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Abstract
Romantic love is a fundamental human need, yet the rise of online dating platforms has made
romantic rejection a frequent experience. While the psychological consequences of social
rejection are documented, less is known about romantic rejection and how individual differences,
such as Adverse Childhood Experiences (ACEs) and attachment styles, influence the immediate
physiological processing of rejection. The present study investigated the effects of ACEs and
attachment styles on cardiac deceleration and subjective pain in response to feedback in a
simulated online dating environment. Participants (N = 49) completed the ACE-Questionnaire
and Revised Adult Attachment Scale before engaging in a "Tinder-like" task where they received
acceptance or rejection feedback while electrocardiogram (ECG) data was recorded. Results
revealed that rejection feedback caused significant cardiac deceleration and higher subjective
pain ratings compared to other feedback conditions. However, neither ACEs nor attachment style
showed significant associations to cardiac deceleration and subjective pain. These findings
suggest that while online rejection elicits heart deceleration, this response was not associated

with ACEs or attachment style in the present non-clinical sample.



Love, the answer to all of one's problems, people often think. A basic human need that is
seen across most cultures, playing an essential role in human motivation and fulfilling the need
for connection as well as belongingness (Maslow, 1943; Baumeister et al., 1993; Baumeister &
Leary, 1995; Jankowiak & Fischer, 1992). Although usually perceived solely as a social
motivator, romantic love has played a crucial role in human evolution, proving to be essential in
mate selection and reproduction (Bode & Kushnick, 2021; Jankowiak & Fischer, 1992).
Nevertheless, the concept of romantic love has evolved over time; what was once expressed and
expected from love has shifted into something more complex (Schwartz & Velotta, 2018).
Instead of simply affection, sex, and loyalty, individuals seek connections that contribute to their
personal growth and self-esteem for the purpose of becoming a better person. Meanwhile, people
have less time due to increasing work demands, reducing time spent with friends, and overall
having less time for themselves. Love itself has not only inherently become more intricate but
has also become harder to fit into one’s busy schedule (Schwartz & Velotta, 2018). This lack of
time has made love-seeking seem more difficult and inconvenient, giving rise to the existence of
online dating. Online dating services began their popularity in the 90s, with websites such as
OkCupid leading the market at the time. Although these have been available since, this form of
dating carried a sense of stigma and was often used as a last resort (Schwartz & Velotta, 2018).
With time, online dating platforms have developed their interface, becoming increasingly
convenient and meeting their busy clients' demands. One of the current leading dating apps,
Tinder, now holds 9.6 million subscribers, reaching 6.5 million downloads as of May 2025
(Kumar, 2025). While these platforms have simplified access to potential partners, they also
frequently expose individuals to romantic rejection. The increased availability of choices in

online dating inevitably exposes users to more romantic rejection, making it a central feature to



modern dating. In addition, this higher number of partner options can lead users into a ‘rejection
mindset’, a mindset by which individuals become increasingly pessimistic and decrease their
acceptance rate as they swipe through profiles (Pronk & Denissen, 2019). The more partners one
rejects, the more likely they are to develop a rejection mindset, thereby increasing the likelihood
of future rejections. Although romantic rejection can occur during in-person dating, the latter
highlights a greater magnitude of the problem, one exclusive to online dating (Pronk & Denissen,
2019). While online dating has expanded people’s opportunities for connection, it has also
increased the frequency as well as intensity of romantic rejection. Given the increased exposure
to such platforms, understanding the effects romantic rejection may have on mental health is
crucial. Although the current research is limited, the existing literature provides serious
statements as to the consequences of such rejection, including suicide, suicidal ideation, self-
harm and depression among many others (Mearns, 1991; Fisher et al., 2010; Fisher et al., 2014;
Cawley et al., 2019). Mearns (1991) found that more than 40% of their participants were
clinically depressed when assessing subjects who experienced romantic rejection from a past
partner. Although romantic rejection seems universal, the severity of its effects on each person
may vary. The existing literature suggests that individuals with insecure attachment styles
developed from rejection in early childhood may experience higher levels of rejection sensitivity
(Bowlby, 1982; Fisher, 2014; Downey & Feldman, 1996). Furthermore, early adverse
experiences such as inconsistent, neglect or threats of abandonment, may lead to sensitivity
towards losses and rejections in the future. These sensitivities may therefore make people more
vulnerable to the serious consequences of romantic rejection (Bowlby, 1982; Fisher, 2014). Such
qualities may shape how individuals respond to rejection both emotionally and neurologically,

raising the importance of examining not only the subjective experience of romantic rejection but



also its neurological effects. To address this gap in the literature and expand knowledge on the
neuronal basis of romantic rejection, we looked at cardiac responses induced by such rejection.
Although it is important to note that the current research available regarding neurological
changes from romantic rejection induced through online dating is still limited.

Researching romantic rejection gives rise to complications in laboratory research designs,
thus oftentimes, subjective measures such as autobiographical accounts were used instead
(Baumeister et al., 1993). Whilst there are relatively few studies on romantic rejection, there is
substantially more research on social exclusion as well as social rejection.

Eisenberger, a pioneer in social exclusion research hypothesized the social pain
experienced through social exclusion to share neural correlates with physical pain (Eisenberger,
et al., 2003; Eisenberger, 2012). To do so, the Cyberball paradigm was often used. With the use
of fMRI, Cyberball findings show an activation of the dorsal anterior cingulate cortex (dACC) as
well as the anterior insular cortex (Al), areas previously found to be related to physical pain
(Eisenberger et al., 2003; Eisenberger, 2012; Treede et al., 1999; Gunther Moor et al., 2012;
MacDonald & Leary, 2005). Paracetamol research on social exclusion further supports this
association (De Wall et al., 2010). Using the same task, participants who ingested paracetamol,
showed less activation in both the dACC and Al than the placebo group (De Wall et al., 2010;
Eisenberger 2012). While being excluded can elicit feelings of social pain, it does not necessarily
lead the individual to perceive themselves as rejected. Thus, the distinction between social
exclusion and social rejection must be considered as these represent different phenomena and use
different paradigms in their research (Van der Veen, 2014).

To better capture the process of social rejection, researchers such as Somerville and

colleagues (2006) explored dACC activation in expectancy violation. The combination of



expectancy violation and social pain is thought to serve as a neural alarm system in response to
social exclusion and rejection (Somerville et al., 2006; Onoda et al., 2009; Gunther Moor et al.,
2012).

Somerville’s (2006) social rejection paradigm suggests that feelings of rejection are
associated with increased dACC activation, a region implicated in both expectancy violation and
social pain (Somerville et al., 2006). These findings were further supported by multiple studies
(Moor et al., 2010; Van der Veen et al., 2014). Additionally, Moor and colleagues (2010 & 2012)
found a relationship between cardiac deceleration and unexpected social rejection, suggesting
that dACC activation is associated with cardiac deceleration measured via electrocardiography
(ECQ).

Past research on social exclusion and rejection primarily relied on fMRI imaging
(Eisenberger et al., 2003; Eisenberger, 2012; Treede et al., 1999; Moor et al., 2012; MacDonald
& Leary, 2005; De Wall et al., 2010). However, due to its low temporal resolution, fMRI is
limited in its ability to record precise neurological responses (Kim et al., 1997; Van der Veen,
2019). In contrast, ECG provides a more temporally precise measure due to its sensitivity to
rapid electrical changes in heart activity, whilst also being associated with dACC activation
during social rejection (Moor et al., 2010; Van der Veen et al., 2014; Van der Veen et al., 2019;
Papousek et al., 2014).

While research on social exclusion and social rejection has provided important insights
into the neural correlates of social pain, romantic rejection has received considerably less
empirical attention despite being a common experience. Romantic rejection studies are limited,
and simulating real-life scenarios is difficult; the ability to elicit genuine romantic expressions

within the constraints of neuroimaging has been a significant challenge (Van der Veen, 2019;



Cooper et al., 2013; Zhang et al., 2021). To address these limitations, Cooper and colleagues
(2013) introduced an experimental paradigm designed to evoke romantic evaluation and
rejection while maintaining experimental control. Within this speed dating paradigm, participants
were placed in an fMRI while making romantic judgements on other participants. It was found
that rejection from a desired partner would elicit rostral ACC activation, a region involved in
affective aspects of distress and previously implicated in social pain processing (Cooper et al.,
2013). They also found expectancy violations to slow down emotional processing and decrease
happiness ratings, similarly to Somerville and colleagues (2006). While fMRI allows for the
localization of brain activity, as previously stated, its relatively low temporal resolution limits the
assessment of rapid emotional responses to rejection.

