, 2007). Zemberek is a library developed 

specifically for the needs of Turkish NLP tasks.  

Since word embeddings are created based on the 

orthographic form of a word, representations for derived 

words and some inflected forms can share the same word 

vector. For instance, Turkish word “masalı” can have three 

different morphological analyses: the first two have the root 

“masal” (tale), one in accusative form and the other in 

possessive form. In the third analysis, the word is derived 

from the root “masa” (table) with the suffix “-lI” (with) 

(Yüret & Türe, 2006). In order to eliminate the effect of 

ambiguity, we excluded all words having more than a single 

morphological analysis. 

Base-lemma pairs entered the final dataset only if both of 

their components were present in the word embedding 

model. We also removed affixes entirely if they were 

supported by fewer than 20 base-lemma pairs. That left us 

with 438 distinct derivational relations with 7 distinct suffix 

categories out of 574 derivational relations with 17 distinct 

suffix categories.  

Second source for derivational relations was TrLex 

presented in Aslan, Günal & Dinçer (2018). TrLex is a large 

morphological lexicon containing all entries from TDK 

Dictionary for Contemporary Turkish as well as some 

additions by the authors. It is a crucial resource for any 

computational study of Turkish morphology. In this source, 

we did not eliminate entries due to ambiguity in meaning or 

analysis, but labeled suffixes based on the most prominent 

meaning and syntactic category. This way, we could build a 

dataset of 15646 base-lemma pairs out of 44549 derived 

forms in the original data. Out of 202 affix classes we have 

identified, 100 affixes occur in more than 10 instances. Only 

7 affixes occur in more than 500 instances. 

For consistency across our ongoing studies, we converted 

the affix labels in the input according to the coding scheme 

suggested by Bozşahin (2018). Codes are constructed using 

the POS tags of base and lemma, and a chosen allomorph or 

function. For instance, VVI_NEG is an affix of verbal (V) 

inflection, making the verb negative. JND_SIZ, on the other 

hand, is a derivational affix of the form -sIz, making a 

denominal (N) adjective (J).  

We manually prepared a dataset of base-lemma pairs 

linked with inflectional relations. This set is comprised of 

NNI and VVI class affixes (case, plural, possessive, voice, 

tense/aspect/modality and copular). It contains 3141 entries 

for 26 affixes, 24 of which have over 75 instances. 

We used two publicly available pre-trained word 

embedding models.  First one is the Polyglot project (Al-

Rfou, Perozzi, & Skiena, 2013), where models were trained 

for more than 100 languages using Wikipedia datasets. The 

second one is presented in Grave et al. (2018), covering 157 

languages including Turkish. Their models used Common 

Crawl and Wikipedia datasets and trained on fastText. The 

models were trained using Continuous Bag of Words 

(CBOW) model with dimension of 300 and character n-

grams length and window size of 5. 

For each entry in our datasets, we simply take the vectors 

for the lemma and the base from word embedding models. 

Then we subtract the base’s vector from the lemma’s. For 

instance, if we wanted to find the word vector of “-lIK” (-

ness) in “kuruluk” (dryness), we find it by subtracting word 

vector of “kuru” (dry) from the vector of “kuruluk”. We 

obtain a sample of vector representations for each suffix, by 

repeating this for all entries in our datasets. The collection 

of these samples constitutes the basis of our experiments.  

Clustering Affix Vectors 

In order to test the hypothesis that vector differences 

between similar morphological relations would be similar 

(Musil et al., 2019), we used three clustering algorithms 

made available by Pedregrosa et al. (2011). Each of these 

algorithms have strengths and weaknesses depending on the 

distribution of items over the vector space, on which we 

elaborate subsequently.  

KM: K-means algorithm. We used cosine and Euclidean 

distance metrics. KM is successful in clustering non-

intersecting convex groups that are similar in size. 

AGG: Agglomerative Clustering. We used Euclidean 

distance and Ward linkage type. AGG is better with clearly 

separate groups of any shape, provided they show tight 

intra-cluster cohesion. 

GMM: Gaussian Mixture Models. GMM estimates the 

distributional properties of each individual cluster, therefore 

handling possibly intersecting groups of varying sizes much 

better. The groups still need to be distributed according to 

the same family of distributions. 

Expectedly, results depend on a lot of factors including 

the choice of the algorithm and parameters. While we have 

experimented extensively in order to tune our parameter 

choices to the data, we do not report clustering performance 

metrics due to limited space. We only report the best 

clustering results for each experiment. 

