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Abstract

Initial romantic attraction (IRA) refers to a series of positive reactions (such as feel-

ings of exhilaration and compulsive thinking) toward desirable potential partners,

usually at initial or early-stage encounters when no close relationship has yet been

established. After decades of effort, the evolutionary value and key characteristics of

IRA are well understood. However, the brain mechanisms associated with IRA are

unclear. To address this question, we simulated a mate selection platform similar to

that of Tinder. When participants assessed their romantic interest in potential part-

ners on the platform, their electroencephalogram (EEG) signals were recorded in real

time. The behavioral data demonstrated that IRA to ideal potential partners mainly

reflects the dimensions of arousal and domination. The main study finding was that

processing of the individual preference faces that resulted in IRA was associated with

a decrease in power in the alpha and lower beta bands over the posterior and ante-

rior sensor clusters; this occurred between 870 and 2,000 ms post-stimulus. Key

findings regarding event-related potentials (ERPs) sensitive to individual stimuli pref-

erences were replicated. The results support the hypothesis that brain oscillations in

the alpha and lower beta range may reflect modulation in cortical activity associated

with individual mate preferences.
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1 | INTRODUCTION

Attraction to a person during an initial encounter is generally the first

step or the initial motivation to develop a romantic relationship

(Gerlach & Reinhard, 2018; Olderbak, Malter, Wolf, Jones, &

Figueredo, 2017). This attraction has inconsistently been referred to

as romantic attraction (Asendorpf, Penke, & Back, 2011; Fisher, Aron,

Mashek, Li, & Brown, 2002; Gerlach & Reinhard, 2018), initial

attraction (Olderbak et al., 2017), initial romantic attraction (IRA;

Finkel, Eastwick, & Matthews, 2007), romantic interest at zero

acquaintance (Asendorpf et al., 2011), and love at first sight (Grant-

Jacob, 2016; Zsok, Haucke, De Wit, & Barelds, 2017). Here, the term

IRA is used to describe this attraction. The IRA has a complex and

multifaceted structure. It refers to a series of positive reactions

toward ideal potential romantic partners, mainly including feelings of

exhilaration, compulsive thinking, focused attention, and a craving for
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emotional union (Finkel et al., 2007; Fisher, 1998; Fisher et al., 2002;

Fisher, Aron, & Brown, 2005; Gerlach & Reinhard, 2018). As one of

the major emotion-motivation systems that humans display during

mating and reproduction, the evolutionary value of IRA facilitates

mate choice and enables individuals to focus their mating energy on

specific potential mates (Fisher, 1998; Fisher et al., 2002; Fisher

et al., 2005; Gerlach & Reinhard, 2018).

The 1960s and 1970s witnessed the heyday of research on IRA.

During this time, psychologists conducted a great deal of fruitful

research and discovered a variety of factors (such as physical attrac-

tiveness [PA] and similarity) that predict the experience of romantic

attraction (Asendorpf et al., 2011; Conroy-Beam & Buss, 2016; Coo-

per, Dunne, Furey, & O'Doherty, 2012; Finkel et al., 2007; Olderbak

et al., 2017; Zsok et al., 2017). Since the early 1980s, however, inter-

est has shifted, and scholars have begun to direct their attention and

resources to the study of ongoing romantic relationships. This has

indirectly contributed to a prolonged downturn in academic interest in

the study of IRA. Recently, however, this trend has started to reverse

(Finkel et al., 2007). One of the important reasons for this shift is that,

with the advent of the Internet era, an increasing number of young

people tend to use efficient and convenient Internet tools (such as

Tinder) to find desirable partners. While participating in online dating

platforms, people often make subjective decisions about whether to

further develop a potential relationship with a potential partner based

only on first impressions (i.e., IRA). In this dating scenario, the impor-

tance of IRA in mating and reproduction is so important that it cannot

be ignored. Tracking neural responses while the participant makes a

preferential decision (i.e., mate choice) may, therefore, provide a

unique window into the mental processes underlying subjective

decision-making. However, to our best knowledge, most research on

IRA has been conducted at the behavioral level, and the brain activity

and neural pathways associated with IRA are almost entirely

unresearched.

