Supplementary Materials
Supplementary Material [1.1]: Participant Screening and Selection for Experiment 1
We used G*Power 3.1 (Faul et al., 2007) to estimate the required sample size. Based on a medium effect size (f = 0.25), α = .05, and power (1 - β) = .95, the analysis suggested that 36 participants would be sufficient to detect within-between interactions in a 2 × 2 × 2 mixed design. Considering the uncertainty in power estimates for complex designs and need for robust sample size justification in confirmatory research (Brysbaert, 2019; Lakens, 2022), we recruited a larger sample.
This experiment included 770 participants (153 male individuals, mean age = 20.60 ± 1.91) who completed the 8-item Chinese version of the University of California Los Angeles Loneliness Scale (ULS-8), adapted and validated by Xu et al. (2018). The scale demonstrated good internal consistency (Cronbach’s α = .81), and total scores ranged from 8 to 32 points (mean ULS-8 score = 17.96 ± 4.00). Higher scores indicated greater loneliness. Based on Guan et al.’s (2025) classification criteria, participants who scored ≥ 21 and ≤ 15 points were classified into the high-loneliness (HL) and low-loneliness (LL) groups, respectively. This threshold reflected 0.8 standard deviations (SD) above and below the sample mean, respectively.
From numerous eligible candidates, 136 were invited to participate in the laboratory-based experiment. No participants reported a history of neurological or psychiatric disorders. Of these, 4 were excluded as their mean RT exceeded ± 3 SD from the overall sample mean. The final sample comprised 132 participants, divided into 2 loneliness groups: HL (n = 66, 10 male individuals, mean age = 20.76 ± 1.59, mean ULS-8 score = 22.46 ± 1.53) and LL group (n = 66, 20 male individuals, mean age = 20.35 ± 1.60, mean ULS-8 score = 12.90 ± 1.63). As associations between loneliness and symptoms of depression, anxiety, and stress are well-established (Ali et al., 2024; Wolters et al., 2023), participants also completed the Chinese version of the 8-item Depression Anxiety Stress Scale (DASS-8), translated from the original English scale (Ali et al., 2021). In the current sample, the DASS-8 demonstrated excellent internal consistency (Cronbach’s α = .90).




Supplementary Material [1.2]: Full 2 × 2 × 2 ANCOVA Results for Experiment 1 Behavioral Data (RT and Percentage errors)
For RT (see Fig. 1A), the 2 × 2 × 2 ANCOVA revealed a significant main effect of consistency, F(1, 128) = 55.01, p < .001, ηp2 = .30, with slower responses on inconsistent trials (EMM = 721 ms) than consistent trials (EMM = 669 ms). A significant consistency × perspective interaction was observed, F(1, 128) = 8.85, p = .004, ηp2 = .07. Follow-up comparisons revealed significant consistency effects for both perspectives. Participants responded more slowly to inconsistent than consistent trials (self: difference = 27 ms, p < .001; other: difference = 76 ms, p < .001). Furthermore, the effect of perspective was significant in consistent trials, with slower responses from the self-perspective than other-perspective (difference = 33 ms, p < .001). In inconsistent trials, this pattern was reversed (difference = -16 ms); however, the difference did not achieve significance (p = .089). In addition, the consistency × group interaction was significant, F(1, 128) = 8.97, p = .003, ηp2 = .07. Follow-up comparisons revealed significant consistency effects for both groups; participants responded more slowly to inconsistent than consistent trials (LL group: difference = 36 ms, p < .001; HL group: difference = 67 ms, p < .001). No other main effects or interactions were significant in the 2 × 2 × 2 ANCOVA (ps > .10).
For percentage errors (see Fig. 1B), the 2 × 2 × 2 ANCOVA revealed a significant main effect of consistency, F(1, 128) = 16.55, p < .001, ηp2 = .11, with more errors on inconsistent trials (EMM = 10.14%) than on consistent trials (EMM = 4.10%). A significant consistency × perspective interaction was observed, F(1, 128) = 9.27, p = .003, ηp2 = .07. Follow-up comparisons revealed significant consistency effects for both perspectives. Participants made more errors in inconsistent than consistent trials (self: difference = 3.60%, p < .001; other: difference = 8.47%, p < .001). Furthermore, the effect of perspective was also significant in consistent trials, with more errors in the self-perspective than the other-perspective (difference = 1.60%, p = .019). In inconsistent trials, this pattern was reversed (difference = -3.27%, p = .004), with more errors from the other-perspective than from the self-perspective. No other main effects or interactions were significant in the 2 × 2 × 2 ANCOVA (ps > .10).
	Supplementary Table 1: ANCOVAs of Behavioral Data in Experiment 1