Affixes considered in our experiments are listed in Table 

1 along with their sample sizes (SS). 

 

Table 1: Affixes considered in the experiments 
Experiment 1 Experiment 2 Experiment 3 

Affix SS Affix SS Affix SS 

NNI_GEN 100 NVD_MA 2534 XXD_LIK 167 

NNI_PLU 100 JND_LI 2019 XXD_LI 100 

VVI_ARAK 100 NND_CI 1290 XXD_CI 47 

VVI_CAUS 88 NJD_LIK 1047 XXD_SIZ 40 

VVI_NEG 87 NND_LIK 1039 XXD_AN 37 

VVI_PASS 79 JND_SIZ 1005 XXD_SAL 26 
  VVI_NEG 558 XXD_ARAK 21 

 

We evaluate experimental results on confusion matrices. 

Each row represents a cluster and each column an affix 

class. Cells show the ratio of a specific affix to all instances 

in a specific cluster. For instance, 0.43 indicates that 43% of 



the items in the cluster belongs to the affix class of that 

column. 

Experiment 1 

In the first experiment, we randomly selected 6 affixes 

from among the NNI and VVI datasets we manually 

constructed. NNI_GEN (genitive), NNI_PLU (plural), 

VVI_ARAK (ongoing activity), VVI_CAUS (causative), 

VVI_NEG (negative) and VVI_PASS (passive). 

 

Table 2: Exp.1: Confusion matrix for GMM 6 clusters 
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0,00 0,00 0,00 0,09 0,00 0,91 

     

    Affixes used in the first experiment separated nearly 

perfectly. This result was expected for inflectional affixes, 

on the account of their regular meaning and syntactic 

function. Perfect clustering could not be achieved due to 

several reasons: (a) errors in annotation (typos, wrongly 

classified relations etc.) (b) small sample size (especially 

with GMM) (c) homophony (d) vector embeddings for rare 

words being unreliable (e) some affixes simply having 

irregular meanings.  

   We had two annotators during the preparation of 

derivational affixes’ dataset, in order to reduce the impact of 

(a). We focused on affixes with larger samples to alleviate 

(b). At this stage of our study, we are using pre-trained word 

embeddings, but in the future, we might want to train our 

own word embeddings, in case (c) and (d) appear to pose a 

significant problem. The effect from (e) is useful in our 

theoretical analyses. 

Experiment 2 

Our second experiment was on derivational affixes for 

which the TrLex-based dataset contained the largest number 

of entries. Among these, NJD_LIK and NND_LIK only 

differ in the base-lemma POS tags. VVI_NEG is added for 

comparison. 

 

Table 3: Exp.2: Confusion matrix for GMM 7 clusters 
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VVI_NEG and NVD_MA are clearly separated in their 

distinct clusters. This is expected due to their distinct 

meaning content. NVD_MA is represented in two clusters 

due to its high number of instances. NJD_LIK and 

NND_LIK share two clusters, each dominating one cluster. 

If their vector representations were indistinguishable, we 

would expect their distribution to be homogenous across the 

shared clusters. For instance, NJD_LIK and NND_LIK 

would take up around 60% and 40% share respectively, in 

either of the 3rd and 4th clusters. This is clearly not the case. 

Similar results have been consistently repeated in many 

experiments, showing that different classes (such as NJD as 

NND) of the same affix form (such as LIK) may be 

represented differently in the vector space. This distinction 

is mostly ignored in the morphology literature. JND_LI and 

JND_SIZ also share the same clusters, although they are on 

opposite sides of polarity. Finally, NND_CI shares a cluster 

with JND_LI, due to an intersection of their semantics. 

Experiment 3 

In the third experiment, we used the derivational relation 

dataset constructed based on Özbek (2012) with the help of 

Zemberek. This time we did not divide affix classes 

according to the POS tags of bases and derived forms and 

represented the generic affix classes with XX* codes. 

   One of our hypotheses is that frequent affixes would have 

more clearly separated clusters compared to rarer affixes. 

Our results seem to support this hypothesis. We observe that 

affixes like XXD_LIK and XXD_LI whose frequencies are 

the highest, often dominate multiple clusters. On the other 

hand, affixes with smaller sample sizes such as XXD_SAL 

and XXD_ARAK sometimes struggle to achieve majority in 

a single cluster. We are currently repeating these 

experiments with randomly selected equally sized samples. 

