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Abstract 

Literature has suggested that self-faces are processed 

differently at various stages of information processing. 

Although mechanisms like familiarity, implicit positive 

attitude, emotional arousal, dual-coding, and dopamine 

reward pathway have been theorized to explain this effect, it 

may share a fundamental basis in the attentional mechanism 

resulting in perceptual prioritization for self-face. In this 

study, we have assessed the attentional bias resulting from the 

self-face (over other familiar and unfamiliar faces), by using 

face pairs as cues before a dot-probe task. We looked at 

reaction time and its underlying latent variables as a function 

of face pairs used as cues. We find that both self-face and 

familiar face result in a faster reaction time for subsequent 

stimuli at cued locations. Though self-face shows this 

advantage for both short and long cue-time, a familiar face 

shows the advantage only for longer cue-time. We also found 

that drift rate bias is found for the location where self-face is 

presented. Familiar faces show a prior bias (z) as the reason 

for underlying advantage. We conclude that although, self-

face, as well as familiar faces, might bias the processing of 

subsequent stimuli the underlying latent factor might differ.   
 

Keywords: self-face; attentional bias; DDM  

Introduction 

There is huge literature demonstrating that our cognition is 

biased toward the self. This self-bias has been originally 

called the self-reference effect (Rogers et al., 1977). Trait 

adjectives paradigm and ownership tasks have been used to 

measure self-reference effects in the domain of memory. It is 

found that our memory for the objects or adjectives related to 

us is better than for the ones related to others (Bredart, 2016). 

This self-reference effect for memory has also been observed 

in adults as well as children (Cunningham et al., 2013). Shape 

label matching tasks have been used to test the effect of 

newly established self-association with arbitrary shapes on 

perception (Sui et al., 2012). Results showed an advantage in 

terms of reaction time and accuracy for self-associated pairs, 

despite contrast reduction, depicting the effect of self-

reference on the low-level perceptual processing. A similar 

advantage has been observed by some studies when self-face 

is taken as a stimulus. Perceptual judgment for orientation 

(head facing leftward or rightward) is faster for our face than 

for the other faces (Liu et al., 2016). Memory-based 

(familiarity judgment) and perception-based (head 

orientation task) identification tasks for faces have supported 

self-face advantage over other faces (Bortolon & Raffard, 

2018). A prior-entry effect for self-face has been observed for 

both direct temporal order judgment as well as orthogonal 

emotion identification tasks (Jublie & Kumar, 2021). 

The mechanisms behind the self-face advantage may 

include familiarity, increased emotional arousal, implicit 

positive attitudes towards the self, dual encoding (configural 

and featural) of self-face, multisensory information, and 

integrative self-hypothesis, the dopamine reward pathway 

(Bortolon & Raffard, 2018; Ota & Nakano, 2021). Another 

mechanism is an automatic capture of attention by self-face 

(Wojcik et al., 2018). However, other studies have claimed 

that controlled attentional resources are required to process 

self-face (Keyes & Dlugokencka, 2014).  Studies have shown 

that self-faces can influence processing due to problems in 

disengagement of attention from the self-face once attended 

to (Devue et al., 2009). 

One way to tease apart the effect related to attentional 

capture versus disengagement is to use a dot-probe task, 

before which self-face is presented either congruent or 

incongruent to the subsequent dot-probe. If automatic 

attentional processing is the primary mechanism via which 

self-face processing advantage occurs, one would expect self-

face to grab attention resulting in self-faces influencing the 

processing of the probe. Similarly, using a dot-probe task, 

researchers have shown a difference in dot-detection 

sensitivity using EEG measures (Wojcik et al., 2018). Liu and 

colleagues (2016) found that the dynamic orientation of the 

self-face can act as a strong ecological cue for attention and 

in reducing the uncertainty of the decision-making. However, 

in a digit parity task conducted by Devue & Bredart (2008), 

the self-face seemed to have a temporary distraction but that 

was not different from the distraction created by any other 

familiar face.  

To investigate whether the deployment of attentional bias 

occurs for self-face, we used a dot-probe task cued by face-

pairs differing in identity to understand how performance on 

the dot-probe detection task is mediated by the processing of 

self-faces. To understand what components of attentional 

processing are affected by self-face cues, faces were 

presented as cues at left or right visual angles before the target 

(an asterisk), and the participants had to respond to the 
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location of the target (see Figure 1 for trial structure). Cue 

presentation time was manipulated as it reflects different 

stages of processing.  We performed DDM on the 

RT/accuracy data. We expected that a congruent self-face cue 

will result in an enhanced attentional bias towards the dot-

probe (compared to other faces).  