	
	
	df
	F
	p
	ηp2

	RT
	Consistency
	1
	55.013
	<.001
	0.301

	
	Perspective
	1
	0.283
	0.596
	0.002

	
	Group
	1
	0.926
	0.338
	0.007

	
	Consistency*Perspective
	1
	8.851
	0.004
	0.065

	
	Consistency*Group
	1
	8.972
	0.003
	0.066

	
	Perspective*Group
	1
	1.366
	0.245
	0.011

	
	Consistency*Perspective*Group
	1
	0.479
	0.490
	0.004

	
	Residuals
	128
	
	
	

	
	
	
	
	
	

	Percentage errors
	Consistency
	1
	16.548
	<.001
	0.114

	
	Perspective
	1
	0.029
	0.865
	0.000

	
	Group
	1
	0.0002
	0.989
	0.000

	
	Consistency*Perspective
	1
	9.270
	0.003
	0.068

	
	Consistency*Group
	1
	0.815
	0.368
	0.006

	
	Perspective*Group
	1
	0.475
	0.492
	0.004

	
	Consistency*Perspective*Group
	1
	1.140
	0.288
	0.009

	
	Residuals
	128
	
	
	





	Supplementary Table 2: Follow-up Analyses of Behavioral Data in Experiment 1

	
	Comparisons
	Mean dif
	t
	p
	Cohen’s d

	RT (Consistency*Perspective)
	Self-Consistent vs.
Self-Inconsistent
	-27.038
	-3.698
	<.001
	0.194

	
	Other-Consistent vs.
Other-Inconsistent
	-75.959
	-11.119
	<.001
	0.546

	
	Self-Consistent vs.
Other-Consistent
	33.348
	4.846
	<.001
	0.240

	
	Self-Inconsistent vs.
Other-Inconsistent
	-15.573
	-1.713
	0.089
	0.112

	
	
	
	
	
	

	RT (Consistency*Group)
	LL-Consistent vs.
HL-Consistent
	-11.931
	-0.434
	0.830
	0.086

	
	LL-Inconsistent vs.
HL-Inconsistent
	-43.524
	-1.406
	0.487
	0.313

	
	LL-Consistent vs.
LL-Inconsistent
	-35.702
	-5.163
	<.001
	0.257

	
	HL-Consistent vs.
HL-Inconsistent
	-67.295
	-8.815
	<.001
	0.484

	
	
	
	
	
	

	Percentage errors (Consistency*Perspective)
	Self-Consistent vs.
Self-Inconsistent
	-3.596
	-4.154
	<.001
	0.509

	
	Other-Consistent vs.
Other-Inconsistent
	-8.469
	-10.093
	<.001
	1.198

	
	Self-Consistent vs.
Other-Consistent
	1.600
	2.383
	0.019
	0.226

	
	Self-Inconsistent vs.
Other-Inconsistent
	-3.273
	-3.152
	0.004
	0.463


Note. “HL”=high loneliness; “LL”=low loneliness; “Mean dif ”=mean difference.




Supplementary Material [2.1]: Participant Screening and Selection for Experiment 2
[bookmark: OLE_LINK13]We applied the same G*Power procedure and estimation parameters as in Experiment 1 and recruited a larger sample to ensure adequate statistical power. A total of 394 participants (102 male individuals, mean age = 19.75 ± 1.64) completed the ULS-8. To ensure methodological continuity with Experiment 1, we adopted the same cut-off scores previously established from a larger screening sample (N = 770), in which ± 0.8 SD corresponded to loneliness scores of ≥ 21 and ≤ 15 points for the HL and LL groups, respectively. Accordingly, 71 healthy participants (no reported history of neurological or psychiatric disorders) were recruited. Of these, 7 were excluded owing to excessive EEG artifacts (>25% trials; Luck, 2014), which yielded 64 participants divided into 2 loneliness groups: HL (n = 33, 8 male individuals, mean age = 19.42 ± 1.25, mean ULS-8 score = 22.70 ± 1.51) and LL group (n = 31, 11 male individuals, mean age = 19.61 ± 1.36, mean ULS-8 score = 13.52 ± 2.35). Similar to Experiment 1, all the participants also completed the DASS-8 (Cronbach’s α = .86). 