To address the latter, Van der Veen (2019) drew inspiration from Cooper’s (2013) task
and created a new paradigm for examining romantic rejection in online dating. Within the study,
ECG was used to capture physiological responses to romantic rejection at a higher temporal
resolution, specifically changes in heart rate reflecting cardiac deceleration. The findings showed
a consistent pattern of cardiac deceleration following romantic rejection, which has been
associated with neural processes involving the dACC, in line with previous research on social
rejection (Moor et al., 2012; Moor et al., 2010; Van der Veen et al., 2014;). While these findings
provide evidence for physiological responses associated with romantic rejection, further insight
into the neural processes has been provided by EEG research. When investigating the neural
correlates of anticipatory motivation, reward processing, and social pain in an online romantic
rejection task, researchers found that theta power was largest during rejection. Theta responses
were found to be source localized in regions implicated with physical pain processing,

specifically the ACC, dIPFC, and supplementary motor cortices. In addition, reward positivity



was found to be highest when participants found a match, and stimulus preceding negativity was
larger when participants anticipated acceptance rather than rejection. (Zhang et al. 2021).

Together, these studies indicate romantic rejection to elicit physiological and neural
responses associated with physical and social pain. However, research on romantic rejection
remains relatively limited, and the existing paradigms have predominantly been examined on
heterosexual samples. As a result, it remains unclear the extent to which these findings are
generalizable to more diverse dating populations, highlighting the need for further investigation
in broader populations. In addition, other contextual factors may come into play in same-sex
non-heteronormative dating contexts, which may influence the way in which romantic rejection
is experienced.

While the current research gives insight into the mechanisms involved in romantic
rejection, they do not thoroughly explore why some individuals may experience this stronger
than others. Individual differences, particularly those developed in early childhood often play a
significant role in one's emotional development, especially within the romantic context.
According to Bowlby’s (1982) attachment theory, the way in which individuals interact with
their care givers form internal models, guiding one’s perception of the self and relationship
towards others. Those who experience an ambiguous environment when younger may develop
either an anxious or an avoidant attachment style. Research on attachment theory suggests
insecure attachments to experience higher levels of rejection sensitivity (Downey & Feldman,
1996; Bowlby, 1982; Fisher, 2014; Burklund et al., 2007; Van der Veen et al., 2014;
Eisenberger, 2012). Anxiously attached individuals are characterized by fear of abandonment
and lower self-esteem, creating anxieties about whether they will be accepted and supported by

others, whilst avoidants emotionally distance themselves due to a fear of rejection (Downey &



Feldman, 1996; Bowlby, 1982). In terms of neural differences, heightened dACC activation
shows a relationship with rejection sensitivity. (MacDonald & Leary, 2005; Burklund et al.,
2007; Eisenberger, 2012). One study suggests those anxiously attached to show an increased
activation of the dACC, in the meantime avoidant attachment style participants were associated
with lower dACC activity (De Wall et al, 2012; Eisenberger, 2012).

Similarly, individuals exposed to adverse childhood experiences (ACEs) show
comparable trends of increased rejection sensitivity. ACEs refer to a range of early-life stressors,
including various forms of child maltreatment (e.g., emotional, physical, or sexual abuse) as well
as neglect and household dysfunction. Extensive research has demonstrated that exposure to
ACEs is associated with long-term alterations in emotional regulation, threat detection, and stress
responsivity, which can persist into adulthood (Bremmer, 2006; McLaughlin, Sheridan &
Lambert, 2014). These changes may increase vulnerability to social pain and heightened
sensitivity to rejection later in life (Anda et al., 2006; Bowlby, 1982; Gao et al., 2024). Given
that ACEs often contribute to the development of insecure attachment styles, these two
phenomena are closely related and may influence one another in a bidirectional manner.

The above research suggests both attachment styles and ACEs may heighten one’s
vulnerability towards romantic rejection by increasing rejection sensitivity. For that reason, the
present study aims to examine the influence of ACEs as well as attachment styles on the
experience of romantic rejection in online dating, by extending on Van der Veen’s (2019)
romantic rejection paradigm. Firstly, it investigates whether individuals with high ACE scores
show greater cardiac deceleration responses. Additionally, it expects for higher ACE scores to
reflect higher subjective pain scores due to rejection sensitivity. Furthermore, when looking into

the effect of attachment styles, anxiously attached individuals are expected to exhibit stronger



10

cardiac deceleration responses and higher subjective pain scores, once again due to heightened
rejection sensitivity. In other words, individuals with higher ACE and those with an anxious
attachment style are predicted to exhibit stronger physiological responses to romantic pain,
aligning with the current literature. Lastly, an exploratory hypothesis is included, where the study
examines whether participants with insecure attachment styles differ in their swiping behaviors.
Avoidantly attached individuals tend to protect themselves from vulnerability and possible
rejection (Bowlby, 1982), which could translate into more cautious romantic decision-making.
Based on this, we expected that avoidant participants might swipe ‘yes’ less often. However,
because this is the first time attachment styles have been examined within this specific romantic
rejection paradigm, this prediction remained exploratory.

Together, these hypotheses aim to extend the existing knowledge on romantic rejection in
online dating, as well as understand the individual vulnerabilities that may further exacerbate the

pain elicited by potential romantic partners.

Methods

Participants and Ethics

During Stage 1, a total of 110 individuals initially participated in our study, the majority
of this sample consisted of Psychology students from Erasmus University Rotterdam. The
sample included a diverse range of sexual orientations, gender identities, and ethnic
backgrounds. Participants were recruited through online platforms via a flier that included a QR
code.

During Stage 2, 56 of the initial participants remained in the study. After deleting missing

data and duplicate respondents, our final sample comprised n= 49 participants. The exclusion
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criteria included the presence of neurological and psychiatric disorders, as well as the active use
of medications or drugs that affect brain function. Participants were also required to be between
the ages of 18 and 30 as well as have English proficiency. The study was approved by the
Department of Psychology’s Research Ethics Review Committee/Internal Review Board at
Erasmus University Rotterdam.
Materials
Pre-Screening
Before beginning the tasks, participants had to fill in a prescreening online form

to ensure they met the inclusion criterion. The form first listed the requirements for participation.
Following this list, participants were asked to state whether they had any psychiatric or
neurological illnesses and whether they were actively taking any medication. The form is
followed by requesting their name, email, phone number, and concludes with a signature on the
informed consent. At this stage, participants were not yet anonymized for the sake of
communication with the researchers.
Stage 1: Online Dating Task

Before receiving the task, participants were required to send a picture of themselves and a
brief description of themselves, which included their leisure activities, nationality, etc. Once all
participants had sent their information, they were sent an evaluation task via email; which was
administered through Qualtrics. The participant had to rate others based on whether they would
consider dating them or not. This task aimed to mimic an online dating app interface, such as
Tinder, as best as possible. Each profile the participant came across would include a picture of a
different participant, a description of that participant, and a description of what they are looking

for. Under each profile, participants were also asked to rate ‘perceived attractiveness’ and their
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‘estimated reciprocation’ on a 0-10 numeric scale. Additionally, they were asked, “Would you
date?” to which they responded either “Yes” or “No”.
Stage 2: Questionnaires

After participants completed the first stage, they were asked to come back for an in-lab
romantic evaluation task. Once in the lab, participants completed multiple questionnaires before
proceeding with the task.

Revised Adult Attachment Scale. The Revised Adult Attachment Scale (RAAS)
(Collins, 1996) is an 18-item self-report questionnaire to assess individual differences in
attachment styles. The questionnaire covers the different characteristics of attachment styles
through three subscales, each containing 6 items: 1) the close subscale (o =.77), measuring a
person's comfort with closeness and intimacy; 2) the depend subscale (o = .78), looks at the
extent to which a person believes people can be relied on when needed and their comfort with
depending on others; lastly, 3) the anxiety subscale (o = .85), measures the extent at which a
person worries about being rejected and abandoned by others. The Cronbach’s Alpha for all
three subscales was calculated in a sample of undergraduates (Collins, 1996).

Adverse Childhood Experiences Questionnaire. The Adverse Childhood Experiences
Questionnaire (ACE-Q) (Felitti et al., 1998) is made up of 10 dichotomous (Yes/No) items
covering the themes of psychological, physical, and sexual abuse; violence against one's mother;
and living with household members who abused substances, were mentally ill or suicidal, or ever
imprisoned. ACE-Q scores are commonly categorised as No reported adversity (0 ACE), Low to
moderate adversity (1-3 ACE), High adversity (4+ ACE), and Very high adversity (6+ ACE)
(Felitti et al., 1998; Hughes et al., 2017). Regarding internal consistency, Cronbach's alpha

ranges from .70 to .76 (Olah et al., 2023; Wingenfeld et al., 2010). Participants were told about
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the sensitive nature of this questionnaire before commencing and were assured they did not have
to answer if they felt uncomfortable.