The essence of IRA is a series of positive responses to ideal

potential mates, including positive emotional responses (such as feel-

ings of exhilaration and a craving for emotional union; Fisher, 1998;

Fisher et al., 2002; Fisher et al., 2005; Gerlach & Reinhard, 2018). Pre-

vious studies have demonstrated that stimuli triggering IRA are emo-

tionally salient and elicit a strong positive reaction based on individual

mate preferences (Hajcak, MacNamara, & Olvet, 2010). Although

there is a lack of research on the brain mechanisms mediating IRA,

there is an abundance of research on other positive reactions elicited

by individual preferences. For instance, a large number of ERP studies

have reported that the processing of individual preference stimuli is

strongly associated with N200 over the frontal-central neural regions

(occurring between 180 and 400 ms post-stimulus) and an enhanced

late positive potential (LPP) over the centroparietal regions (occurring

approximately 400–1,000 ms post-stimulus; Fu Guo, Wang, Liu, &

Jin, 2016; Goto et al., 2019; Hu et al., 2020; Ma, Qian, Hu, &

Wang, 2017). The N200 response is suggested to be associated with

bottom-up stimulus-driven (automatic) attention capture (Fu Guo

et al., 2016; Goto et al., 2017; Goto et al., 2019; Hu et al., 2020;

Patel & Azzam, 2005), while LPP is believed to reflect top-down

motivation-driven attention allocation (Fu Guo et al., 2016; Goto

et al., 2017; Goto et al., 2019; Liu, Huang, McGinnis-Deweese, Keil, &

Ding, 2012). In contrast, changes in neural oscillations induced by

processing individual preference stimuli are less well understood, and

the results reported in the current literature are vague. For instance,

among the few studies examining the processing of individual prefer-

ence stimuli, some studies have reported that individual preference

stimuli (such as favorite foods) can induce decreases in the power of

the lower beta band (13–20 Hz; Al-Ozzi, Botero-Posada, Lopez Rios, &

Hutchison, 2021; Tashiro et al., 2019), while other studies have

reported that individual preference stimuli (i.e., preferred faces) cause

a decrease in alpha power (but not beta power) through event-related

desynchronization (ERD; Kang, Kim, Cho, & Kim, 2015). Therefore,

the currently ambiguous question regarding whether the processing

of individual preference stimuli is related to alpha-ERD or beta-ERD

responses needs to be further investigated.

The main aim of the present study was to determine the brain

oscillatory responses associated with IRA. To investigate the brain

activity associated with IRA, we simulated a Tinder-like partner selec-

tion platform. Participants were asked to use the dating platform as if

they were selecting desirable potential partners. Their brain electrical

signals were recorded as they viewed photos of each potential partner

and simultaneously assessed their IRA in that potential partner

through self-reported scale responses. Specifically, during the electro-

encephalogram (EEG) recording task, we asked heterosexual partici-

pants to rate photos of opposite-sex potential partners on two

dimensions: an IRA rating scale (based on the question “How much

would you like to date this person?”) as well as a zero-acquaintance

rating scale (based on the question “Have you ever seen the person in

the photo before?”). The IRA scale was used to assess IRA on the

basis that (in humans) craving emotional union with a potential part-

ner is one of the main characteristics of IRA (Fisher, 1998; Fisher

et al., 2002). Therefore, if an individual makes a choice in the context

of speed dating or online dating, including wanting to date a potential

partner again, this choice can be taken as a sign of IRA (Cooper

et al., 2012; Finkel et al., 2007; Gerlach & Reinhard, 2018). Following

the EEG recording task, the participants were asked to perform a sep-

arate multi-rating task using the same set of photos arranged in a ran-

dom order. In each self-paced trial, participants rated photos with

respect to a series of characteristics, including arousal, dominance,

valence, and PA. Among them, arousal dimension is used to character-

ize the intensity of emotional arousal, valence dimension is used to

characterize the positive and negative emotional experience, and

dominance dimension is used to characterize whether the individual is

in the state of self-control or controlled (Mehrabian, 1980, 1996).

Based on previous research (Cooper et al., 2012; Fisher, 1998;

Gerlach & Reinhard, 2018; Fisher et al., 2002), we hypothesized that

the IRA measure would be most associated with two measures of

arousal and dominance. Furthermore, according to previous research

(Schubring & Schupp, 2019, 2021), we predicted alpha and beta

power decreases for individual preference faces resulting in IRA as

compared to individual preference faces that not resulting in IRA dur-

ing passive viewing conditions. Previous studies have found that
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individual preference stimuli are closely related to N200 and LPP;

therefore, N200 and LPP were used as experimental manipulation

checks in this study. In general, we aimed to replicate individual pref-

erence modulation of the N200 and LPP components and analyzed

induced responses to reveal their representation in the time-

frequency domain.

