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Abstract: This study examines the associations between social participation and EEG microstate
dynamics in 90 older adults. Participants reported involvement in four types of social activities (card
games and chess, group fitness dancing, community-organized group activities, and volunteer
activities) and completed five-minute resting-state EEG recordings. Microstate features—including
duration, occurrence, coverage, and transition probabilities—were extracted and analyzed using
multivariate general linear models while controlling for age, gender, and education. Results showed
that group fitness dancing was significantly associated with longer duration and greater coverage of
microstate B. Participation in community-organized group activities was linked to higher occurrence
of microstate C, increased coverage of microstate B, and greater transition probabilities from
microstates A and B to D. These findings suggest that socially and physically interactive activities
may be associated with large-scale brain dynamics in late life, highlighting the potential value of
promoting community-based activities to support brain health in older adults.

1. Introduction

Social participation is an organized process in which individuals consciously and voluntarily
engage in collective activities, integrating into group contexts to achieve shared goals [1]. Research
has demonstrated that developing and maintaining social participation is an important need across all
age groups [2]. For older adults, social participation is widely regarded as a crucial component of
aging, with both individual and environmental antecedents and consequences that significantly
influence overall well-being [3]. It is one of the most critical elements of healthy aging, closely linked
to disease outcomes, mortality, and quality of life [1, 4], and is considered a core component of
successful aging [5].

Although existing research has established the behavioral and psychological benefits of social
participation, its neurophysiological correlates remain underexplored. Most studies have focused on
self-reported or behavioral measures [6, 7], with limited attention to the brain activity patterns
associated with social engagement. For example, little is known about how culturally embedded
group activities such as square dancing—a common and socially meaningful form of collective fitness
among Chinese older adults—may influence brain function. Investigating the neural features linked
to different types of social activities may provide a complementary perspective for understanding
how social participation is reflected in brain dynamics.

EEG microstates are brief, quasi-stable topographical configurations of brain activity that typically
last 60-120 milliseconds [8]. They are thought to represent the activation of large-scale neural
networks and are often interpreted as the building blocks of spontaneous brain activity [9]. Prior
studies have identified four canonical microstates (A-D) (Figure 1), each associated with distinct
cognitive and perceptual processes. Microstate B has been linked to better language abilities, while
microstate D has been associated with attentional processes and greater engagement with the external
environment [10]. Recent studies have also begun to explore associations between these four
canonical microstates and psychosocial characteristics. For instance, a meta-analysis of 787
participants across age groups found that increased occurrence of microstate A was linked to higher
anxiety levels [11]. An experimental study of 55 healthy males reported that increased microstate A
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was significantly associated with stronger prosocial tendencies and greater empathy [12]. Microstate
C appears to be related to comfort and post-social relaxation [10], and has also been associated with
increased prosocial behavior [13, 14].

Figure 1 Topographic maps of the four canonical EEG microstates, adapted from Koenig et al [15].

Why EEG microstates matter for social participation. Rich social participation can reduce
loneliness and negative affect in older adults [16, 17], both of which are closely coupled with resting-
state brain dynamics [18, 19]. Social engagement also requires the rapid integration of attentional
orienting, visuospatial/coordination demands, language exchange, and socio-emotional regulation
during interpersonal interactions [20, 21]. EEG microstates are millisecond-scale, quasi-stable
topographies that capture moment-to-moment configurations of large-scale brain networks [8, 9].
Consistent with prior work, canonical microstates have been related to these processes—e.g., B to
language/visuospatial functions, D to attentional orienting and external engagement, and A/C to
psychosocial-affective characteristics such as anxiety, prosociality, and post-social relaxation [10-
14, 28]. Accordingly, microstate features (duration, occurrence, coverage, and transition probabilities)
offer sensitive, network-level indicators by which social participation may be reflected in resting-
state brain dynamics in late life. Guided by this rationale, we examine whether common community
activities among older adults are associated with distinct microstate profiles.

As mentioned above, most existing studies have focused on cognitive and psychosocial features
of EEG microstate dynamics in clinical or younger populations, while their relevance to social
participation in older adults remains underexplored. This study examines how different dimensions
of social participation relate to EEG microstate parameters among Chinese older adults. The aim is
to deepen understanding of the neural correlates of social engagement and to inform the design of
community-organized group activities that promote healthy aging.