Other Questionnaires. In addition to the questionnaires relevant to this paper, the Beck
Depression Inventory (BDI-II) was used to measure depression, the Highly Sensitive Person
Questionnaire (HSP) was used to measure sensitivity, Rosenberg’s Self-Esteem Scale was used
to measure participant self-esteem, the Perceived Mate Value Scale was used to measure self-
perceived desirability as a sexual or romantic partner, the Cognitive Emotion Regulation
Questionnaire (CERQ) was used to assess one’s use of cognitive strategies in response to a
stressful event, Brief COPE was used to assess coping strategies used to deal with stress, the
Eysenck Personality Scale (RSS) was used to asses personality traits, the State-Trait Anxiety
Inventory (STAI) to measure general anxiety, Liebowitz Social Anxiety Scale (LSAS) was used
to measure social anxiety, and lastly, The Adults Rejection Sensitivity Questionnaire (ARSQ)
was used to measure rejection sensitivity.

Stage 2: Romantic Evaluation Task

After completing the relevant questionnaires, participants continued with the romantic
evaluation task. The design of the romantic evaluation task was based on that used by Van der
Veen et al. (2019) and Cooper et al. (2010). Before beginning the tasks, the researchers
connected the participant to a 32 electrode EEG cap as well as skin electrodes on the left and
right mastoids, left infraorbital, left supraorbital, left and right lateral canthi, and a subcostal
ECG electrode on the left rib cage. The task was explained to the participants, who were
informed that they would see the photographs of the other participants again. This time, they
would also see their own judgment on the left side of the screen and the potential partner's

judgment on the right. An example trial is shown in Figure 1. After each participant's photograph



14

and judgments, participants were asked to rate “how rewarding was this?” and “how painful was
this?”, both on a sliding scale from 1 to 100. A total of 120 photographs were presented on a
CRT screen using the E-prime software (Psychology Software Tools, Pittsburgh, PA) in a single
block. Ten fake profiles were added to provide ‘yes’ as feedback to every participant. The task
lasted an average of 30 minutes. At the end of the task, each participant was debriefed

accordingly.

Figure 1

Single-trial overview of the romantic feedback task.

Fixantion

Picture of potential partner

1000ms

Participant’s judgement displayed

2000ms on the left side

Potential partner judgement displayed

2000ms on right side

Subjective reward
How rewarding was this?

3000ms rating
H—
100
How painful was this?
Move with cursor to [ — Subjective pain
continue i ]

rating

Move with cursor to
continue

Note. Example of a rejection condition trial for the romantic evaluation task. The picture

was taken from Getty Images by Morsa Images (2016) and was not used in the experiment.
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Data Acquisition

Participants were connected to both an EEG and an ECG. Both ECG and EEG data were
recorded using the BioSemi Active-Two system. ECG signals were obtained from a single lead
placed below the left ribcage, using a low-pass filter of 134 Hz and digitized at a sampling rate
of 512 Hz with 24-bit A/D conversion. Skin contact quality was verified before the start of the
recording. EEG and ECG data were processed offline using Brain Vision Analyzer 2 (Brain
Products GmbH, Munich, Germany). For the analysis of cardiac responses, R-peaks were
automatically detected in the ECG signal using the peak detection algorithm implemented in
Brain Vision Analyzer, and inter-beat intervals (IBIs) were calculated between consecutive R-
peaks. The R-peak series were visually inspected for artifacts, with missing peaks interpolated
and spurious detections removed. Four consecutive IBIs following feedback presentation were
selected; the concurrent (IBI 0) and three subsequent IBIs (IBI 1, IBI 2, and IBI 3) were
extracted and used as measures of heart rate deceleration. The four post-feedback IBIs (IBI0-
IBI3) were baseline-corrected to the second pre-feedback IBI (IBI-2) to account for individual
differences in resting heart rate.
Data Processing and Statistical Analyses

The data were analyzed using repeated measures ANOV As, repeated measures
ANCOVAs, and a one-way ANOVA using SPSS (version 27). The statistical significance level
was set at p <.05. Prior to conducting the analysis, the assumptions were checked using SPSS.
Firstly, the data were checked for outliers using scatter plots, Cook’s distance (values larger than
1), and standardized residuals (absolute z-scores greater than 3.29). Influential cases identified
through Cook’s distance, as well as standardized residuals exceeding +3.29, were examined but

not automatically excluded. Scatter plots of standardized residuals and predicted values were
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used to check for linearity. For normality of residuals, Q-Q plots and Shapiro-Wilk’s test were
inspected. Levene’s test was used to check for homogeneity. Within the ANCOVA models,
homogeneity of regression slopes was assessed by testing the interaction effect between the
covariate and independent variable. In ANCOVA, linearity was checked with scatterplots
between the covariate and the dependent variable. Huynh-Feldt correction was applied to
variables with more than 2 factors; however, uncorrected degrees of freedom were reported.
Lastly, independence of observations was ensured, as each participant contributed data
independently. Any detected assumption violations were addressed using appropriate data
transformations.

Cardiac Deceleration Differences

Firstly, a 2x2x4 repeated measures ANOVA was conducted to examine the effect of
feedback type on cardiac deceleration measured through Inter-beat Intervals (IBI) during the
romantic evaluation task. The analysis aimed to explore whether different combinations of own x
other judgements elicited different IBI responses. The analysis specifically examined the IBI
changes elicited when one's own judgment is ‘Yes’, and the other says ‘No’ (rejection effect).
Own feedback (Yes/No) with two levels, others’ feedback (Yes/No) with two levels, and
sequential (IBIO-IBI3) with four levels were treated as within-subject factors.

Secondly, a repeated measures analysis of covariance (ANCOVA) was conducted to
examine the effects of feedback type on cardiac responses during the romantic evaluation task.
The total ACE score was included as a continuous covariate. Own feedback (yes, no), Other
feedback (yes, no), and sequential IBI (IBIO-IBI3) were included as within-subjects factors. This
analysis aimed to test whether higher levels of adverse childhood experiences were associated

with greater cardiac deceleration in response to rejection feedback. The ANCOVA examined the
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main effect of ACE, as well as potential interactions between ACE and the within-subjects
factors.

A second ANCOVA was conducted, just as the previous one; the test examined the
effects of feedback on cardiac responses, this time with Attachment Styles as a between-subjects
factor. The variable attachment style was dichotomized into secure attachment style (= 0) and
insecure attachment style (= 1). The insecure attachment style category included avoidant,
anxious, and disorganized attachment styles. This analysis aimed to test whether insecure
attachment styles were associated with stronger cardiac deceleration in response to rejection
from a fellow participant. This analysis includes the main effect of Attachment Styles as well as
its interactions with judgment type and sequential IBI.

Subjective Pain Differences

A repeated measures ANOVA was conducted to investigate the effects of feedback type
on subjective pain ratings during the rejection task. Subjective pain was used as the dependent
variable. Own feedback and Other feedback were treated as within-subjects factors. The analysis
tested for main and interaction effects to determine whether higher ratings of pain were reported
when rejected in comparison to other feedback conditions.

Secondly, to examine whether ACE scores influenced the effects of feedback type
on subjective pain, the same repeated-measures model was re-run with ACE included as a
covariate (ANCOVA). All other specifications of the analysis remained identical.

An additional repeated measures ANCOVA was conducted to explore whether
attachment style influenced subjective pain responses across the different feedback conditions. In
this model, attachment style was included as a between-subjects factor, Own feedback and Other

feedback remained the within-subjects factors, and subjective pain was the dependent variable.
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Lastly, to explore differences in swiping behavior patterns across the attachment styles, a
one-way ANOVA was conducted. The yes responses were transformed into percentages and
compared across attachment styles to determine whether there were differences.

Results

A total of 56 individuals (N = 56) initially participated in the romantic feedback task.
Seven participants who had missing data on the IBI measure were excluded to ensure
comparability. The final sample was of 49 participants. When screening for influential cases, all
Cook’s Distance scores were >1, meaning there were no influential cases. Seven standardized
residuals exceeded the £3.29 across different variables. No participant exceeded this threshold on
more than one measure. Inspection of the raw data showed no impossible values or entry errors,
the scores reflected individual variability in participants (e.g., consistently reporting higher
subjective pain ratings across conditions). Therefore, the data points remained. Re-running the
analyses without these cases yielded the same pattern of results, confirming the robustness of the
findings.