Supplementary Material [2.2]: Full EEG Recording and Preprocessing Details
EEG signals were recorded via 64 Ag/AgCl electrodes mounted on an elastic cap (Brain Products GmbH, Gilching, Germany) and arranged according to the extended international 10-20 system. The ground electrode was placed at AFz, while Cz served as the online reference according to the amplifier’s default configuration. Vertical and horizontal electrooculography activity was recorded via auxiliary electrodes placed below the right eye and at the left outer canthus, respectively. Electrode impedances were verified prior to recording and maintained below 5 kΩ to ensure optimal signal quality. Offline EEG preprocessing was conducted using EEGLAB (version 2024.0; Delorme & Makeig, 2004) and ERPLAB (version 8.30; Lopez-Calderon & Luck, 2014) implemented in the MATLAB R2022b environment (MathWorks Inc., Natick, MA, USA). To enhance processing speed, continuous EEG data were downsampled to 500 Hz. Direct current bias was removed, and a second-order Butterworth Infinite Impulse Response bandpass filter (0.1–30 Hz, 12 dB/octave) was applied. Artifacts were removed via an independent component analysis, with the extended infomax algorithm. Subsequently, components related to blinks and eye movements were excluded. Cleaned data were re-referenced to the average reference. For event-related analyses, EEG data were epoched from -200 to 1000 ms relative to the stimulus onset. Baseline correction was performed using a -200 to 0 ms pre-stimulus interval. Trials with high-amplitude artifacts were excluded via automated rejection, defined as peak-to-peak voltages that exceeded 65 μV within any 200 ms sliding window (assessed every 100 ms). Only artifact-free trials were retained for the ERP analysis.
Supplementary Materials [2.3]: Full Time-Frequency Analysis Parameters
Time-frequency analysis was conducted to examine the oscillatory neural activity associated with SOD processing. To minimize edge artifacts, single-trial EEG data were re-segmented into epochs that ranged from -1000 to 1500 ms relative to stimulus onset. Time-frequency representations were computed via a complex Morlet wavelet convolution (Cohen, 2014), implemented in MATLAB R2022b (MathWorks Inc., Natick, MA, USA). Each single-trial time series was transformed into the frequency domain via a fast Fourier transform (FFT), multiplied by the FFT of the Morlet wavelets, and inversely transformed to obtain power estimates.
A total of 30 frequencies (1-30 Hz) were logarithmically spaced. For each frequency, wavelets were constructed via the following formula:

where, f denotes the wavelet frequency, t is time, and s represents the Gaussian width, defined as s = n/(2πf), where n is the number of wavelet cycles. The number of cycles was increased logarithmically from 3 to 14 across frequencies to balance the temporal and spectral resolutions. Power was averaged separately for each experimental condition and participant and trimmed to the -500 to 800 ms window to reduce edge artifacts. Z-score normalization was applied via the -400 to -200 ms pre-stimulus period as the baseline. For statistical analysis, beta power was averaged within a 400–600 ms, 12–16 Hz time-frequency window. We conducted a 2 (consistency: consistent vs. inconsistent) × 2 (perspective: self vs. other) × 2 (group: high vs. low loneliness) mixed-design ANCOVA on beta-band power, with gender and the DASS-8 scores as covariates in all the models.


Supplementary Material [2.4]: Full 2 × 2 × 2 ANCOVA Results for Experiment 2 Behavioral Data
For RT (see Fig. 3A), the 2 × 2 × 2 ANCOVA revealed a significant main effect of consistency, F(1, 60) = 5.53, p = .022, ηp2 = .08, with slower responses in inconsistent trials (EMM = 699 ms) than consistent trials (EMM = 655 ms). A significant main effect of perspective was also observed, F(1, 60) = 6.94, p = .011, ηp2 = .10, with slower responses under the self-perspective (EMM = 684 ms) than other-perspective (EMM = 671 ms). The consistency × perspective interaction was significant, F(1, 60) = 13.75, p < .001, ηp2 = .19. Follow-up comparisons replicated the pattern observed in Experiment 1. Participants responded more slowly to inconsistent than consistent trials for both perspectives (self: difference = 23 ms, p < .001; other: difference = 64 ms, p < .001). In consistent trials, responses were slower from the self-perspective than other-perspective (difference = 34 ms, p < .001). In inconsistent trials, this pattern was reversed (difference = -7 ms ); however, the difference did not achieve significance (p = .228). No other main effects or interactions were significant in the 2 × 2 × 2 ANCOVA (ps > .10) 
For percentage errors, the 2 × 2 × 2 ANCOVA revealed a significant main effect of consistency, F(1, 60) = 54.07, p < .001, ηp2 = .47. Participants made more errors in the inconsistent trials (EMM = 9.89%) compared with consistent trials (EMM = 4.10%). No other effects reached significance in this analysis (ps > .10).