2 | MATERIALS AND METHODS

Both the auxiliary experiment and the main experiment were

approved by the Ethical Review Committee of Southwest University,

and all participants provided their written informed consent prior to

study participation.

2.1 | Auxiliary experiment

2.1.1 | Participants

Sixty student volunteers with a mean age of 21.4 years (standard

deviation [SD] = 2.6) were recruited on the campus of Southwest

University. Participants received payment for participating in the

study. All participants reported normal or corrected-to-normal visual

acuity and had no history of psychiatric or neurological disorders, as

confirmed by a screening interview.

2.1.2 | Stimuli task and design

According to data reported in previous studies, the induction rate of

romantic attraction is quite low (approximately a few percent on aver-

age; Zsok et al., 2017). To obtain relatively stable results, we needed

to obtain a sufficient number of trials (approximately 30 per person) in

which IRA was successfully induced. After conducting a rough estima-

tion, we found that to achieve this goal, each participant would have

to be exposed to stimuli thousands of times or more. Since this was

clearly untenable, finding ways to increase the IRA induction rate was

our first challenge. Numerous studies have reported that consensus

judgments of the PA of a potential mate are good predictors of an

individual's popularity with members of the opposite sex (i.e., the

probability of being chosen by the opposite sex; Asendorpf

et al., 2011; Gerlach & Reinhard, 2018; Olderbak et al., 2017), espe-

cially in the context of short-term mate selection(Cooper et al., 2012;

Zsok et al., 2017). In particular, Zsok et al. found that the IRA induc-

tion rate increased several times for each unit increase in the level of

PA (Zsok et al., 2017). Thus, in the current study, we planned to

increase the average evoked rate of IRA by increasing the proportion

of stimuli with high consensus PA.

To increase the proportion of highly attractive stimuli, we first

focused on downloading thousands of high-resolution personal por-

trait photos from high-definition copyright business photo gallery

websites (such as VEER [https://www.veer.com/] and Hummingbird

net [http://bbs.fengniao.com/]) and standardized these portraits (face

and hair only; size, 839 � 1,080 pixels). Second, to minimize potential

confounding, 1,600 photos were chosen from the normalized portrait

photos, including 800 female portraits; these were generally similar in

face orientation and expression as well as comparable in background

complexity. Third, the level of PA of each face was assessed using a

nine-point Likert scale (ranging from “1—not at all” to “9—extremely”)
in response to the question “How physically attractive is this person?”
It is important to note that male participants rated only female faces,

while female participants rated only male faces. Finally, we averaged

the attractiveness ratings for each face across all opposite-sex partici-

pants to obtain consensus facial attractiveness ratings.

2.2 | Main experiment

2.2.1 | Participants

One hundred and thirty single student volunteers, including 65 male

volunteers, were recruited on the campus of Southwest University

(mean age, 21.1 years [SD = 2.9]). No participants had a history of

psychiatric or neurological disorders, as confirmed by a screening

interview.

2.2.2 | Stimuli task and design

In the natural environment, the proportion of individuals with high,

average, and low attractiveness should conform to the normal distri-

bution. However, in this study, we deliberately increased the propor-

tion of highly attractive individuals to increase the mean induction

rate of IRA. The ratio of high, average, and low PA stimuli was

adjusted to 0.25:0.6:0.15. To achieve the goal of 30 romantic attrac-

tion reports per person, participants would have to be exposed to dif-

ferent stimuli 300 to 400 times. Ultimately, 360 photos were selected

as the stimulus material for the main experiment for each gender from

among 800 photos of women and 800 photos of men. The 360 photos

of men were divided into three categories: high-attractiveness stimuli

(mean = 6.7, SD = 0.36), average-attractiveness stimuli (mean = 5.1,

SD = 0.29), and low-attractiveness stimuli (mean = 3.6, SD = 0.33).

The 360 photos of women were also divided into three categories:

high-attractiveness stimuli (mean = 6.9, SD = 0.33), average-

attractiveness stimuli (mean = 5.2, SD = 0.25), and low-attractiveness

stimuli (mean = 3.9, SD = 0.31). Regardless of gender, the proportions

of high-, average-, and low-attractiveness stimuli were approximately

0.25, 0.60, and 0.15, respectively.