Participant demographics are presented in Table 1. The overview of the mean and

standard deviation for ACE and attachment styles is shown in Table 2.
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Table 1

Demographic characteristics of the final sample

Statistic Age Gender

| | |
Male Female Non-binary ~ Prefer not to
say

| | | | | |

n 49 21 26 1 1

Mean (SD) 22.02 (2.61)
| |

Sexual orientation
|
Gay Bisexual Heterosexual Queer Unsure

n 1 7 35 3 3

Note. Descriptive statistics for the final sample (N=49). Including n, Mean and Standard

Deviation (SD) for Age, and frequencies for Gender and Sexual orientation
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Table 2

Descriptive statistics of key study variables

ACE Attachment style

Not secure (0) Secure (1)

n 49 34 15

Mean (SD)  1.69 (1.46)

Note. Descriptive statistics for key study variables Adverse childhood experiences (ACE) and
Attachment style. Attachment style was dichotomized into “0O = not secure” (incl. anxious,
avoidant and disorganized attachment styles) and “1 = secure”

The first main analysis is a 2x2x4 repeated measure ANOVA, which examined the
effects of participants’ own choices in relation to others’ judgments on cardiac deceleration,
measured through inter-beat intervals (IBI0-3). Q-Q plots for the combination of own judgement,
others’ judgement, and inter-beat interval (IBI) suggested approximate normality. Normality was
further supported by Shapiro—Wilk’s test, indicating the data to be approximately normally
distributed across conditions, although a few early inter-beat intervals showed minor deviations.
Given the moderate sample size and the robustness of repeated measures ANOVA to such
deviations, no data transformations were applied. Since the within-subject factors had 4 levels,
the Sphericity assumption was tested. Mauchley’s test of sphericity was violated for all effects
involving IBI (all p <.001), therefore, the Greenhouse—Geisser correction was applied. The
repeated measures ANOVA analysis yielded a significant main effect of IBL, F (1.70, 81.35) =
6.13, p =.005, n?> = .11, meaning cardiac deceleration changed at different time points. A

significant interaction was also found between participants' own judgements and that of the
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potential partners, F (1, 48) =5.55, p = .02, n* = .10, suggesting cardiac responses to potential
partners’ feedback to be dependent on participants’ own evaluations. Providing evidence toward
an existing rejection effect. Lastly, the three-way interaction between own judgement, potential
partner judgement, and IBI was significant, F (1.80, 144) = 7.66, p = .001, n?> = .14, indicating
the effect of rejection on cardiac deceleration to vary across inter-beat intervals, or in other
words, change over time. Mean cardiac deceleration across IBI0-3 for each combination of
participants’ and potential partners’ judgements is illustrated in Figure 2.

Figure 2

Mean cardiac deceleration for match (Yes-Yes), rejection (Yes-No), unrequited (No-Yes), and

disinterest (No-No)

40
et Match (YY)

- o= Rejection (YN)
- ge= Unrequited (NY)

30 g Disinterest (NN) 7
7/

N [
o w

Delta IBI (ms)

—
w

10

Sequential 1Bl
Note. Error bars represent 95% confidence intervals.
To see which feedback conditions differ and at what time points, pairwise comparisons

were looked at. When participants said “Yes”, there was no significant difference in cardiac
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deceleration between when the potential partner said “Yes” and when they said “No” during
early cardiac intervals IBIO, Mgitr = -.96, p = .89, and IBI1, Mgirr = -9.72, p = .22. At later
intervals, however, a rejection effect emerged. Both IBI2, Mairr=-18.798, p = .008, and IBI3,
Muir = -20.77, p = .005, showed cardiac deceleration to increase when own judgment is “Yes”,
and the other participant says “No”. This suggests that the emotional impact of rejection
manifests during later cardiac intervals. Additionally, a significant effect was also found when
participants said “No” and others said “Yes”; this was only significant for IBI2, Maitr = -5.73, p <
.05.

Secondly, a 2x2x4 ANCOVA was conducted, to examine the effect of Adverse
Childhood Experiences on IBI changes in response to being rejected by a potential partner.
Before running the analysis, the appropriate assumptions were checked.

Mauchly’s test indicated the sphericity assumption to be violated across all effects
involving IBI, for this reason, we use Greenhouse-Geisser. No major deviations or nonlinear
patterns were observed when visually inspecting scatter plots, indicating an approximately linear
relationship. In addition, no significant interaction effects were found between ACE scores and
any within factors, meaning homogeneity of slopes assumption was met. In the ANCOVA, the
main effect of ACE was not significant, F (1, 47) = 1.01, p = .32, n?> =.02. ACE scores did not
significantly predict IBI changes across any feedback condition. All interactions involving ACE
were also non-significant. Overall, ACE scores did not alter cardiac deceleration responses to

rejection.



Figure 3

Scatter of ACE scores and IBI 2 in the Yes-No condition
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The third analysis was also a 2x2x4 design examining the effects of Attachment

styles (secure = 1, not secure = 0) on IBI changes when experiencing romantic rejection.

Sphericity checks using Mauchly’s test of sphericity showed violations across all

interactions with IBI, therefore, Green House Geisser correction was used. Homogeneity

of variances were checked with Levene’s test for homogeneity, all variances are equal

across all groups. The main effect of Attachment styles was not significant, F = .903, p =

.35, n? =.02. Insecure attachment styles did not significantly affect cardiac deceleration

when experiencing romantic rejection. The interaction between Attachment style and all

other within factors (own judgement, other judgement and IBI) were not significant, all F

<2.50 and all p > .12. The visual depiction of mean IBI2 time across all feedback

conditions for attachment styles is depicted in Figure 4.
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Figure 4

Mean cardiac deceleration changes in secure and not secure attachment styles across IBI2

feedback conditions.
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Note. Error bars represent 95% confidence intervals.

To examine the effects of own judgement and the potential partner’s judgement on
subjective pain scores, a 2X2 repeated-measures ANOVA was conducted. Q—Q plots
revealed minor departures from normality, especially in the lower tail, which are expected
for 0—100 scale pain ratings. As repeated-measures ANOVA is robust to such deviations,
all analyses were carried out without adjustment. There was a significant main effect of
own judgement, F (1, 48) = 21.85, p <.001, n? = .31. Participants reported higher pain
when they had indicated interest in the potential partner compared to when they had not.
Others’ judgement also showed a significant main effect, F (1, 48) =28.89, p <.001, n* =
.38, meaning participants experienced greater pain when they received a rejection from the
potential partner compared to an acceptance. Lastly the interaction effect between own

judgement and potential partners judgement was significant, F (1, 48) = 88.09, p <.001,
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n? = .65. Thus, the effect of the potential partner’s judgement on pain, depended on the
participant’s own judgement, in other words, rejection elicited the highest pain when
participants had indicated interest themselves. Pairwise comparisons were examined to
examine how specific combinations of own and other judgements influenced subjective
pain. When participants indicated “Yes”, pain was significantly higher when the potential
partner responded with “No” rather than “Yes,” Mairr = 28.69, p < .001, indicating that
rejection was especially painful when participants had expressed interest. When
participants indicated “No”, pain was also higher when the potential partner responded
with “Yes” compared to “No,” Mair = 10.44, p < .001. This suggests that mismatched
outcomes, either liking someone who rejects you (YN) or being liked by someone you
reject (NY) produce greater subjective pain than matched outcomes (Y'Y or NN). These

mean differences are depicted in Figure 5.



Figure 5

Mean subjective Pain Ratings Across Own and Other Judgements
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Note. Mean pain scores reported in each feedback condition, based on whether participants
said “Yes” or “No” and whether the potential partner responded with “Yes” or “No.” Error
bars represent 95% confidence intervals.

To examine whether adverse childhood experiences (ACE) influenced pain
responses to judgment outcomes, a 2x2 repeated-measures ANCOVA was conducted with
ACE as a covariate. Scatterplots between ACE and pain were used to check for linearity,
despite the clustering of ACE no major deviations of linearity were identified. The
assumption of linearity was considered met. There were no significant interaction effects
between ACE and own judgement, or potential partners’ judgement, hence the
homogeneity of slopes assumption was met. The ANCOVA showed no significant main
effect of ACE, F (1, 47)=19.9, p = .84, 1> = .001, indicating that ACE scores did not
predict changes in subjective pain ratings across feedback conditions. Interactions

involving ACE were also non-significant (all F < 1.45, all p > .24). Overall, ACE scores

26



27

did not influence subjective pain responses to rejection. Figure 6 presents the score

distribution of ACE scores in relation to subjective pain when the participant is rejected.

Figure 6

Scatter of ACE scores and Pain in the Yes-No condition
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To examine whether attachment style (secure = 1, insecure = 0) influenced subjective

pain, a 2x2 repeated-measures ANOVA was conducted. Homogeneity of variances was assessed

using Levene’s test, which indicated no violations, suggesting that group variances were

equivalent. The main effect of attachment style was not significant, F (1, 47) = 0.38, p = .64,

partial n? = .005, indicating that insecure attachment did not significantly predict subjective pain

during romantic rejection. Interactions between attachment style and any within-subject factors

(Own Judgement, Other Judgement, or their interaction) were also non-significant, all F <3.71,



28

all p > .06. Mean subjective pain scores across feedback conditions for each attachment group

are shown in Figure 7.