 

Table 4: Confusion matrix for KM-Cosine 7 clusters. 
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XXD_LIK and XXD_CI are separated most clearly in 

their respective clusters. Such clear separation of clusters, 

even for derivational affixes, demonstrates that the affix 

vectors we obtained successfully reflect affixes’ distinctive 

properties. Even with the few affixes considered in this 

experiment, we can observe two pairs of affixes, 

XXD_ARAK-XXD_AN and XXD_LI-XXD_SIZ that 

always fall into the same clusters due to the deep similarity 

in their meaning. The results from the latter pair is 

consistent with the results of the second experiment. 

XXD_CI does not share a cluster with XXD_LI as in the 



second experiment, which may be attributed to the 

composition of instances and aggregation of POS tags in the 

third experiment. These points are still under investigation. 

Other Experiments and Future Work 

Our large scale (150-200 clusters) experiments involving 

the entire dataset showed many other results. Limited space 

prevents us from displaying all those results, but here we 

would like to add a few remarks.  

The imbalance between the sample sizes of frequent and 

rare affixes makes it difficult to identify patterns for some 

affixes. Therefore, a large-scale clustering effort must be 

followed up by a closer look at specific affix classes. This is 

what we are currently working on. 

We noticed that thematic roles of derived words affect the 

clusters. XXD_LIK’s distribution is a good example for this 

effect. This is our foothold into lexical semantics of the 

affixes. Among instances with XXD_LIK, the ones 

characterizing a patient tend to gather in one cluster, such as 

“yorgunluk” (tiredness), “nedensellik” (causality) and 

“profesyonellik” (professionalism), while thematic roles 

with agent, like “terzilik” (profession of a tailor), 

“modellik” (profession of a model) and “hekimlik” 

(profession of a doctor) gather in a different cluster. 

We also noticed consistent similarities in the 

representations of some affix classes. These similarities will 

guide us in our efforts towards creating a more complete 

and refined inventory of Turkish affixes. 

Conclusions 

The results from numerous experiments using different 

algorithms and parameters provide ample evidence that it is 

possible to reliably estimate the embeddings for both 

derivational and inflectional affixes by simply subtracting 

the embeddings of bases from the ones of lemmas. While 

the present study has been investigating the domain of 

Turkish affixes, we expect our results to be generalizable to 

other agglutinating languages. 

With the help of affix embeddings obtained using this 

methodology, future research will focus on improving sub-

word-level parsing algorithms and better estimating the 

meaning of OOV tokens. The insights the clustering results 

provide have also been quite valuable in our theoretical 

analyses of Turkish morphology. 
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Effect of expectations on perception of dynamic material properties 
 

Amna Malik, Katja Doerschner, Hüseyin Boyacı 
Bilkent University & Justus Liebig University Giessen 

 
Visual information plays a vital role in object and material recognition. Based on our daily life                
interaction with objects, our brain learns to make associations between how an object looks like,               
what material it is made of and its physical and functional properties. Hence, before even we                
touch an object, simply by looking at it, we have expectations about how it will behave under                 
different forces. For example, we expect a wine glass to shatter if it falls and hits the ground.                  
Upon viewing an object, incoming visual information is combined with prior knowledge to help              
us recognizing objects, accessing their properties and making efficient decisions regarding           
actions involving interaction with objects. In this study we aimed to investigate the role of               
expectations in perception of material properties in dynamic scenes and how they affect             
perceptual decisions. We used novel computer animations of objects falling on ground, which             
are manipulated to behave in an expected or unexpected manner. Observers were asked to              
answer whether the object broke or not upon hitting the ground. We measured reaction times               
and percent correct responses for each condition. We found out that observers take longer to               
respond in the surprising condition. Hence, we concluded that expectations influence perception            
of dynamic material properties and perceptual decision making is delayed when these            
expectations are violated, which implies that additional processing is required when incoming            
sensory information does not match the expectations. 
 