2. Methods
2.1. Participants

Ninety older adults were recruited from two communities in Beijing, China. Inclusion criteria were:
(1) aged 60 or older; and (2) residing in the community for at least one year. Exclusion criteria
included: (1) diagnosed mental illness, cognitive impairment, or severe emotional problems; and (2)
diagnosed visual, auditory, or speech impairments that would interfere with normal communication.

2.2. Social participation

Social participation was assessed using four standard questions [22, 23]: (1) Do you usually
participate in card games or chess activities? (2) Do you usually take part in group fitness dancing
(e.g., square dancing)? (3) Do you usually engage in community-organized group activities (e.g.,
movie watching or social gatherings in the community center)? (4) Do you usually participate in
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volunteer activities (e.g., anti-fraud awareness campaigns, waste sorting)? Participants’ responses
were coded as binary variables, with “Yes” scored as 1 and “No” scored as 0.

2.3. EEG data acquisition and preprocessing

EEG data were collected using the Yingzhi Quick-20r portable EEG recorder in a quiet room
provided by the local community committee. A trained experimenter assisted each participant in
fitting the EEG cap, with dry electrodes placed according to the international 10-20 system. The
sampling rate was set at 500 Hz, and electrode impedance was kept below 2 kQ. Participants were
instructed to sit still in a relaxed state with their eyes closed and to avoid active thinking. For each
participant, five minutes of resting-state EEG data were recorded from 19 channels.

EEG data preprocessing was performed using the EEGLAB toolbox (Version 24.0) in MATLAB
2021a. Steps included removing the reference and ground electrodes, then re-referencing to the
average of all electrodes. Based on prior resting-state EEG studies, the band-pass filter was set to 0.1
100 Hz [24, 25]. Unusable electrodes and segments were manually removed. Independent Component
Analysis (ICA) was then applied to remove artifacts such as electrooculographic (EOG),
electrocardiographic (ECG), electromyographic (EMG), and environmental electrical noise.

2.4. Microstate analysis

EEG data were first band-pass filtered between 2—-20 Hz and re-referenced to the average of all
electrodes. Electrodes with amplitudes exceeding #100 uV and recordings with less than 15 seconds
of valid data were excluded. Microstate analysis was conducted using the Microstate Analysis
Toolbox following standard procedures. First, global field power (GFP) was computed, and
microstate topographies were extracted at GFP peaks to ensure an optimal signal-to-noise ratio. A
modified K-means clustering algorithm was applied, disregarding polarity, with the number of
microstate templates set from 3 to 8. Each clustering solution was iterated 1,000 times and repeated
100 times to determine the optimal number of microstate classes. Based on these results, four
microstate prototypes were identified. Back-fitting was then performed on all participants’ data using
the original microstate maps. Microstate segments lasting less than 30 milliseconds were removed to
smooth the results, and microstate features were computed for each participant.

Based on previous studies, four microstate feature metrics were extracted and used in this study:
duration, occurrence, coverage, and transition probabilities between microstates [26, 27].

2.5. Statistical analysis

All statistical analyses were performed using SPSS version 29.0. Continuous variables with normal
distributions were presented as Mean (SD), and categorical variables as N (%). Associations between
variables were examined using multivariate general linear model (Multivariate GLM) analysis.

3. Results

Among the 90 participants, four EEG microstates were identified and labeled as A through D. The
topographic polarity distributions of these microstates were: right anterior—left posterior, left
anterior—right posterior, anterior—posterior along the midline, and central-parietal with a posterior
focus, respectively (see Figure 2). These spatial patterns are consistent with classifications reported
in previous studies.

Figure 2 Topographic maps of the four EEG microstates (A-D).
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The demographic characteristics of the participants are summarized in Table 1.

After controlling for age, gender, and years of education, results from the multivariate general
linear model (GLM) indicated a significant association between participation in fitness dancing and
the duration of microstate B (Table 2). This association remained statistically significant after
correction for multiple comparisons, suggesting a robust link between fitness dancing and the
prolonged presence of microstate B. The average duration of microstate B for participants (Mean =
74.23) was higher than for non-participants (Mean = 72.57), indicating that engaging in fitness
dancing may contribute to longer duration of microstate B.