Figure 7

Mean subjective pain scores across feedback conditions for each attachment group.
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Lastly, a One-way ANOVA was performed to explore the swiping behavior
differences in attachment styles by using “Yes” swipe percentage. Visual inspection of Q—
Q plots indicated that the distribution of yes-swipe percentages was approximately normal
within each attachment group. Therefore, the normality assumption for the ANOVA was
considered met. Levene’s Test of homogeneity confirmed homogeneity of variances was
met. The ANOVA revealed no significant effect of attachment style on yes-swipe
percentage, F' (2, 46) = 0.35, p = .71. This indicates that avoidantly attached participants

did not swipe “yes” less often than the other attachment groups.
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Discussion

This study examined how romantic feedback influences cardiac deceleration and
subjective pain and whether these responses are shaped by Adverse Childhood Experiences
(ACEs) and attachment styles. In addition, we investigated whether attachment style was
associated with swiping behaviors. Results show that cardiac deceleration was largest when
participants wanted to go on a date but were rejected. Unrequited feedback, defined as the
participant not expressing interest while receiving interest from the other person, elicited the
second highest level of cardiac deceleration. However, neither ACE scores nor attachment style
were associated with cardiac deceleration in response to feedback. Subjective pain ratings were
higher when participants were rejected, but ACE scores and attachment style did not influence
subjective pain reactions to feedback. Swiping behavior differences between the attachment
styles were also not found.

Before examining the effects of ACE and attachment styles, it was important to see
whether rejection alone increased cardiac deceleration during the task. Cardiac deceleration was
highest when the participant was rejected by someone they were interested in, in line with the
existing literature (Van der Veen, 2019). However, this study unexpectedly found unrequited
love to elicit the second highest level of cardiac deceleration, whereas Van der Veen (2019)
reported greater cardiac deceleration in response to disinterest. This suggests that participants
might experience an increase in romantic pain when responding no to another participant yet
receiving a positive response in return. A reason as to why this may have occurred is the
differences between our research design and that of previous paradigms. Van der Veen and
colleagues’ (2019) study, for instance, consisted of a heterosexual sample group, where men

were only shown women and vice versa. As stated earlier, our study includes multiple sexual
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orientations, exposing individuals with opposing sexual orientations to each other. The current
literature suggests that heterosexual men are more likely to experience masculinity threats in
response to homosexual men; this finding applies to effeminate homosexual men (Glick et al.,
2007; Wellman et al., 2021; Salvati et al., 2021). The studies indicate that heterosexual men may
experience heightened masculinity threat when encountering same-gender individuals who
deviate from conventional masculine norms, especially when these individuals are seen as more
feminine and express same-sex attraction. This bias stems from their desire to create distance
from such men to uphold gender norms (Glick et al., 2007; Wellman et al., 2021; Salvati et al.,
2021). There is currently no research examining this effect in female counterparts. Receiving
feedback from someone of a different sexual orientation may also constitute as an expectancy
violation. Prior research suggests that expectancy violations in social situations can produce
cardiac deceleration responses, which may explain the unexpected effect observed, where
expectancy violation could have influenced cardiac responses to feedback (Le Poire & Burgoon,
1996; Mendes et al., 2007).

It was hypothesized that more ACEs would be associated with an increase in cardiac
deceleration when rejected by a potential romantic partner, however, this effect was not found in
the current study. Previous research found that more ACEs are associated with increased
rejection sensitivity, and may therefore heighten one’s vulnerability towards social pain,
including romantic rejection (Anda et al., 2006; Bowlby, 1982; Gao et al., 2024). One
explanation for why the relationship was not found to be significant in the current study could be
the non-clinical nature of our sample, which may have affected the variability of ACE scores in
our sample. The sample in this study largely consisted of healthy international Psychology

master's students. Most participants scored well below the threshold of low to moderate adversity



31

on the Adverse Childhood Experiences Questionnaire, leading to a floor effect; the lack of
variability was likely insufficient to reveal significant associations of ACE and cardiac
deceleration when romantically rejected. Most research concerning ACEs treat the score of 4 as
an informal cut-off point, with many findings suggesting risks for negative outcomes tend to
increase sharply from that point onward (Watt et al., 2022; Hardcastle et al., 2018; Bryan, 2019;
Hughes et al., 2017). In our sample, five participants scored a 4 or above, with one score of 5 and
one score of 6, which suggests that the sample may not have contained enough high-risk cases to
reveal strong associations. Most of the scores were in the 0 to 3 range. Additionally, our study
excluded individuals with neurological or psychiatric disorders, thereby further limiting
variability. Previous research suggests ACE to be strongly associated with poorer mental health
outcomes, increasing the chances of developing psychiatric disorders such as depression
(Danielsdottir et al., 2024; Hughes et al., 2017; Hughes et al., 2019; Petruccelli, Davis, &
Berman, 2019; Copeland et al., 2018). Including individuals with psychiatric disorders may have
increased the ACE score variability of our sample.

Regarding attachment styles, it was anticipated that insecure attachment styles would lead
to an increase in cardiac deceleration in romantic rejection, this effect was not found in the
current study. Previous research suggests insecure attachment styles to experience higher
rejection sensitivity (Downey & Feldman, 1996; Bowlby, 1982; Fisher, 2014; Burklund et al.,
2007; Van der Veen et al., 2014; Eisenberger, 2012). Therefore, individuals with insecure
attachment styles were expected to show a heightened sensitivity to rejection.

The proportion of securely vs non securely attached participants observed in the present
sample may reflect typical distribution in non-clinical student populations, rather than indicating

a predominantly vulnerable sample (Hazan & Shaver, 2017).
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One possible explanation to the findings in this study, may be the unequal group sizes
between the attachment styles. The sample consisted of 15 securely attached individuals and 34
in the non-secure group. The attachment groups were therefore unbalanced. Unequal group sizes,
especially when combined with dichotomization, reduce power and can obscure between-group
differences (Sauzet & Peacock, 2014). Furthermore, dichotomizing attachment styles may have
obscured distinct effects associated with anxious versus avoidant attachment. Current research
indicates attachment styles should be treated as dimensional rather than categorical, due to
anxiety and avoidance reflecting continuous and distinct underlying processes that are lost when
people are boxed into broad categories like “secure” or “insecure”, let alone a category such as
not secure (Fraley, 2019; Fraley et al., 2011). FMRI studies suggest, anxious and avoidant
attachment styles exhibit opposing response patterns in the brain. The dACC is often associated
with the experience of social pain; anxiously attached individuals were associated with
heightened dACC activity, whilst avoidants showed dampened dACC activity (Eisenberger et al.,
2003; DeWall et al., 2010; DeWall et al., 2012). These findings further suggest comparing the
attachment styles separately, as together they may neutralize any existing effect.

Considering our sample mostly consists of healthy (without psychiatric disorders)
psychology master students, the high proportion of participants classified as insecurely attached
is noteworthy. One possible explanation is that individuals with non-secure attachment styles
may be more likely to engage in online dating, which could increase the likelihood of
participation in online dating paradigms. Multiple studies have found that anxiously attached
people report using online dating platforms more frequently than other attachment styles (Chin et
al., 2018; Topino et al., 2025; Coffey et al., 2022; Jonason & Bulyk, 2019). Potentially due to a

heightened motivation to seek romantic connection (Chin et al., 2018). In addition, avoidantly



33

attached individuals may initially prefer online dating, as it enables them to have easier control
over the interactions and allows them to create emotional distance (Nelson, 2024). Although
speculative, these patterns may partially account for the attachment distribution in the current
sample.

Subjective pain responses were highest following romantic rejection compared to all
other feedback conditions. This aligns with the previous research showing that self-reported pain
is greatest following an unexpected event, such as romantic rejection in the present paradigm
(Torzillo et al., 2024).