 

Method 

Participants 

We earlier planned the experiment to obtain a moderate 

effect size of 0.75 (Cohen's d) and a power (1- Beta) of 0.8, 

and alpha =0.05. We calculated power for multiple-way 

ANOVA. The sample size of 31 was calculated in 'R v4.1.1' 

using function wp.kanova() in the package 'WebPower'.  

In total, 32 students (16 females, 16 males) of IITK within 

the age range of 18-28 with normal or corrected-to-normal 
vision participated in the study. Each participant was 

compensated with an amount of Rs. 50 for participating in the 

experiment. The study was approved by the Institute's Ethics 

Committee of IIT Kanpur (IEC Communication No: 

IITK/IEC/2018-19/I/11).  

 

Apparatus 
   The experiment was conducted on a standard IBM PC at a 

refresh rate of 60 Hz and a resolution of 1,024 × 768 on a 24" 

LED display. Participants were seated at a distance of 60 cm 

from the monitor screen and gave their responses through a 

standard QWERTY keyboard. The experiment was designed 

using PsychoPy. 
 

Stimulus  
  Stimuli consisted of grayscale photographs of participants, 

their friends, and strangers as the ones used in experiments 1 

and 2. The face (as cue) was presented at an angle of 4*4 

degrees at an eccentricity of approximately 6 degrees from 

the center. The target appeared after the stimulus and was 

presented at an angle of 4*4 degrees at an eccentricity of 

approximately 6 degrees from the center or at the center.  

  
Procedure  
   In the first phase, participants were requested to get their 

friends along with them at Media Lab, IIT Kanpur. Consent 

for taking photographs was obtained from both the 

participants and their friends, along with the consent to take 

part in the experiment. In most cases, both the participant and 

their friend took part in the main experiment. A professional 

photographer took pictures (exhibiting happy or neutral 

expressions) in controlled settings. The photographs were 

clicked and collected for a gender-neutral unfamiliar face 

(volunteers were not a part of the campus) beforehand for 

female and male participants. These photographs were 

cropped to an oval frame to remove facial hair and any other  

     
 

Figure 1: Trial structure for the experiment. The dotted 

circle in the right visual field in the third slide indicates that 

the probe can appear in the right position too. 

 

identifications then converted to grayscale and matched for 

contrast using MATLAB. 

   Fifteen other participants (who did not take part in the 

experiment and were not photographed) categorized the 

facial expression as 'sad', 'happy', or 'neutral', and rated these 

photographs on a five-point rating scale for valence, 

intensity, arousal, and genuineness. The photographs were 

presented in randomized order, and each participant rated 

each picture five times for every domain. We did not find any 

difference in the rating between self-faces, friends face, and 

an unfamiliar face on any of the rating parameters. 

    The participants performed a dot-probe task where each 

trial began with a fixation cross, after which a face cue 

appeared on left and right, which was followed by an asterisk 

(*) target at the left or right. It was followed by a blank screen 

and the participants had to respond as quickly as possible 

whether the target appeared on the left or right by pressing 'z' 

and 'm' keys respectively.  

    Each participant completed a practice block of 24 trials, 

followed by the main experiment having 384 trials. The order 

of presentation and location was randomized. The main 

experiment was divided into four blocks with compulsory 

breaks in between. The interaction between cue by the 

preferred face (congruent, incongruent) * cue-time (50 ms, 

150 ms) = 2*2 was analyzed for three pairs of faces (self-

friend, self-unfamiliar, and friend-unfamiliar).  
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Results & Discussion 

Reaction Time Analysis 

  Every participant’s data was accepted for having >70% 

accuracy. To make the analysis’ understanding clear, three 2 

x 2 repeated measures ANOVA were conducted for three 

face pairs. The significant effects are briefed below. 

  For the Self-Friend pair, the main effect of cue-time, 

(F(1,31)=20.81, p=.000, Ƞ2=.40) was found significant. 

Tukey’s post hoc analysis indicates (t(31)=4.56, p=.000) that 

the reaction time was faster for 150 ms cue-time (Mean RT = 

445 ms) as compared to that of 50 ms (Mean RT = 466 ms).  