The number of stimuli used in the main experiment was substan-

tially reduced by the aforementioned strategy, but 360 was still a large

number of stimuli for the participants to process. If participants were

required to view 360 stimuli continuously over a short period, they

were more likely to experience esthetic fatigue, which may have

influenced the experimental effect. Therefore, to minimize the proba-

bility of or delay esthetic fatigue, the 360 photos of women (or men)
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were first evenly distributed into two sessions according to attractive-

ness level. Specifically, 180 photos were included in each session, and

the proportions of high-, average-, and low-attractiveness photos in

each session were approximately 0.25, 0.6, and 0.15, respectively.

Second, the participants waited for at least 24 hr between sessions

1 and 2. Third, the 180 photos in each session were evenly distributed

into three runs according to attractiveness rating scores; that is,

60 photos were included in each session, and the proportions of high-,

average-, and low-attractiveness photos in each session were approxi-

mately 0.25, 0.6, and 0.15, respectively. The stimuli in each run were

presented in random order and presented only once. Finally, a break

was provided between every two runs, during which participants

viewed serene landscapes while listening to soothing music over the

course of 5–6 min. The experiment was conducted in a dark and quiet

environment to allow the participants to focus on the stimuli.

For each session, participants first performed an EEG recording

task (see the upper part of Figure 1a). The trial was structured as

shown in the upper part of Figure 1b. First, a black fixation cross

appeared in the center of a white computer screen for 1,000 ms,

followed by a face appearing for 3,000 ms. The participants were

then asked to rate their response to the question, “How much

would you like to date this person?” using a four-point rating scale

(“not at all,” “a little,” “somewhat,” or “very much”). Then, they
were asked, “Have you ever seen the person in the photo before?”
(responses: “no,” “not sure,” or “yes”). Finally, there was a

2,000 ms blank screen.

Following the EEG recording task in each session (and after

removing the EEG recording device), the participants performed a

separate multi-rating task (see the lower part of Figure 1a) using the

same set of photos arranged in random order. In each self-paced trial

F IGURE 1 Experimental paradigm and trial structure. (a) Experimental paradigm. The upper part of the figure is the paradigm of the EEG
recording task, and the lower part is the paradigm of the multi-rating task. (b) Trial structure. The upper part of the figure is the trial structure of
the EEG recording, and the lower part is the trial structure of the multi-rating recording
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(Figure 1b), participants rated photos with respect to a series of

characteristics-based according to seven-point scale, including four

ratings of potential romantic desirability: “Does this person make you

feel pleasure?” “Does this person make you feel exciting?” “Does this

person make you feel controlled?” and “How physically attractive is

this person?”

2.2.3 | Data acquisition and analysis

EEG recording

The EEG analog signals were recorded using a 128-channel BioSemi

ActiveTwo system (BioSemi Inc., Heerlen, The Netherlands) with a

24-bit analog-to-digital conversion. The 128 electrodes were equally

spaced on an electrode cap and customized with an integrated pri-

mary amplifier. Data were filtered online with a 0.16–100 Hz band-

pass filter and sampled at 500 Hz.

Data processing

The EEG data were re-referenced offline to average all channels after

rejecting bad segments and interpolating bad traces, and the band-

pass was filtered between 0.1 and 40 Hz (12 dB/octave) and

corrected for eye movements using the algorithm developed by

Gratton, Coles, and Donchin (1983). An independent component anal-

ysis (ICA) procedure was used to correct the EEG deflections resulting

from eye movements and blinks (Perry, Rubinsten, Peled, & Shamay-

Tsoory, 2013). The remaining artifact rejection criteria were minimum

and maximum baseline-to-peak 75 to +75 mV with a maximum

allowed voltage skip (gradient) of 50 mV (Langeslag, Jansma,

Franken, & Van Strien, 2007). The data were split into epochs from

200 ms before the presentation of the stimulus to 2,000 ms after

stimulus onset. EEG data analysis was conducted using the open-

source MATLAB signal processing toolbox FieldTrip and in-house

functions via MATLAB (MathWorks, Natick, MA; Oostenveld, Fries,

Maris, & Schoffelen, 2011).

EEG epochs were categorized according to rating scores (ranging

from “0—not at all” to “3—very much”) based on the question “How

much would you like to date this person?” (Cooper et al., 2012; Zsok

et al., 2017). Epochs with a rating score of 2 or 3 were assigned to the

IRA engendered condition, and epochs with a rating score of 0 were

assigned to the IRA un-engendered condition. To minimize ambiguity,

epochs with a rating score of 1 were excluded (mean = 19.78,

SD = 3.12). Epochs corresponding to faces the participants had seen

or were not sure they had seen were excluded (mean = 1.93,

SD = 2.54). The mean number of accepted epochs per participant

under the IRA engendered condition was 34.58 (SD = 3.38), and the

mean number of accepted epochs per participant under the IRA un-

engendered condition was 303.71 (SD = 6.31). To solve the serious

mismatch between the two conditions in terms of the number of tri-

als, a number of accepted epochs under the IRA un-engendered con-

dition were randomly selected to allow the participants to focus on

the stimuli to match the number of accepted epochs under the IRA

engendered condition.