The study hypothesized that higher ACE scores would be associated with higher
subjective pain ratings. The existing literature suggests that individuals with higher ACE scores
have an increased level of rejection sensitivity, possibly inducing higher levels of subjective pain
(Anda et al., 2006; Bowlby, 1982; Gao et al., 2024). However, this effect was not found within
this study. Similarly to our cardiac findings, this may be due to the lack of variability of ACE
scores in our sample, as well as the exclusion of individuals with psychiatric disorders. A recent
fMRI study by Truchan (2025), looking at amygdala and dorsolateral prefrontal cortex
activation, contradicts our initial hypothesis. They suggest that individuals with higher ACE
scores are less responsive to social rejection due to early-life exposure, which may help build
resilience in adulthood. The latter may apply to romantic rejection and may suggest that high
ACE scores are negatively associated with higher subjective pain. However, this interpretation
may not apply across all levels of adversity. It is possible that individuals with moderately high
ACE scores exhibit greater resilience to romantic rejection, whereas individuals with more
severe ACE exposure may show heightened vulnerability to subjective social pain. This pattern

would be consistent with an inverted U-shaped relationship between ACEs and subjective pain
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responses, which could not be tested in the current study due to sample characteristics (Seery et
al., 2010).

The fourth hypothesis examined whether attachment styles were associated with higher
subjective pain ratings during the rejection task, however, no differences in subjective pain were
observed across the attachment styles. One possible explanation is that attachment-related
differences tend to emerge most strongly in emotionally meaningful or attachment-relevant
contexts (Fraley, 2019). Although the present paradigm successfully elicits affective and
physiological responses to romantic feedback, the brief nature of online dating may not be
sufficient to fully engage participants attachment styles. Since feedback was provided by
strangers rather than emotionally significant others, attachment related differences in subjective
pain may not have been expressed. This raises the question of whether real-world online dating
interactions, which typically involve short term engagement, are sufficient to activate attachment
processes. As previously mentioned, uneven group sizes between the secure and non-secure
groups, together with a dichotomizing, may have limited the detection of differences between the
attachment styles, given that they were grouped together for comparison. (Sauzet & Peacock,
2014; Fraley, 2019; Fraley et al., 2011).

As exploratory hypothesis, the study looked at swiping behavior differences between the
attachment styles, predicting fewer ‘yes’ swipes from those with an avoidant attachment style.
The prediction was based on the notion that avoidants tend to create emotional distance due to
fear of rejection and may therefore become more cautious when making romantic decisions
(Downey & Feldman, 1996; Bowlby, 1982). However, no such association was found in the
current study. Although the research on attachment styles and online dating is highly limited,

some do suggest avoidants are less inclined to use dating apps due to their expectations of
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failure, inability to commit, and striving for emotional distance (Chin et al., 2018; Topino et al.,
2025). Even so, others suggest that avoidants may be more inclined to use such apps due to the
perceived lack of intimacy, allowing users increased control over their interactions and the
ability to self-disclose at their own pace (Nelson, 2024). Negative associations were found
between avoidant attachment style and seeking self-disclosure, supporting the idea that avoidants
would benefit from controlled self-disclosure opportunities such as online dating apps
(Bartholomew, 1990; Mikulincer & Shaver, 2016). The association between a decrease in giving
positive feedback and an avoidant attachment style remains unclear within the existing literature.
In addition, there was a low percentage of positive feedback across all participants, despite their
attachment style. When combining all attachment styles, participants gave a mean of 22% ‘yes’
responses. A possible reason for this may be the design of the task itself. Since the sample
consisted of multiple different genders and sexual preferences; as a result, the task included
profiles that did not correspond to participants’ sexual orientation, meaning they often had to
swipe on individuals to whom they were not sexually attracted. For instance, heterosexual men
swiping on homosexual men. This is likely the reason for the low positive feedback percentage.
The current study consists of many strengths. By combining cardiac deceleration and
subjective pain ratings, the study was able to capture physiological and subjective changes in the
experience of romantic rejection. Furthermore, the task closely resembles online dating
platforms, increasing the generalizability of our findings to real-world online dating.
Additionally, our sample, unlike previous studies of a similar nature, includes different sexual
orientations. Increasing inclusivity within the sample further strengthens the validity of the

research design.
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Despite the strengths, several limitations indicate that the results should be interpreted
carefully. Firstly, the sample was relatively small, limiting the statistical power and, in turn,
hindering our ability to find subtle effects and inflating effect sizes. Small samples may hide true
population effects; therefore, a replication using a larger sample would be ideal. In addition, the
attachment groups were highly imbalanced, something that is less likely to occur in larger
samples. The sample was highly homogeneous, mostly consisting of healthy, well-educated
master's psychology students. Increasing variability, for instance, including people with
psychiatric disorders, may be beneficial for further research on ACE and attachment styles
within this context. The ACE questionnaire provides only a brief assessment of childhood
adversity and therefore does not fully capture the complexity of the construct. Testing for factors
related to ACE may be interesting for future research. Developing a more detailed questionnaire
for ACE in which the consequences of adversity are considered may better reflect the construct.
Lastly, although an inclusive sample, having multiple sexual orientations in one sample may give
rise to the influence of external factors (e.g., expectancy violation). Allowing participants to
swipe only on people who share their sexual orientation would better capture the experience of
romantic rejection and make the design more generalizable, given that dating apps typically
include such filters.

Overall, the present study found that romantic rejection was associated with greater
cardiac deceleration and higher subjective pain ratings compared to non-rejection conditions,
consistent with previous findings using similar paradigms. In contrast, ACE scores and
attachment style were not significantly associated with cardiac deceleration, subjective pain or
swiping behaviors. These findings likely reflect characteristics of the sample design, such as

limited variability in ACE scores influenced by the exclusion of individuals with psychiatric
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disorders and the dichotomization of attachment styles potentially canceling out attachment
related effects. Additionally, it remains unclear whether brief, interactions with unfamiliar
partners within online dating, are sufficient to consistently activate attachment processes during
the task. It is important to note that the finding that unrequited interest elicited pronounced
cardiac deceleration was unexpected and has not been consistently reported in previous romantic
rejection paradigms. This suggests a potentially distinct physiological sensitivity to unrequited
romantic interest. This observation highlights an interesting direction for future research to
further examine the mechanisms underlying cardiac responses to different forms of romantic
evaluation and potential moderating factors. Nevertheless, the study demonstrates that the online
dating romantic rejection paradigm elicits physiological and subjective romantic pain responses.
Future research should consider larger and more diverse samples, greater variability in exposure
to adversity, more comprehensive ACE scales, and more dimensional approaches of measuring
attachment, which may better capture attachment subtype-specific responses to romantic

rejection.



38

References

Anda, R. F., Felitti, V. J., Bremner, J. D., Walker, J. D., Whitfield, C., Perry, B. D., Dube, S. R.,
& Giles, W. H. (2006). The enduring effects of abuse and related adverse experiences in
childhood. A convergence of evidence from neurobiology and epidemiology. European
archives of psychiatry and clinical neuroscience, 256(3), 174—186.
https://doi.org/10.1007/s00406-005-0624-4

Aron, A., Fisher, H., Mashek, D., Strong, G., Li, H., & Brown, L. (in preparation). Neural
systems in intense romantic attraction: An fMRI study.” (“Romance and sex in
adolescence and emerging adulthood: risks and opportunities”, 2006, p. 21)

Bartholomew, K. (1990). Avoidance of Intimacy: An Attachment Perspective. Journal of Social

and Personal Relationships, 7(2), 147-178. https://doi.org/10.1177/0265407590072001

(Original work published 1990)
Baumeister, R. F., & Leary, M. R. (1995). The need to belong: Desire for interpersonal
attachments as a fundamental human motivation. Psychological Bulletin, 117(3), 497—

529. https://doi.org/10.1037/0033-2909.117.3.497

Baumeister, R. F., Wotman, S. R., & Stillwell, A. M. (1993). Unrequited love: On heartbreak,

anger, guilt, scriptlessness, and humiliation. Journal of Personality and Social

Psychology, 64(3), 377-394. https://doi.org/10.1037/0022-3514.64.3.377
Bellis, M. A., Hughes, K., Ford, K., Rodriguez, G. R., Sethi, D., & Passmore, J. (2019). Life
course health consequences and associated annual costs of adverse childhood experiences

across Europe and North America: a systematic review and meta-analysis. The Lancet

Public Health, 4(10), e517-e528.


https://doi.org/10.1177/0265407590072001
https://doi.org/10.1037/0033-2909.117.3.497
https://doi.org/10.1037/0022-3514.64.3.377

39

Bode, A., & Kushnick, G. (2021). Proximate and Ultimate Perspectives on Romantic Love.

Frontiers in Psychology, 12, 573123, https://doi.org/10.3389/fpsyg.2021.573123

Bowlby, J. (1982). Attachment and loss: Retrospect and prospect. American Journal of

Orthopsychiatry, 52(4), 664—678. https://doi.org/10.1111/j.1939-0025.1982.tb01456.x

Bremner, J., Perry, B., Whitfield, C., & Dube, S. (2006). “The Enduring Effects of Abuse and
Related Adverse Experiences in Childhood: A Convergence of Evidence from
Neurobiology and Epidemiology. Eur Arch Psychiatry Clinical Neuroscience, 256, 174-
186.