  For the Self-Unfamiliar pair, the main effect 

of cueing (F(1,31)=6.27, p=.018, Ƞ2=.19) was found 

significant, and post hoc analysis indicates (t(31)=2.5, 

p=.018) the reaction time faster for the case when self-face 

(as cue) and target (*) were congruent (Mean RT= 446 ms) 

as compared to when they were incongruent (Mean RT= 

454 ms).   

 

 
 

Figure 2: Mean Reaction Time for preferred face in each 

pair. 

 

 

 

  
 

Figure 3: Interaction between cueing and cue-time for 

FU pair.  

  
 

Figure 4: Mean accuracy percentage. 

 

  The interaction effect Cue*Cue-Time for Friend-

Unfamiliar pair was found significant (F(2,62)=14.15, 

p=.001, Ƞ2=0.31) (see figure 3). We found that for 150 ms 

cue time reaction time for the congruent condition was faster 

than the incongruent condition (Mean Difference=33.5 ms, 

p=0.034) and the difference between (Mean 

Difference=33.68, p=0.033) 50 ms and 150 ms cue-time was 

significant for congruent condition. 

   Based on the above results we can conclude that both 

familiar, as well as self-face, can bias attention when 

presented against an unfamiliar face. For self-face, this bias 

occurs early (50ms cue duration as well as late 150ms cue 

duration). However, for a friend's face, the bias is seen only 

at longer cue durations. When a self-face is paired with a 

familiar face, no differential attentional bias is observed 

towards either of the two faces. 
 

Accuracy Analysis  
Similar to RT analysis, three 2 x 2 repeated measures 

ANOVA were conducted for three face pairs. None of the 

main effects or interaction effects were significant for 

accuracy for any face-pair, making the self-face advantage 

questionable. To understand the underlying mechanism of 

parameters determining the inconclusive behavioral results in 

the RT analysis and non-significant effects in accuracy data, 

we conducted the DDM for all face pairs in the next section 

which will provide information about the prior bias that faces 

as cues are supposed to create. 

 

DDM analysis  
    Drift diffusion model (DDM) analysis has been used to 

analyze the specific model (or models) through which the 

self-reference effect has affected the task performance 

(Golubickis et al., 2019). In any task, there are two distinct 

ways in which decisional processing can be biased. Firstly, 

how a stimulus is processed; secondly, how a response is 

generated; with each source of bias reflecting a different 

underlying component of decisional processing (Voss et al., 

2013). While variability in stimulus processing affects the 

quality of information gathering during decision-making  
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Table 1: DIC values for Cue*Cue-time for different models. 

The models with the least DIC are highlighted in bold. 

 

   Varying Parameter SF SU FU 

v -9547 -9580 -9612 

z -9587 -9573 -9657 

v, z -9567 -9552 -9638 

Null -9366 -9391 -9541 

 

(i.e., stimulus bias), adjustments in response preparation 

influence how much evidence are required before a specific 

response is made. Another bias is caused by starting point, 

which indicates bias that people might have even before they 

process the stimuli. 

The DDM assumes that during two alternative forced-

choice tasks (e.g., respond to the location of the probe 

whether left or right), noisy information is continuously 

sampled until sufficient evidence is acquired to initiate a 

response. The parameter drift rate (v) estimates the speed of 

information gathering (i.e., larger drift rate = faster 

information uptake), and is interpreted as a measure of the 

quality of visual processing during decision-making. 

Boundary separation (a) estimates the distance between the 

two decision thresholds (i.e., whether the response is in favor 

of self-face or friend's face), hence indicating how much 

evidence is required before a response is made (i.e., larger 

values indicate more conservative responding). Another 

parameter of interest, the starting point (z) defines the 

position between the decision thresholds at which evidence 

accumulation begins. If z is not centered between the 

thresholds (i.e., if z is 0.5), this denotes a prior bias in favor 

of the response that is closer to the starting point, that is, less 

evidence is required to reach the threshold. Non-decision 

time (t) indicates the time taken for stimulus encoding and 

motor processes. 