 



The Effect of Surface and Underlying Material on Applied Force and Hardness Discrimination 
 

Bora Çelebi, Funda Yıldırım 
Yeditepe University 

  
Haptic perception has been a crucial aspect of scientific investigations about the human             
capability to assess the object properties they are presented with. Two fundamental input types              
-cutaneous and kinesthetic- have been proved to be the basis of the perception of these               
objects. Although roughness had been studied widely and some models attempted to explain             
this human perception modality, hardness and softness along with the cutaneous inputs need to              
be investigated further. Since studies showed that hardness/softness perception relies on the            
contact area and the deformation of the object, we asked if objects with different hardness               
attributes have a relation with the applied force and the estimation of the applied force. In an                 
experimental setting, we asked participants to evaluate eight objects with different softness            
properties by touching and then assessing the force they applied. We also measured the              
applied force during the tactile exploration of the objects. In this study we showed that when                
presented with a discrimination task, participants tend to apply a stronger force on the hard               
objects and a weaker force on the soft objects with precisive recognition of the force they                
applied. Another important finding was that although manipulating the type of the surface             
material did not affect the applied force ,it had an impact on the accuracy of estimated force.                 
Regardless of the applied force strategy, participants were successful at assessing the softness             
and hardness of the objects. We comment on the exploration strategies that were used by the                
participants to maximize their performance. 
 



Eye Movement Behavior During Evaluation of Emotional Faces under Emotional Priming Effects 
 

Şule Taşlıyurt, Funda Yıldırım 
Yeditepe University 

  
While evaluating faces, the eye movement behavior (fixation, duration and areas on which they              
focus on the face) and strategy vary according to the task at hand. While evaluating the faces in                  
terms of what emotion they preserve, both face expression and the mood of the observer affects                
eye movement behavior. In this study, eye movements of 32 participants were examined while              
viewing negative and neutral faces after they are presented with either negative or neutral              
priming stimuli. Position, number and duration of fixations were analyzed. Four different areas of              
interest (AOI) were defined: eyes, mouth, nose and whole face. As a result of the study, it was                  
found that priming type and stimulus emotion had a significant effect on fixation duration and               
attended AOI. However, the position of fixations did not vary between viewing neutral or              
negative emotion expressions. The relationship between the gender of the participant and their             
fixation numbers, durations and attended AOIs was reported. To conclude, we observed that the              
participants were fixed to the emotional faces more and longer when they were primed with               
negative primers. 
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Introduction
We are subject to a continuous flow of information and we
have to utilize it to show robust, adaptive, and intelligent be-
havior. For the utilization of continuous information, we dis-
cretize it into meaningful units. In the spatial realm, we seg-
ment scenes into objects; in the temporal realm, we segment
a sequence of scenes into meaningful events (Zacks,2020).

Newtson (1973) observed that there is a similarity between
where people segment ongoing activity into events. He asked
participants to segment a movie by pressing a button to de-
tect event boundaries in a procedure called unitization and
realized that event boundaries detected by participants had a
substantial agreement. Moreover, Speer, Swallow, and Zacks
(2003) demonstrated that the decisions of participants did not
change as time passed and showed stability. Also, they found
that participants were capable of segmenting an activity into
small (fine-grained) or large (coarse-grained) events. Event
Segmentation Theory (EST) tries to explain the mechanism
behind event segmentation (Zacks, Speer, Swallow, Braver,
& Reynolds,2007). According to EST, event segmentation
is a side effect of ongoing perceptual predictions, which are
made by event models. The theory asserts that transiently in-
creasing prediction error corresponds to event boundaries and
triggers the use of another event model for the prediction of
the next sensory input.

There are several computational models of event seg-
mentation developed in cognitive science (Reynolds, Za-
cks, & Braver,2007;Zacks et al.,2007;Gumbsch, Kneissler, &
Butz,2016;Gumbsch, Otte, & Butz,2017;Franklin, Norman,
Ranganath, Zacks, & Gershman,2019), artificial intelligence
and robotics (Nery & Ventura,2011;Butz, Bilkey, Humaidan,
Knott, & Otte,2019). Based on the assumptions of the EST,
we propose a computational model of event segmentation and
learning. Our proposed model was inspired from the mod-
els developed by Gumbsch et al. (2016) and Gumbsch et al.
(2017). The main incapability of these models is that they
cannot learn and segment non-linear relationships in a se-
quence of information (Gumbsch et al.,2016,2017). Addi-
tionally, these models cannot learn and segment an event by
passive observation because they assume the role of sensory-
motor interaction for learning and segmenting events.

We introduced a model that can segment ongoing activity
into meaningful parts and learn them through passive obser-
vation. We expect that the model can reliably segment human
behaviors that are depicted as point-light displays (PLDs) and
learn these behavior units.