2.3 | Behavioral and EEG analysis

2.3.1 | Behavioral analysis

The behavioral data were analyzed using Statistical Package for the

Social Sciences SPSS12 software (https://www.ibm.com/cn-zh/

analytics/spss-statistics-software; SPSS, Inc., Chicago, IL). First, simple

linear regression was used to model the relationship between IRA

scores and consensus physical attraction scores. We calculated the

mean elicitation rate of IRA among high-, average-, and low-PA stim-

uli. Furthermore, simple regression analyses were implemented to

examine the relationship between IRA scores and scores for four char-

acteristics (arousal, valence, dominance, and PA). All variables for all

models were Z-scored over the entire group before being entered into

the model.

2.3.2 | EEG analysis

Frequency analysis

EEG frequency analyses focused on induced brain activity. Therefore,

in the first step, the average ERP of each condition was calculated and

subtracted from the single trials examining this condition. In the sec-

ond step, the spectral power of the underlying brain oscillations was

calculated using time-frequency representation (TFR) based on the

wavelet transform. The TFR was obtained through a five-cycle com-

plex Morlet wavelet (Lindsen, Jones, Shimojo, & Bhattacharya, 2010).

Sliding windows were advanced in 12 ms and 1 Hz increments to esti-

mate changes in power over time and frequency in the alpha (8–

13 Hz), lower beta (13–20 Hz), and higher beta (20–30 Hz) frequency

ranges. For each of the standard frequency bands, we calculated the

spectral power by averaging the constituent frequencies.

Statistics

A non-parametric cluster-based permutation test was used to deter-

mine the statistical significance of the main effects for each condition

(Lindsen et al., 2010; Maris & Oostenveld, 2007). In short, this proce-

dure clusters adjacent t values in the three-dimensional space of time,

frequency, and electrode into a single summed cluster test statistic.

Clusters were formed based on at least two neighbors that reached a

cluster-forming threshold of p < .05. These clusters were tested

against a Monte Carlo approximation of the test statistic, which was

formed by randomly shuffling the data for 5,000 permutations and

reporting the proportion of random shuffles that were larger than the

observed cluster test statistic as a cluster p value. These steps were

repeated for the cluster-level statistics. Finally, a data-driven

unsupervised hierarchical clustering algorithm was used to cluster the

topography of the t values at each major time point.

ERP analysis

ERPs were determined by averaging the two-second segmented trials

separately in each condition, referred to as a �100 to 0 ms pre-

stimulus baseline. Afterward, the ERPs were subjected to the same
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F IGURE 2 Illustration of alpha event-related desynchronization (alpha-ERD). Individual preference faces that resulted in IRA elicited a
stronger alpha-ERD than faces that did not result in IRA. (a) The time course of the alpha-ERD cluster. Values were averaged over the respective
sensors (see (c)). (b) A dendrogram depicting hierarchical clustering. Each node represents a topography of t values at a significant time point.
(c) The topography of t values averaged across the significant time bins for each sub-cluster (see (a,b))
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cluster analyses as the frequency analyses, albeit with one fewer

dimension (i.e., no frequency dimension).

3 | RESULTS

3.1 | Behavioral data

We first examined the extent to which the IRA measure was related

to the consensus PA measure and calculated the average evoked rates

of IRA for stimuli with different levels of consensus PA. The results

showed that the IRA measure was moderately positively correlated

with the consensus PA measure in a simple linear regression model

(B = 0.32, p < .01); The results of the romantic attraction-evoked rate

calculation further confirmed this conclusion (i.e., the higher the

potential partner's PA level, the more likely the participants were to

be romantically interested in the potential partner). Specifically, the

average induction rates of IRA for faces with low attractiveness, aver-

age attractiveness, and high attractiveness were 0.00, 0.06, and 0.25,

respectively.