	Supplementary Table 3: ANCOVAs of Behavioral Data in Experiment 2

	
	
	df
	F
	p
	ηp2

	RT
	Consistency
	1
	5.530
	0.022
	0.084

	
	Perspective
	1
	6.935
	0.011
	0.104

	
	Group
	1
	0.0002
	0.988
	0.000

	
	Consistency*Perspective
	1
	13.746
	<.001
	0.186

	
	Consistency*Group
	1
	2.803
	0.099
	0.045

	
	Perspective*Group
	1
	0.262
	0.611
	0.004

	
	Consistency*Perspective*Group
	1
	3.412
	0.070
	0.054

	
	Residuals
	60
	
	
	

	
	
	
	
	
	

	Percentage errors
	Consistency
	1
	54.069
	<.001
	0.474

	
	Perspective
	1
	1.729
	0.194
	0.028

	
	Group
	1
	0.139
	0.710
	0.002

	
	Consistency*Perspective
	1
	1.679
	0.200
	0.027

	
	Consistency*Group
	1
	0.545
	0.463
	0.009

	
	Perspective*Group
	1
	1.889
	0.174
	0.031

	
	Consistency*Perspective*Group
	1
	2.142
	0.149
	0.034

	
	Residuals
	60
	
	
	





	Supplementary Table 4: Follow-up Analyses of Behavioral Data in Experiment 2

	
	Comparisons
	Mean dif
	t
	p
	Cohen’s d

	RT (Consistency*Perspective)
	Self-Consistent vs.
Self-Inconsistent
	-23.351
	-4.416
	<.001
	0.206

	
	Other-Consistent vs.
Other-Inconsistent
	-64.038
	-9.636
	<.001
	0.566

	
	Self-Consistent vs.
Other-Consistent
	33.536
	6.487
	<.001
	0.297

	
	Self-Inconsistent vs.
Other-Inconsistent
	-7.151
	-1.217
	0.228
	0.063


Note. “Mean dif ”=mean difference.



Supplementary Material [2.5]: Full 2 × 2 × 2 ANCOVA Results for Experiment 2 EEG Data
	Supplementary Table 5: ANCOVAs of EEG Data in Experiment 2

	
	
	df
	F
	p
	ηp2

	P3 amplitude
	Consistency
	1
	20.235
	<.001
	0.252

	
	Perspective
	1
	11.707
	0.001
	0.163

	
	Group
	1
	6.292
	0.015
	0.095

	
	Consistency*Perspective
	1
	9.094
	0.004
	0.132

	
	Consistency*Group
	1
	0.168
	0.683
	0.003

	
	Perspective*Group
	1
	0.068
	0.795
	0.001

	
	Consistency*Perspective*Group
	1
	0.694
	0.408
	0.011

	
	Residuals
	60
	
	
	

	
	
	
	
	
	

	LFSW amplitude
	Consistency
	1
	17.318
	<.001
	0.224

	
	Perspective
	1
	4.930
	0.030
	0.076

	
	Group
	1
	5.625
	0.021
	0.086

	
	Consistency*Perspective
	1
	0.796
	0.376
	0.013

	
	Consistency*Group
	1
	0.365
	0.548
	0.006

	
	Perspective*Group
	1
	1.371
	0.246
	0.022

	
	Consistency*Perspective*Group
	1
	2.327
	0.132
	0.037

	
	Residuals
	60
	
	
	

	
	
	
	
	
	

	Beta power
	Consistency
	1
	0.554
	0.460
	0.009

	
	Perspective
	1
	6.139
	0.016
	0.093

	
	Group
	1
	4.033
	0.049
	0.063

	
	Consistency*Perspective
	1
	0.345
	0.559
	0.006

	
	Consistency*Group
	1
	0.300
	0.586
	0.005

	
	Perspective*Group
	1
	9.501
	0.003
	0.137

	
	Consistency*Perspective*Group
	1
	0.030
	0.864
	0.0005

	
	Residuals
	60
	
	
	














	Supplementary Table 6: Follow-up Analyses of EEG Data in Experiment 2

	
	Comparisons
	Mean dif
	t
	p
	Cohen’s d

	P3 amplitude (Consistency*Perspective)
	Self-Consistent vs.
Self-Inconsistent
	0.368
	4.086
	<.001
	0.247

	
	Other-Consistent vs.
Other-Inconsistent
	1.083
	9.779
	<.001
	0.726

	
	Self-Consistent vs.
Other-Consistent
	0.019
	0.234
	0.816
	0.012

	
	Self-Inconsistent vs.
Other-Inconsistent
	0.733
	7.479
	<.001
	0.491

	
	
	
	
	
	

	Beta power (Perspective*Group)
	LL-Self vs.
HL-Self
	0.102
	2.549
	0.054
	0.689

	
	LL-Other vs.
HL-Other
	0.058
	1.416
	0.486
	0.391

	
	LL-Self vs.
LL-Other
	-0.006
	-0.570
	0.571
	0.038

	
	HL-Self vs.
HL-Other
	-0.050
	-5.016
	<.001
	0.336


Note. “HL”=high loneliness; “LL”=low loneliness; “Mean dif ”=mean difference.
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