Architecture
Before explaining the details of the model, we will explain
the model we are inspired. Gumbsch et al. (2016,2017)
developed a computational model of event segmentation.
The computational model assumes that event segmentation is
grounded on sensory-motor experiences and proposes a pro-
cess that can autonomously divide a sequence of information
into more than one event models that correspond to event
segments. Event models involve a set of active linear for-
ward models, each of which is responsible for continuously
predicting the next sensory input by taking the current sen-
sory input and the generated motor command. This complies
with the assumptions of the predictive coding (Gumbsch et
al.,2016,2017).

In the training phase, each forward model generates pre-
diction, calculates prediction error and memorizes the mov-
ing average of prediction error and its variance. If the pre-
diction error of a forward model is higher than an adaptive
value (so-called surprise threshold), the system enters into a
search period. In the search period, forward models coupled
with a new forward model developed for a sensory dimension
are trained within a number of timesteps and a new model
is generated if all models are ineffective for predicting the
next sensory input (Gumbsch et al.,2016,2017). Gumbsch
et al. (2017) introduced a new parameter named confidence
threshold to generate events with different granularities (fine-
or coarse-grained). When the confidence threshold is high,
the system starts determining coarser events because of the
reduced frequency of entering the search period. Forward
model transitions and the corresponding sensory inputs are
associated with each other by multivariate Gaussian distribu-
tion (Gumbsch et al.,2016,2017).

Proposed model
Normally, combination of forward models, each of which is
responsible from one type of sensory observation, constitute
an event model. Gumbsch et al. (2016,2017), sensory modal-
ities are handled independent of each other. In other words,



Figure 1: The algorithm used for training is given. A current event model makes prediction, if the error exceeds surprise
threshold, the system goes to search period in which all models are trained for given timesteps and rehearsal rate. With the
help of errors, the best event model is selected to be the current event model. If the new event model is the best event model, it
becomes the current event model.

each forward model is responsible from a single sensor and
its prediction. However, segmenting complex actions such as
human motions require processing of combination of sensor
modalities. Considering the complexity of event segmenta-
tion, we believe that linear models might not be able to make
successful predictions. For this reason, we changed the type
of an event model to be a multilayer perceptron that is able to
approximate to nonlinear functions.

In detail, our proposed model has one active model in a
time t, which will be mentioned as event model. While pre-
dicting a sequence of behavior in the environment, Mt which
is responsible from predicting the change of every points ob-
served. Mt receives current sensory observation vector St and
tries to predict sensory change vector ∆St+1, which further
gives the predicted sensory observation by

S′t+1 = St +∆S′t+1

For each prediction, Mt learns and updates its weights.
Then, Mt stores its prediction error.

Search period, event model training and switching
Each event model Mt stores its prediction error. From that
error, a threshold rate, namely surprise threshold Φ, is calcu-
lated. Φ(M) is calculated by the rolling mean of the prediction
error e(M) and of the variance σ(M). If the prediction error of
an event model is greater than Φ(M), the algorithm enters the
search period. That is, Φ(M) decides whether the current ob-
servation St is surprising. The event threshold Θ regulates the
coarseness of the event to be segmented and therefore learned
by an event model.

Φ(M) = e(M)+Θ∗σ(M)

If the current error e(Mt ) exceeds the surprise threshold
Φ(M), the model enters the search period, which shows the
possibility that the current event model is not suitable for pre-
dicting the next sensory observation. In the search period,
a new event model is generated. Then, the new event model
and all event models that are in the event schemata are trained
for a given timestep and rehearsal rate. Rehearsal rate corre-
sponds to the number of iterations that event models trained.
Errors generated by all models are accumulated during train-
ing. The model that has the least mean squared error in the
last rehearsal is used for prediction. If the best model does
not correspond to the new model generated at the beginning
of the search period, the new model is removed. Weights of
all models except the weights of the best model is restored.
With the help of the search period, new event models are gen-
erated and all event models are trained if they are eligible to
make prediction. The overview of the algorithm is given in
Figure 1.

Method
Dataset
To assess the capability of the algorithm in segmenting and
learning events, we prepared a training set involving hu-
man actions depicted by PLDs. Behaviors in the training set
are taken from the KIT Motion-Language Dataset (Plappert,
Mandery, & Asfour,2016). The training set involves a type
of behavior defined as “a person picks up and object and
place it on a surface in front of him” in the dataset. X and
Y dimensions of 14 markers were used for depicting human
movements as PLDs. Each behavior taken from the dataset
was normalized. Normally, in the dataset, each behavior has
120 frame-per-second, which is reduced into 12 frame-per-



Figure 2: The behavior sequence used for training.

second, considering the computational efficiency. Trajecto-
ries are formed by attaching the trajectories of the same be-
havior three times. For the second attachment of the behav-
ior, its trajectories are flipped (behavior + flipped version of
the behavior + behavior).The behavior sequence prepared for
training is shown in Figure 2.