Next, we examined the extent to which the IRA was driven by

subjective judgments of arousal, PA, dominance, and valence. We

found that when arousal, valence, dominance, and PA measures were

included separately in a simple linear regression model, IRA was statis-

tically significantly related to all four measures (IRA-arousal: B = 0.75,

p < .01; IRA-valence: B = 0.67, p < .01; IRA-dominance: B = 0.73,

p < .01; IRA-PA: B = 0.71, p < .01). Because the four measures of

arousal, valence, dominance, and PA were also highly correlated with

each other (all R > 0.61, all p < .01), partial correlation models were

used to examine the unique contribution of each measure. Partial cor-

relations revealed that the measures of arousal and dominance ratings

accounted for the majority of the variance underpinning IRA ratings

(mean within-participant IRA-arousal partial correlation = .29,

p < .001; mean within-participant IRA-dominance partial correla-

tion = .23, p < .001; mean within-participant IRA-valence partial cor-

relation = .21, p < .001; mean within-participant IRA-PA partial

correlation = .14, p < .001).

3.2 | TFR analysis

When TFRs for individual preference faces that resulted in IRA were

contrasted with TFRs for faces that did not result in IRA, we found

statistically significant differences in the alpha and low beta frequency

bands (see Figures 2 and 3).

As shown in Figure 2a, the effect of alpha-ERD (p < .001) reached

statistical significance within 0.87–2 s. Furthermore, based on hierar-

chical clustering and scrutiny of the present distributions, the topogra-

phy of the t values over all statistically significant time bins was

grouped into three clusters, as shown in Figures 2b,c: the first sub-

cluster effect (between 0.87 and 1 s) appeared over the right

temporoparietal junction area, the second sub-cluster effect (between

1 and 1.72 s) was found over the extended parietooccipital and left

central sensor regions, and the third sub-cluster effect (between 1.72

and 2 s) appeared over the extended posterior, central, and frontal

regions.

As shown in Figure 3a, the effect of beta-ERD (p < .05) reached

statistical significance within 1.02–2 s. Based on hierarchical cluster-

ing and scrutiny of the present distributions, the topography of the

t values over all significant time bins were grouped into two clusters,

as shown in Figures 3b,c. The first sub-cluster effect (between 1.02

and 1.71 s) appeared over the left parietooccipital regions. The second

sub-cluster effect (between 1.71 and 2 s) was found over the

extended posterior, central, and frontal regions.

3.3 | ERP analysis

As shown in Figures 4, statistically significant main effects for each

condition were observed in the two clusters. In the first cluster

(p < .001), individual preference faces that resulted in IRA, as com-

pared to faces that did not result in IRA, elicited a more positive N200

response over frontal-central sensor sites between 186 and 350 ms.

In the second cluster (p < .001), individual preference faces that

resulted in IRA, as compared to faces that did not result in IRA, elicited

enhanced LPP over frontal, central, and parietal sensor sites between

368 and 2,000 ms.

4 | DISCUSSION

IRA refers to a series of positive reactions toward ideal potential

romantic partners (Fisher et al., 2005; Fisher, 1998; Gerlach &

Reinhard, 2018; Fisher et al., 2002). IRA evolved to facilitate mate

choice, thus enabling individuals to focus their mating energy on spe-

cific potential mates. Although the evolutionary value and key charac-

teristics of IRA are well understood, little is known about electrical

brain responses during the formation of IRA. The primary goal of the

present study was to identify brain oscillations associated with IRA.

Our main finding is that the processing of faces that resulted in IRA

based on individual mate preference was associated with a decrease

in power in the alpha and lower beta bands. This effect was strongest

between approximately 0.87–2 s post-stimulus and could be observed

over the lateral occipital complex and vertex regions. These findings

suggest that the generation of IRA is associated with power decreases

in the alpha and lower beta bands, which are considered to reflect

cortical activation (Liu et al., 2012; Tashiro et al., 2019).

In view of previous contradictory findings regarding alpha and

lower beta power modulations associated with individual preference

stimuli processing, several ERP components were incorporated in the

present study to ensure the accurate interpretation of findings (Al-

Ozzi et al., 2021; Kang et al., 2015; Tashiro et al., 2019). Previous find-

ings have demonstrated that the N200 and LPP response components

are consistently and robustly modulated by individual preference

stimuli (Fu Guo et al., 2016; Goto et al., 2017; Goto et al., 2019; Ma

et al., 2017). Replicating N200 and LPP modulations to individual

YUAN AND LIU 727



F IGURE 3 Illustration of lower beta event-related desynchronization (beta-ERD). Individual preference faces that resulted in IRA elicited a
stronger lower beta-ERD than faces that did not result in IRA. (a) The time course of the lower beta-ERD cluster. Values were averaged over the
respective sensors (see (c)). (b) A dendrogram depicting hierarchical clustering. Each node represents a topography of t values at a significant time
bin. (c) The topography of t values averaged across the significant time bins for each sub-cluster (see (a,b))
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preference faces that resulted in IRA with predicted polarity, topogra-