Table 1 Demographic characteristics of participants (N = 90).

Variable Value
Gender, n (%)
Male 37 (41%)
Female 53 (59%)
Age, M =SD 67.14 £5.39

Years of Education, M £SD  6.96 £2.92
Card Games and Chess, n (%)

Yes 14 (16%)

No 74 (84%)
Fitness Dancing, n (%)

Yes 16 (18%)

No 76 (82%)
Group Activities, n (%)

Yes 35 (39%)

No 55 (61%)

Volunteer Activities, n (%)

Yes 23 (26%)

No 67 (74%)

Table 2 Associations between social participation and EEG microstate durations (A-D).
Social Participation Variable Microstate Indicator F P Partial =2
Card games and chess Duration A 0.161 0.690 0.002

Duration B 2.730 0.103  0.035

Duration C 0.634 0.428 0.008

Duration D 3.516 0.065 0.045

Group fitness dancing Duration A 0.424 0.517  0.006
Duration B 6.087 0.016 0.075

Duration C 0.661 0.419 0.009

Duration D 0.728 0.396 0.010

Group activities Duration A 0.024 0.877 0.000
Duration B 2.180 0.144 0.028

Duration C 0.299 0.586 0.004

Duration D 0.698 0.406  0.009

Volunteer activities Duration A 0.145 0.704  0.002
Duration B 0.009 0.926  0.000

Duration C 0.306 0.582 0.004

Duration D 0.153 0.697  0.002

After controlling for gender, age, and years of education, participation in group activities showed
a significant correlation with the occurrence of microstate C (Table 3). Further analysis revealed that
participants had a significantly higher mean occurrence of microstate C compared to non-participants
(e.g., Mean = 3.27 vs. Mean = 3.02), suggesting that having group activities may help enhance brain
functional patterns associated with microstate C.
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Results from the multivariate GLM also indicated significant associations between both fitness
dancing and group activities and the coverage of microstate B. Further analysis showed that
individuals who participated in fitness dancing and group activities had higher mean coverage values
(0.25 and 0.26, respectively) compared to non-participants (0.18 and 0.22), suggesting stronger brain
activity in microstate B (Table 4).

Subsequent analyses examined transition probabilities between microstates in relation to social
participation. For transition probabilities originating from microstate A, participants engaged in group
activities showed significantly higher A—D transition probabilities (Mean = 0.33) compared to non-
participants (Mean = 0.29) (Table 5).

For transition probabilities originating from microstate B, participants engaged in group activities
had higher B—D transition probabilities (Mean = 0.32) compared to non-participants (Mean = 0.29)
(Table 6).

Table 3 Associations between social participation and EEG microstate occurrences (A-D).

Social Participation Variable Microstate Indicator F P Partial 4=
Card games and chess Occurrence A 0.000 0.996 0.000
Occurrence B 0.024 0.877 0.000
Occurrence C 0.777 0.381 0.010
Occurrence D 0.407 0.526  0.005
Group fitness dancing Occurrence A 0.763 0.385 0.010
Occurrence B 1.732 0.192 0.023
Occurrence C 0.416 0.521  0.006
Occurrence D 1.154 0.286 0.015
Group activities Occurrence A 0.785 0.378 0.010
Occurrence B 3.623 0.061 0.046
Occurrence C 5.005 0.028 0.063
Occurrence D 0.006 0.940 0.000
Volunteer activities Occurrence A 0.080 0.778 0.001
Occurrence B 0.773 0.382 0.010
Occurrence C 3.553 0.063 0.045
Occurrence D 0.081 0.776  0.001

Table 4 Associations between social participation and EEG microstate coverage (A-D).

Social Participation Variable Microstate Indicator  F P Partial =2
Card games and chess Coverage A 0.004 0.948 0.0
Coverage B 0.846 0.361 0.011
Coverage C 0.933 0.337 0.012
Coverage D 1563 0.215 0.02
Group fitness dancing Coverage A 0916 0.342 0.012
Coverage B 4166 0.045 0.053
Coverage C 0.628 0.43 0.008
Coverage D 0.836 0.364 0.011
Group activities Coverage A 0.153 0.696 0.002
Coverage B 4219 0.043 0.053
Coverage C 0.311 0.579 0.004
Coverage D 0.737 0.393 0.01
Volunteer activities Coverage A 0.009 0.926 0.0
Coverage B 0.383 0.538 0.005
Coverage C 1584 0.212 0.021
Coverage D 0.099 0.753 0.001
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Table 5 Associations between social participation and transition probabilities originating from
microstate A.