Event models and hyperparameters
For depicting an event, we use PLDs, which are the way of
non-pictorial depictions of human movements. PLDs devel-
oped by Johansson (1973), who invented the famous point-
light walker, which is a depiction of human walking repre-
sented by several points. With the help of relative movement
of points, people can perceive various kind of human move-
ments, emotions, actions (Alaerts, Nackaerts, Meyns, Swin-
nen, & Wenderoth,2011), gender (Troje,2008). We believe
that using the marker positions displayed by PLDs provide
sufficient information for the underlying behavior and pro-
vides efficiency compared to the full-body RGB image.

Each event model has two hidden layers involving 64 and
32 neurons with RELU activation functions, respectively.
Since each timestep is represented by 28 values that are X and
Y positions of points and the input window is selected to be 5,
the input size of an event model is determined to be 140. The
output size of an event model is 28 and the activation func-
tion of the output layer is linear. The other hyperparameters
regulating the behavior of the algorithm is given in Table 1.

Results
We evaluated the capability of our method with the same al-
gorithm for the same sequence of information. The only dif-
ference in testing is that weights of event models are frozen
and they are not trained. That is, no weight changes occur in
the search period in the testing phase.

To check whether errors of event models in predicting the
change between the current and the next sensory observation
reduces, we calculated the cumulative error for an epoch by

Table 1: Hyperparameters of the computational model

Parameters Values
Event threshold 2.0
Error window 10
Number of timesteps to predict (Timesteps) 10
Rehearsal 50
Input window 5
Number of pochs 50

the mean of mean-squared error of all event models. Figure
3 shows the cumulative error the algorithm produces. It can
be seen that errors of events models reduce in average, al-
though they are not optimized cumulatively. Figure 4 shows
target and predicted change in X and Y locations of one point
representing the behavior sequence used in the training. It
can be seen that event models can approximate to trajectories
they are responsible from.

In addition to the learning events, our model can generate
finer segments for a given behavior. The segmentation results
of our method is given in Figure 5. It can be seen from the
figure that the algorithm can detect patterns in a behavior. To
explain better, we can symbolize the data such that the behav-
ior taken from the dataset is coded as b1. The flipped version
of b1 is coded as 1b. Then, we can represent the whole trajec-
tory used in training as b1 + 1b + b1. It can be seen from the
figure that b1 is composed of event models colored by green
(0), cream (1), red (2) and blue (6) colors. 1b (the flipped ver-
sion of b1) is composed of event models colored by purple
(3), green (0), and cream (1) colors. That is, for segmenting a
sequence of behavior, the same event model is used if needed
and this occurs in a reliable manner. Colors, labels and pos-
sible definitions of the fine-grained events segmented by our
method are given in Table 2.

Figure 3: The figure shows that cumulative error decreases.

Figure 4: The prediction of event models for one point.



Figure 5: The segmentation results produced by our method. The yellow lines in the first and second figures show the merging
points of the behavior. The color change in the fourth figure shows the point at which an event transition occurs. These points
correspond to points at which prediction error shows a transient increase.

Table 2: Events segmented by the computational model

Event Labels Colors Definitions
0 Green bending over to get something
1 Cream straightening up with something
2 Red putting something on the shelf
3 Purple taking something from the table
6 Blue waiting