Bryan, R. H. (2019). Getting to why: Adverse childhood experiences' impact on adult health. The
Journal for Nurse Practitioners, 15(2), 153-157.

Cawley, R., Pontin, E. E., Touhey, J., Sheehy, K., & Taylor, P. J. (2019). What is the relationship
between rejection and self-harm or suicidality in adulthood? Journal of Affective

Disorders, 242, 123—134. https://doi.org/10.1016/;.1ad.2018.08.082

Chin, K., Edelstein, R. S., & Vernon, P. A. (2019). Attached to dating apps: Attachment
orientations and preferences for dating apps. Mobile Media & Communication, 7(1), 41-
59.

Coffey, J. K., Bond, D. K., Stern, J. A., & Van Why, N. (2022). Sexual experiences and
attachment styles in online and offline dating contexts. International Journal of Sexual
Health, 34(4), 665-678.

Collins, N. L. (1996). Revised adult attachment scale. Behavior therapy.

Collins, N. L. (1996). Working models of attachment: implications for explanation, emotion, and

behavior. Journal of personality and social psychology, 71(4), 810.


https://doi.org/10.3389/fpsyg.2021.573123
https://doi.org/10.1111/j.1939-0025.1982.tb01456.x
https://doi.org/10.1016/j.jad.2018.08.082

40

Cooper, J. C., Dunne, S., Furey, T., & O'Doherty, J. P. (2013). The role of the posterior temporal
and medial prefrontal cortices in mediating learning from romantic interest and
rejection. Cerebral cortex, 24(9), 2502-2511.

Cooper, J. C., Kreps, T. A., Wiebe, T., Pirkl, T., & Knutson, B. (2010). When giving is good:
Ventromedial prefrontal cortex activation for others’ intentions. Neuron, 67(3), 511-521.
https://doi.org/10.1016/j.neuron.2010.06.030.

Copeland, W. E., Shanahan, L., Hinesley, J., Chan, R. F., Aberg, K. A., Fairbank, J. A., ... &
Costello, E. J. (2018). Association of childhood trauma exposure with adult psychiatric
disorders and functional outcomes. JAMA network open, 1(7), €184493-e184493.

Danielsdéttir, H. B., Aspelund, T., Shen, Q., Halldorsdottir, T., Jakobsdottir, J., Song, H., ... &
Valdimarsdottir, U. A. (2024). Adverse childhood experiences and adult mental health
outcomes. JAMA psychiatry, 81(6), 586-594

DeWall, C. N., MacDonald, G., Webster, G. D., Masten, C. L., Baumeister, R. F., Powell, C., ...
& Eisenberger, N. 1. (2010). Acetaminophen reduces social pain: Behavioral and neural
evidence. Psychological science, 21(7), 931-937.

DeWall, C. N., Masten, C. L., Powell, C., Combs, D., Schurtz, D. R., & Eisenberger, N. 1.
(2012). Do neural responses to rejection depend on attachment style? An fMRI study.
Social cognitive and affective neuroscience, 7(2), 184-192.

Downey, G., & Feldman, S. 1. (1996). Implications of rejection sensitivity for intimate
relationships. Journal of personality and social psychology, 70(6), 1327.

Eisenberger, N. L. (2012). The pain of social disconnection: Examining the shared neural
underpinnings of physical and social pain. Nature Reviews Neuroscience, 13(6), 421—

434, https://doi.org/10.1038/nrn3231



https://doi.org/10.1038/nrn3231

41

Eisenberger, N. 1., Lieberman, M. D., & Williams, K. D. (2003). Does Rejection Hurt? An fMRI
Study of Social Exclusion. Science, 302(5643), 290-292.

https://doi.org/10.1126/science. 1089134

Felitti, V. J., Anda, R. F., Nordenberg, D., Williamson, D. F., Spitz, A. M., Edwards, V., Koss,
M. P., & Marks, J. S. (1998). Relationship of childhood abuse and household dysfunction
to many of the leading causes of death in adults. The Adverse Childhood Experiences
(ACE) Study. American Journal of Preventive Medicine, 14(4), 245-258.

https://doi.org/10.1016/s0749-3797(98)00017-8

Fisher, H. (2014). Broken hearts: The nature and risks of romantic rejection. In Romance and sex
in adolescence and emerging adulthood (pp. 3-28). Psychology Press.

Fisher, H. E., Brown, L. L., Aron, A., Strong, G., & Mashek, D. (2010). Reward, Addiction, and
Emotion Regulation Systems Associated With Rejection in Love. Journal of

Neurophysiology, 104(1), 51-60. https://doi.org/10.1152/jn.00784.2009

Fraley, R. C. (2019). Attachment in adulthood: Recent developments, emerging debates, and
future directions. Annual review of psychology, 70(1), 401-422.

Fraley, R. C., Heffernan, M. E., Vicary, A. M., & Brumbaugh, C. C. (2011). The experiences in
close relationships—Relationship Structures Questionnaire: A method for assessing
attachment orientations across relationships. Psychological assessment, 23(3), 615.

Gao, S., Assink, M., Bi, C., & Chan, K. L. (2024). Child Maltreatment as a Risk Factor for

Rejection Sensitivity: A Three-Level Meta-Analytic Review. Trauma, Violence, &

Abuse, 25(1), 680—690. https://doi.org/10.1177/15248380231162979


https://doi.org/10.1126/science.1089134
https://doi.org/10.1126/science.1089134
https://doi.org/10.1016/s0749-3797(98)00017-8
https://doi.org/10.1152/jn.00784.2009
https://doi.org/10.1177/15248380231162979

42

Glick, P., Gangl, C., Gibb, S., Klumpner, S., & Weinberg, E. (2007). Defensive reactions to
masculinity threat: More negative affect toward effeminate (but not masculine) gay men.
Sex roles, 57(1), 55-59.

Gunther Moor, B., Crone, E. A., & Van Der Molen, M. W. (2010). The Heartbrake of Social
Rejection: Heart Rate Deceleration in Response to Unexpected Peer Rejection.

Psychological Science, 21(9), 1326—-1333._https://doi.org/10.1177/0956797610379236

Gunther Moor, B., Giiroglu, B., Op De Macks, Z. A., Rombouts, S. A. R. B., Van Der Molen, M.
W., & Crone, E. A. (2012). Social exclusion and punishment of excluders: Neural

correlates and developmental trajectories. Neurolmage, 59(1), 708-717.

https://doi.org/10.1016/j.neuroimage.2011.07.028

Hardcastle, K., Bellis, M. A., Ford, K., Hughes, K., Garner, J., & Rodriguez, G. R. (2018).
Measuring the relationships between adverse childhood experiences and educational and
employment success in England and Wales: findings from a retrospective study. Public
health, 165, 106-116.

Hazan, C., & Shaver, P. (2017). Romantic love conceptualized as an attachment process. In
Interpersonal development (pp. 283-296). Routledge.

Hughes, K., Bellis, M. A., Hardcastle, K. A., Sethi, D., Butchart, A., Mikton, C., Jones, L., &
Dunne, M. P. (2017). The effect of multiple adverse childhood experiences on health: A
systematic review and meta-analysis. The Lancet Public Health, 2(8), e356—e366.

https://doi.org/10.1016/S2468-2667(17)30118-4

Jankowiak, W. R., & Fischer, E. F. (1992). A Cross-Cultural Perspective on Romantic Love.

Ethnology, 31(2), 149. https://doi.org/10.2307/3773618



https://doi.org/10.1177/0956797610379236
https://doi.org/10.1016/j.neuroimage.2011.07.028
https://doi.org/10.1016/j.neuroimage.2011.07.028
https://doi.org/10.1016/S2468-2667(17)30118-4
https://doi.org/10.1016/S2468-2667(17)30118-4
https://doi.org/10.2307/3773618

43

Jonason, P., & Bulyk, R. (2019). Who uses Tinder?: The Dark Triad traits, attachment, and mate
value. Studia Psychologica, 19(1).

Kim, S. G., Richter, W., & Ugurbil, K. (1997). Limitations of temporal resolution in functional
MRI. Magnetic resonance in medicine, 37(4), 631-636.

Kumar, N. (2025, September 19). Tinder Statistics 2025 (Users, Revenue & Demographics).