   We used HDDM which is an open-source software package 

written in Python for the hierarchical Bayesian estimation of 

drift diffusion model parameters (Wieki et al., 2013). Models 

were response coded, such that the upper threshold 

corresponded to the response congruent to the preferred face 

(S in SF and SU; F in FU) and the lower threshold to the non-

preferred face (U in FU and SU; F in SF). To identify the 

mechanism by which self-face biases information processing, 

we calculated Deviance Information Criterion (DIC) values 

for models with v: dynamic bias model, z: prior bias model, 

and vz: multi-stage model (based on Golubickis et al., 2019) 

when being allowed to vary as a function of cue congruency 

and cue-probe ISI. Bayesian posterior distributions were 

modeled using a Markov Chain Monte Carlo (MCMC) with 

5000 samples (following 200 burns in samples).  

  The DIC value for a model reflects the overall fit to the data 

at the participant and group levels. The model with the least 

DIC is considered the best for defining the performance. By 

comparing DIC values of cue-time*cue with the null model 

for all face pairs (see Table 1), we found that the value for all 

models is smaller as compared to the respective null models.  

   For SU face-pair, we observed the lowest DIC values for 

the dynamic bias model where the parameter drift rate (v) was 

allowed to vary freely while other parameters were kept fixed 

(DICv-DICnull=-189), indicating that presentation of self-face 

(against an unfamiliar face) increase sampling rate for 

subsequent stimuli both especially for higher cue-time (For 

details, see Table 2).  

     For SF and FU face-pair, we observed the lowest DIC 

values for the prior bias model where parameter z was 

allowed to vary freely with cue-time*cue while other 

parameters were kept fixed. For details of SU pair (DICz-

DICnull=-221), and FU pair (DICz-DICnull=-116). Results 

suggest that RT benefits that we see earlier for a friend's face 

(compared to an unfamiliar face) are due to an increase in bias 

towards the friend's face for greater cue-time (see Table 3 and 

4). Similarly, we see a greater starting point bias for self-face 

(compared to friend’s face). 

    The overall results indicate that although self-face and 

friend's face both show a cueing advantage in a dot-probe task 

(over unfamiliar faces), latent factors suggest that the 

advantage might stem from different biases. While the 

advantage for a friend's face (familiarity) results from a prior 

bias, the advantage to self-face results in an increased 

sampling rate for subsequent stimuli. When self-face and 

friend's face are compared with each other, we still observe 

some processing advantage for self-face (although in form of 

a starting point bias).   

    When we compared the values of prior bias (z) for different 

cue-time in congruent conditions, we found pBayes< .001 for 

both SF and FU pairs. This again supports the disengagement 

from the face as the major source of advantage for these two 

pairs. However, when we compared the values of z for 

different cue-time in incongruent conditions, we found 

pBayes< .05 for the FU pair only, establishing that here self-

face is not engaging against a friend's face. 

 

Table 2: Values for drift rate (v) for SU pair (z=0.61). 

 

 

 

 

 

 

 

 

 

Table 3: Values for starting point (z) for SF pair. The bold 

row indicates pBayes (bias > 0.5) < .001. 

 

Cue-time (ms) Cue z 

50 Congruent 0.58 

50 Incongruent 0.58 

150 Congruent 0.63 

150 Incongruent 0.58 

Cue-time (ms) Cue v 

50 Congruent 7.31 

50 Incongruent 7.34 

150 Congruent 8.21 

150 Incongruent 6.92 
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Table 4: Values for starting point (z) for FU pair. The bold 

row indicates pBayes (bias > 0.5) < .001. 

  

Cue-time (ms) Cue z 

50 Congruent 0.52 

50 Incongruent 0.52 

150 Congruent 0.57 

150 Incongruent 0.5 

 

The results, hence, support that presentation of self-face 

results in an attentional bias towards itself. A similar 

advantage is also seen for familiar faces. However, it might 

be wrong to reduce the self-face processing related 

interactions with attention to familiarity. Our results show 

that the kind of biases that familiarity creates and the kind of 

biases that self-referentiality creates might be different. 

While familiarity results in a bias for initial selection bias 

toward the familiar face. Processing a self-face might result 

in a subsequent increase in the rate at which information is 

sampled from the region in which the self-face was 

processed. However, results are not completely conclusive 

about other aspects of self-face processing. For example, we 

did not find an increased sampling for self-face when it was 

compared with a friend's face directly. Similarly, we did not 

find any self-face advantage (against a friend) in the 

processing of incongruent trials, where the self-face and 

probe were at different locations. To summarize, both self-

face and other familiar faces show an advantage in terms of 

reaction time for subsequent stimuli, the underlying 

psychological process might be different. While self-face 

shows a subsequent increase in drift rate for processing of 

stimuli, friends face shows a starting bias.  
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