phy, and latency served as a within-study check that the experimental

manipulation was successful. Specifically, individual preference faces

that resulted in IRA elicited a more positive N200 response over the

frontal-central regions and a larger LPP component over the

centroparietal and frontal regions as compared to faces that did not

result in IRA. In general, we replicated established findings related to

individual preference stimulus processing; consistent with the previ-

ous literature supports the significance of our primary findings related

to brain oscillations induced by individual preference faces resulting

in IRA.

The primary finding of the present study is that the processing of

faces that resulted in IRA is associated with a decrease in alpha and

lower beta power over lateral occipital complex and vertex areas.

Moreover, self-reported data indicate that initial romantic interest in

desirable potential partners is mainly driven by arousal and dominance

rather than by valence and PA. This finding is consistent with the pre-

viously published viewpoint that, in humans, IRA is often character-

ized by feeling excited and compulsive thinking about desirable

potential mates (Fisher et al., 2005; Fisher, 1998; Gerlach &

Reinhard, 2018; Fisher et al., 2002). Similarly, previous findings

reporting that power in the alpha and beta bands is inversely corre-

lated with increasing stimulus arousal (De Cesarei & Codispoti, 2011;

Schubring & Schupp, 2019, 2021). Thus, alpha- and lower beta-ERD

with respect to desirable potential partners are presumed to reflect

the significance of preferred stimuli (Schubring & Schupp, 2019,

2021). Furthermore, research in the cognitive domain revealed that

brain regions that are activated during a cognitive task exhibit alpha-

and lower beta-ERD, whereas alpha and lower beta synchronization

occurs over brain regions associated with task-irrelevant and poten-

tially interfering processes. In particular, recent studies in the field of

emotion have revealed that the desynchronization of alpha and low

beta frequency bands may reflect cortical activation related to emo-

tional stimulus significance (Schubring & Schupp, 2019, 2021).

Accordingly, the lateral occipital complex and the vertex regions may

play an important role in the processing of faces that resulted in IRA.

The lateral occipital complex, which mainly includes the fusiform

face area (FFA), the lateral occipital cortex (LOC), and medially adja-

cent regions, plays an important role in human object recognition

(Grill-Spector, Kourtzi, & Kanwisher, 2001). Furthermore, this region

may also participate in the processing of visual features before object

recognition, such as the understanding of aesthetic features of

objects, thus affecting the aesthetic judgment (Chatterjee, Thomas,

Smith, & Aguirre, 2009; Grill-Spector et al., 2001). For instance, the

activities in the region have been found to be related not only to the

aesthetic judgment of abstract images (Chatterjee et al., 2009;

Jacobsen, Schubotz, Hofel, & Cramon, 2006), but also to the forma-

tion of painting preferences (Chatterjee et al., 2009; Oshin

Vartanian, 2004). In particular, Chatterjee et al. found that attractive

faces automatically activate this region, and the authors hypothesized

that this region may act as a neural trigger for the universal effect of

attractiveness in social interactions (Chatterjee et al., 2009). Thus, the

F IGURE 4 Illustration of condition modulation for the ERP response. (a) Illustration of condition modulation for N200. The topography of
t values (upper left). The time course of the N200 (bottom left). Gray shaded areas represent significant time interval. (b) Illustration of condition
modulation for late positive potential (LPP). The topography of t values (upper right). The time course of the LPP (bottom right). Gray shaded
areas represent the significant time intervals
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decrease in alpha and lower beta power over the lateral occipital com-

plex may reflect cortical activation associated with the processing of

facial aesthetic characteristics and the formation of partner

preferences.

It is well established that the vertex regions, which mainly

includes the sensorimotor cortex, the supplementary motor cortex,

and posterior parietal cortex, play an important role in motor control

(Cohen & Andersen, 2002; Ferenc Matyas et al., 2010; Neuper,

Wörtz, & Pfurtscheller, 2006; Rektor, Sochůrková, & Bočková, 2006;

Whitlock, 2017). Furthermore, preparation, execution, and also imagi-

nation of movement produce alpha- and beta-ERD over the sensori-

motor region (Ferenc Matyas et al., 2010; Neuper et al., 2006; Rektor

et al., 2006; Tashiro et al., 2019), the supplementary motor area, and

posterior parietal cortex (Rektor et al., 2006; Szurhaj et al., 2003).