DemandSage._https://www.demandsage.com/tinder-statistics/

Le Poire, B. A., & Burgoon, J. K. (1996). Usefulness of differentiating arousal responses within
communication theories: Orienting response or defensive arousal within nonverbal
theories of expectancy violation. Communication Monographs, 63(3), 208-230.

https://doi.org/10.1080/03637759609376390

MacDonald, G., & Leary, M. R. (2005). Why Does Social Exclusion Hurt? The Relationship
Between Social and Physical Pain. Psychological Bulletin, 131(2), 202-223.

https://doi.org/10.1037/0033-2909.131.2.202

Maslow, A. H. (1943). A theory of human motivation. Psychological Review, 50(4), 370-396.

https://doi.org/10.1037/h0054346

McLaughlin, K. A., Sheridan, M. A., & Lambert, H. K. (2014). Childhood adversity and neural
development: Deprivation and threat as distinct dimensions of early experience.
Neuroscience & Biobehavioral Reviews, 47, 578-591.

Mearns J. (1991). Coping with a breakup: negative mood regulation expectancies and depression

following the end of a romantic relationship. Journal of personality and social

psychology, 60(2), 327-334. https://doi.org/10.1037//0022-3514.60.2.327


https://www.demandsage.com/tinder-statistics/
https://doi.org/10.1080/03637759609376390
https://doi.org/10.1037/0033-2909.131.2.202
https://doi.org/10.1037/0033-2909.131.2.202
https://psycnet.apa.org/doi/10.1037/h0054346
https://doi.org/10.1037//0022-3514.60.2.327

44

Mendes, W. B. , Blascovich, J. , Hunter, S. B., Lickel, B. & Jost, J. T. (2007). Threatened by the
Unexpected. Journal of Personality and Social Psychology, 92 (4), 698-716. doi:
10.1037/0022-3514.92.4.698.

Mikulincer, M., & Shaver, P. R. (2016). Attachment in adulthood: Structure, dynamics, and
change (2nd ed.). Guilford Press.

Morsa Images (2016). Confident businesswoman over gray background. Getty Images.

https://www.gettyimages.nl/detail/foto/confident-businesswoman-over-gray-background-

royalty-free-beeld/682897825?adppopup=true

Nelson, A. M. (2024). Adults With Avoidant Attachment Styles and Their Online Dating
Experien.

Olah, B., Fekete, Z., Kuritarné Szabo, 1., & Kovacs-Toth, B. (2023). Validity and reliability of
the 10-Item Adverse Childhood Experiences Questionnaire (ACE-10) among adolescents
in the child welfare system. Frontiers in Public Health, 11, 1258798.

https://doi.org/10.3389/fpubh.2023.1258798

Onoda, K., Okamoto, Y., Nakashima, K., Nittono, H., Ura, M., & Yamawaki, S. (2009).
Decreased ventral anterior cingulate cortex activity is associated with reduced social pain
during emotional support. Social Neuroscience, 4(5), 443—-454.

https://doi.org/10.1080/17470910902955884

Papousek, 1., Aydin, N., Lackner, H. K., Weiss, E. M., Biihner, M., Schulter, G., Charlesworth,
C., & Freudenthaler, H. H. (2014). Laughter as a social rejection cue: Gelotophobia and
transient cardiac responses to other persons’ laughter and insult. Psychophysiology,

51(11), 1112—-1121. https://doi.org/10.1111/psyp.12259



https://www.gettyimages.nl/detail/foto/confident-businesswoman-over-gray-background-royalty-free-beeld/682897825?adppopup=true
https://www.gettyimages.nl/detail/foto/confident-businesswoman-over-gray-background-royalty-free-beeld/682897825?adppopup=true
https://doi.org/10.3389/fpubh.2023.1258798
https://doi.org/10.3389/fpubh.2023.1258798
https://doi.org/10.1080/17470910902955884
https://doi.org/10.1080/17470910902955884
https://doi.org/10.1111/psyp.12259

45

Petruccelli, K., Davis, J., & Berman, T. (2019). Adverse childhood experiences and associated
health outcomes: A systematic review and meta-analysis. Child abuse & neglect, 97,
10412

Pronk, T. M., & Denissen, J. J. A. (2020). A Rejection Mind-Set: Choice Overload in Online
Dating. Social Psychological and Personality Science, 11(3), 388-396.

https://doi.org/10.1177/1948550619866189

Salvati, M. , Passarelli, M. , Chiorri, C. , Baiocco, R. & Giacomantonio, M. (2021). Masculinity
Threat and Implicit Associations With Feminine Gay Men. Psychology of Men &
Masculinities, 22 (4), 649-668. doi: 10.1037/men0000338.

Sauzet, O., & Peacock, J. L. (2014). Estimating dichotomised outcomes in two groups with
unequal variances: a distributional approach. Statistics in Medicine, 33(26), 4547—4559.

https://doi.org/10.1002/sim.6255

Schwartz, P., & Velotta, N. (2018). Online Dating: Changing Intimacy One Swipe at a Time? In

J. Van Hook, S. M. McHale, & V. King (Eds), Families and Technology (Vol. 9, pp. 57—

88). Springer International Publishing. https://doi.org/10.1007/978-3-319-95540-7_4
Seery, M. D., Holman, E. A., & Silver, R. C. (2010). Whatever does not kill us: cumulative
lifetime adversity, vulnerability, and resilience. Journal of personality and social
psychology, 99(6), 1025
Somerville, L. H., Heatherton, T. F., & Kelley, W. M. (2006). Anterior cingulate cortex responds
differentially to expectancy violation and social rejection. Nature Neuroscience, 9(8),

1007-1008. https://doi.org/10.1038/nn1728



https://doi.org/10.1177/1948550619866189
https://doi.org/10.1177/1948550619866189
https://doi.org/10.1002/sim.6255
https://doi.org/10.1007/978-3-319-95540-7_4
https://doi.org/10.1038/nn1728

46

Topino, E., Griffiths, M. D., & Gori, A. (2025). A Compulsive Search for Love Online: A Path
Analysis Model of Adult Anxious Attachment, Rejection Sensitivity, and Problematic
Dating App Use. International Journal of Mental Health and Addiction, 1-18.

Torzillo, J., Topel, S., Harrewijn, A., van der Molen, M. J., & van der Veen, F. (2024).
Subjective pain and reward in a social judgment paradigm. Current Psychology, 43(20),
18095-18108.

Treede, R.-D., Kenshalo, D. R., Gracely, R. H., & Jones, A. K. P. (1999). The cortical

representation of pain. Pain, 79(2), 105—111. https://doi.org/10.1016/S0304-

3959(98)00184-5

Truchan, E. R. (2025). Exploring the relationship between adverse childhood experiences, neural
activity in response to social feedback, and perceived social support.

Van Der Veen, F. M., Burdzina, A., & Langeslag, S. J. E. (2019). Don’t you want me, baby?
Cardiac and electrocortical concomitants of romantic interest and rejection. Biological

Psychology, 146, 107707. https://doi.org/10.1016/j.biopsycho.2019.05.007

Van Der Veen, F. M., Van Der Molen, M. W., Sahibdin, P. P., & Franken, I. H. A. (2014). The
heart-break of social rejection versus the brain wave of social acceptance. Social
Cognitive and Affective Neuroscience, 9(9), 1346—1351.

https://doi.org/10.1093/scan/nst120

Watt, T., Kim, S., Ceballos, N., & Norton, C. (2022). People who need people: the relationship
between adverse childhood experiences and mental health among college students.
Journal of American College Health, 70(4), 1265-1273.

https://doi.org/10.1080/07448481.2020.1791882



https://doi.org/10.1016/S0304-3959(98)00184-5
https://doi.org/10.1016/S0304-3959(98)00184-5
https://doi.org/10.1016/j.biopsycho.2019.05.007
https://doi.org/10.1093/scan/nst120
https://doi.org/10.1093/scan/nst120
https://doi.org/10.1080/07448481.2020.1791882

47

Wellman, J. D., Beam, A. J., Wilkins, C. L. , Newell, E. E. & Mendez, C. A. (2021).
Masculinity Threat Increases Bias and Negative Emotions Toward Feminine Gay Men.
Psychology of Men & Masculinities, 22 (4), 787-799. doi: 10.1037/men0000349.

Wingenfeld, Katja & Schifer, Ingo & Terfehr, Kirsten & Grabski, Heike & Driessen, Martin &
Grabe, Hans & Lowe, Bernd & Spitzer, Carsten. (2010). The Reliable, Valid and
Economic Assessment of Early Traumatization: First Psychometric Characteristics of the
German Version of the Adverse Childhood Experiences Questionnaire (ACE).
Psychotherapie, Psychosomatik, medizinische Psychologie. 61. e10-4. 10.1055/s-0030-
1263161.

Zhang, X., Van der Molen, M. J. W., Otieno, S. C., He, Z., Leppénen, P. H., & Li, H. (2021).
Neural correlates of acceptance and rejection in online speed dating: An
electroencephalography study. Cognitive, Affective, & Behavioral Neuroscience, 22(1),

145-159.