Discussion and Conclusion
In this study, we introduced a computational model that is
able to segment a sequence of human behavior into verbally
definable and meaningful parts and generate events models
that learn them. In this application, the length of considered
event segments is short. In future, we aim to determine and
learn longer event segments with the same method.
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Auditory Localization Performance based on Various Sensory Training Modalities and Material 
Properties 
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Sound localization is a fundamental ability of humans for interacting with the environment. While              
sensory mechanisms enable localization, multisensory integration such as audio-visual         
integration serves important cues to localize a sound source in a visually dominant environment.              
According to a considerable number of studies, how this integration takes place depends on the               
task difficulty and object properties. However, the role of auditory and visual prime cues in               
localizing an impact sound on a material was not much studied. In this regard, we provided the                 
participants with impact sounds obtained by hitting on different impact locations of 6 objects.              
Prior to the experiment, participants were presented with cue primes to provide them with              
information regarding the sound stimuli. The four prime modalities were audio-visual, visual,            
auditory and one without priming. We concluded that unimodal perception of combined            
multisensory cues did not enhance the accuracy of sound localization. However, the lowest             
performance was measured in no priming condition. We argue that when provided with visual              
cues, vision might be playing a dominating role during the processing of sound localization. Also               
we found out that stiffer and more linearly aligned materials degrade the accuracy of sound               
localization according to the priming condition. 
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Introduction
The interaction between size and contrast in motion per-
ception has been intensively studied: as the size of a drift-
ing high (low) contrast grating increases, detecting its direc-
tion of motion becomes harder (easier) (Turkozer, Pamir, &
Boyaci,2016;Tadin, Lappin, Gilroy, & Blake,2003;Schallmo
et al.,2018). This has been attributed to the surround-
modulation mechanisms in the visual system. Although sev-
eral studies have found supporting evidence for this hypoth-
esis, it has not been unequivocally proven thus far. Here we
tackle this problem using a set of drifting stimuli consisting
of annulus apertures with different sizes and contrasts, and
testing out whether stimuli covering surround portion of a
receptive field (RF) would enhance or hinder perception of
motion.

Method
Using two contrast levels (high: 98%, low: 3%), we measured
temporal motion discrimination thresholds (shortest amount
of time required to successfully perceive the motion direc-
tion) using adaptive staircase procedures. Our stimuli were
foveally presented sinusoidal gratings (1 cpd), drifting left or
right (randomized, 2 cps), modulated with a Gaussian tempo-
ral ramp (2 SD in the stimulus duration). The annulus aper-
tures varied in sizes for both inner and outer diameters (In-
ner 1◦-Outer 5◦, 2◦-5◦, 1◦-12◦, 2◦-12◦). Each condition had
80 trials.Participants (N = 8) were seated 75cm away from
a CRT monitor (refresh rate: 120Hz), and their heads were
stabilized using a chin-and-head rest. They were required to
keep fixation at the center of the screen and report the per-
ceived direction of motion (left or right) by using a standard
keyboard.

Results and Discussion
According to repeated measures two-way ANOVA, there was
main effect of size (F(3,18) = 4.60, p = 0.015) and contrast
(F(1,6) = 7.41, p = 0.035). We also found an interaction be-
tween size contrast (F(3,18) = 4.85, p = 0.012). However,
in terms of simple effects, only low contrast stimuli differed
significantly across sizes (F(3,18) = 8.17, p = 0.0013) and
we also only see a significant difference between low and

high contrast 1◦-12◦ annulus aperture (F(1,6) = 10.13, p =
0.018). In paired sample t-tests, there was no significant dif-
ference in same sized annulus apertures between low and high
contrasts. Additionally, annulus apertures with fixed outer but
varying inner diameter were not significantly different when
presented within same contrast.