Especially, many studies have demonstrated that IRA refers to a series

of positive reactions toward ideal potential mates, including the desire

and behavior to approach the other (Gerlach & Reinhard, 2018).

Therefore, these convergent evidences suggest that alpha- and lower

beta-ERD over the vertex region may reflect secondary cortical acti-

vation related to motivational significance of preferred stimuli.

On the one hand, the present findings are consistent with this

inference regarding the direction of power modulation; specifically,

individual preference faces that resulted in IRA led to consistent

reductions in alpha and lower beta power compared to faces that did

not result in IRA. However, on the other hand, there was variability of

effects across alpha and lower beta frequency categories regarding

topography and timing points. Specifically, effect latency differed for

alpha and lower beta frequency bands, appearing earlier in time for

the alpha frequency band. In addition, although the topographic effect

of both the alpha and lower beta bands included the extended poste-

rior and anterior regions, the effect between 0.87 and 1 s appeared

over the right temporoparietal junction sensor sites for the alpha fre-

quency band only. Assuming that reduced alpha- and lower beta-band

oscillations reflects increased cortical excitability (Foxe &

Snyder, 2011; Klimesch, 2012; Schubring & Schupp, 2019, 2021), one

may speculate that the brain oscillation activities of the two frequency

bands may play different roles in the processing of stimuli that

resulted in IRA (Klostermann et al., 2007; Tashiro et al., 2019). Thus,

future research needs to study the topography and latency of alpha/

beta power decreases as a function of different types of preferred

stimuli and combine EEG source analysis and functional neuroimaging

to explore the generator of alpha/beta desynchronization induced by

preferred stimuli.

In the present study, the picture contents were faces of the oppo-

site sex that differed in the level of consensus PA. These differences

are reflected in the self-report data, which revealed a profound differ-

ence in the induction rate of IRA according to PA. Similar to previous

findings, the induction rate of romantic attraction increased exponen-

tially with an increase in attraction level (Zsok et al., 2017). Our results

are consistent with previous findings demonstrating that consensus

PA is indeed a significant predictor of romantic attraction (Asendorpf

et al., 2011; Conroy-Beam & Buss, 2016; Cooper et al., 2012; Finkel

et al., 2007; Olderbak et al., 2017).

Let us offer a few critical remarks. First, as an exploratory study,

this study used portrait photos rather than real people as stimuli to

induce IRA based on feasibility considerations. The advantage of this

approach is that by increasing the amount of stimulus, it can effec-

tively solve the problem of insufficient trials in which IRA was suc-

cessfully induced due to the low average induction rate. However,

IRA in real life usually occurs in the environment that allows some

meaningful interaction, but the types of stimuli used in this study did

not allow participants to interact effectively with potential partners in

the photos. This is a problem that needs to be paid attention to and

solved in the follow-up research. Second, while facial attractiveness

has been proved to be a significant predictor of IRA (Asendorpf

et al., 2011; Gerlach & Reinhard, 2018; Luo & Zhang, 2009; Olderbak

et al., 2017), however, other studies have suggested that other fac-

tors, such as voice (Asendorpf et al., 2011; Feinberg, 2008), can also

serve as cues for romantic attraction. Therefore, subsequent studies

can also elicit and investigate the brain activity associated with IRA

from other dimensions.

5 | SUMMARY

Although the evolutionary value and key characteristics of IRA appear

to be clear and consistent, the brain responses associated with IRA

remain largely unknown and unstudied. To address this issue, the pre-

sent study evaluated induced frequency modulations according to

individual preference faces that resulted in IRA during an online dating

simulation. We identified four EEG components associated with sub-

jective decision-making regarding mate preference. Two brain oscilla-

tion effects (i.e., desynchronization effects in the alpha-and lower

beta-frequency bands) were interpreted as reflecting cortical activa-

tion associated with the formation of a subjective mate preference.

The replication of established ERP effects with respect to individual

preference, specifically a more positive frontal-central N200 and an

enhanced LPP, likely reflect automatic attention capture and active

attention allocation, respectively. Overall, these findings suggest that

brain oscillations in the alpha- and lower beta-band may reflect

enhanced cortical activation associated with individual mate

preferences.
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