Our results showed that in low contrast, annulus apertures
with smaller outer diameter allow us to see the facilitation
effect, however as the outer diameter increase we again see
a drop in thresholds, which may be caused by a supression
effect regardless of contrasts (Angelucci & Shushruth,2013).
Yet, because we did not see a significant change across sizes
in high contrast, these results may indicate that surround-
modulation mechanisms may better work with an RF with-
out center in low contrast situations. Another perspective for
non-significance in high contrast could be caused by atten-
tion. When a person narrows down their visual attentional
field (in our case, this could be caused by participants attend-
ing only to fixation point), suppression of surround dimin-
ishes (Reynolds & Heeger,2009).
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Sensitivity to a centrally presented stimulus may be affected by its surrounding context. For 
example, motion direction detection thresholds increase when the size of a high-contrast drifting 
Gabor patch increases. Correspondingly, in the primary visual cortex, the responses of a neuron 
to stimuli in its receptive field is suppressed by iso-oriented stimuli presented in its surround. This 
suppression is strongly affected by contrast and exactly where the surround is presented: the 
activity increases (decreases) for low-contrast (high-contrast) stimulus presented within the region 
called ‘near surround’, and decreases irrespective of the contrast of the stimulus presented in the 
region called ‘far surround’. Using stimuli that minimize the contribution of the near surround, we 
investigated the modulation caused by the far surround alone. We used a motion direction 
discrimination task with foveally presented drifting sinusoidal gratings with a fixed size (diameter: 
1.3°). The grating patch was presented alone (‘Center’) or surrounded by either a 2° or 8° thick 
annulus (‘Center+2°-annulus’ and ‘Center+8°-annulus’). Near surround (1.3° to 4°) remained 
unstimulated in all conditions. Furthermore, to assess the contribution of near surround we 
included conditions where we foveally presented grating patches with 6° and 12° in diameter, 
corresponding to the outer diameter of the 2° and 8° annulus respectively. In each trial duration of 
the presentation, defined as 2 SD of a temporal Gaussian envelope, was adjusted based on the 
history of the observer’s responses following an adaptive procedure. Discrimination thresholds 
were calculated by fitting the responses with a logistic function. In low contrast, thresholds were 
significantly less under the Center+2°-annulus condition than the ‘Center’ condition (p < .001) and 
the Center+8°-annulus condition (p = .001). These results are in line with animal studies and show 
that for a low contrast pattern, a weaker activation of far surround evokes facilitation, but as the 
annulus width increases and more of the far surround is stimulated, facilitation diminishes. In high 
contrast, there were not any significant differences across Center, Center+2°-annulus, and 
Center+8°-annulus conditions (p > .05), although there was an increasing trend in duration 
thresholds that as the annulus size increases, far surround tends to be suppressive. Thresholds 
were less for Center+2°-annulus condition than the 6° patch condition in low contrast (p < .001). 
This suggests that at low contrast stimulating the near surround leads to a decrease in facilitation 
caused by a thin annulus presented in the far surround. At high contrast, thresholds were less for 
the Center+8°-annulus condition than the 12° patch condition (p = .008). This suggests that 
suppression increases when the far surround is stimulated with a bigger annulus at high contrast. 
Taken together, our results show that stimulating the far surround evokes facilitation when it is 
weakly activated by a thin annulus at low contrast and stimulating the near surround decreases 
this facilitation; and stimulating the near surround increases suppression caused by the large 
annulus in high contrast. 
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Investigating the Audiovisual Side of Uncanny Valley: A Cross-Generation Behavioral Study 
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Uncanny valley effect is a phenomenon whereby a computer-generated graphical figure or            
humanoid robot carrying a near-identical resemblance to a human being arouses a sense of              
eeriness or revulsion in the person viewing it. We conducted a behavioral study to explore the                
uncanny valley effect caused by audio-visual factors of the stimuli, representing different levels             
of human-robot attributes such as face and voice. We investigated if the incongruency of audio               
and visual aspects that may prevent us from meeting conceptual expectations play a role in the                
uncanny valley effect. The effect of different age groups was also evaluated. Our findings              
revealed a main effect of unimodal factors of stimuli on the uncanniness ratings. Audio and               
visual factors were both strong predictors of the results while there was also a trend of                
interaction between these variables. In the older age group, face-voice stimuli mismatch created             
a possible uncanny valley effect. We conclude that uncanny valley is a phenomenon caused by               
multisensory cues although there exists a literature bias of its visual aspects. We also discuss               
the results regarding what role may conceptual congruence play while evaluating robotic stimuli. 
 



The Relationship between Sensory Perception and Consumer Behavior: from Traditional Foods 
to Novel Foods 
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In this study, the effect of systematically replacing the fat type of a traditional recipe (un helvası)                 
between 10-40% with pumpkin seed flour, a fat replacer, is investigated to understand how              
consumer acceptance is affected by the perceptual changes. Visual and texture perception            
attributes were used to estimate the perceptual changes in the varying recipes. 10%, 20%, 30%               
and 40% fat replaced un helvası (flour helva) samples were compared with the control sample               
prepared by using the traditional recipe. Regarding un helvası, attribute scores in softness,             
hotness, smoothness, humidity and brightness were decreased with fat reduction and addition            
of pumpkin seed flour concurrently. Reducing fat content had no significant effect on the              
perception of color, stickiness and unevenness. 10% and 20% and 30% fat replaced helva              
products were identified as the most similar products with the authentic control product             
according to consumer judgements. While the most preferable helva was chosen as the control              
group by consumers, 10%, 20% and 30% helva products had approximate scores for consumer              
preference. The perceptual evaluation of brightness, stickiness, moisture and smoothness were           
found to be correlated, which provides an insight regarding how dimensions to food perception              
may be interpreted. Last but not least, this study poses an example of how food engineering                
and gastronomic sciences can engage with cognitive science disciplines for operating the            
interaction between food perception and consumer behavior. 
 