Social Participation Variable Microstate Indicator F P  Partial =2

Card games and chess A—B 0.706 0.403 0.009
A—C 1126 0.292 0.015
A—D 0.146 0.703  0.002
Group fitness dancing A—B 1.608 0.209 0.021
A—C 1.289 0.26 0.017

A—D 0.002 0.963 0.0
Group activities A—B 2.898 0.093 0.037
A—C 0.4 0529 0.005
A—D 4,157 0.045 0.053
Volunteer activities A—B 0.072 0.789  0.001
A—C 0.574 0451 0.008
A—D 0.939 0.336 0.012

Table 6 Associations between social participation and transition probabilities originating from
microstate B.

Social Participation Variable Microstate Indicator  F P Partial 4=

Card games and chess B—A 0.137 0.712  0.002
B—C 0.811 0371 0.011

B—D 0.375 0.542  0.005

Group fitness dancing B—A 0.378 0.541 0.005
B—C 0.721 0.399 0.01

B—D 2.195 0.143 0.028

Group activities B—A 0.408 0.525 0.005
B—C 2.019 0.159 0.026

B—D 4469 0.038 0.056

Volunteer activities B—A 0.043 0.837 0.001
B—C 1915 0.171  0.025

B—D 1.638 0.205 0.021

No significant associations were found between the four types of social participation and transition
probabilities originating from microstates C and D (Ps > 0.05).

4. Conclusion

This study examined the associations between different forms of social participation and EEG
microstates among older adults in China. The results revealed that participation in group fitness
dancing was significantly associated with longer duration and greater coverage of microstate B.
Participation in community-organized group activities was also related to greater coverage of
microstate B, as well as higher occurrence of microstate C and increased transition probabilities from
microstates A and B to D. These findings suggest that certain types of social engagement may be
associated with distinct patterns of resting-state brain activity, potentially reflecting enhanced
functional network dynamics in later life.

EEG microstates are thought to reflect large-scale functional networks, with different classes
linked to distinct cognitive functions as well as psychosocial—affective characteristics. Prior studies
suggest that microstate B is associated with language-related processing, microstate C with prosocial
and relaxation states, and microstate D with attentional orientation toward the external environment
[10, 13, 28]. According to previous studies, an increase in microstate B may reflect enhanced verbal
functions. Compared to card games, chess, and volunteer activities, group fitness dancing and
community-organized group activities typically involve more participants and foster larger-scale
collective interactions, which may require greater verbal coordination and communication. Therefore,
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the observed associations may suggest that engaging in such group activities helps strengthen verbal
abilities among older adults. Therefore, the observed associations may suggest that engaging in such
group activities helps strengthen verbal abilities among older adults, reflecting enhanced verbal and
language-related processing that is particularly relevant for communication functions. The positive
association between group activities and the occurrence of microstate C may indicate increased
prosocial tendencies as well as greater psychological relaxation in social contexts [10, 14, 28], and
therefore may support better social orientation and lower psychological stress in older adults. In
addition, prior research has shown that microstate D is linked to greater external attention, reflecting
higher levels of social orientation [29]. The increased transitions toward microstate D observed
among participants of group activities may further suggest that such activities promote social
engagement among older adults, may further suggest that such activities promote social engagement
among older adults, thereby enhancing attentional control and supporting social well-being.

These findings have important implications for promoting healthy aging through community-
based social engagement. In many communities, especially those with limited access to formal
cognitive training or mental health resources [30, 31], encouraging participation in collective
activities such as group fitness dancing or group social events could serve as a feasible and culturally
appropriate approach to support brain health. The observed associations between social participation
and EEG microstate parameters suggest that these everyday activities may influence functional brain
dynamics even without structured cognitive interventions. Incorporating socially interactive
programs into existing community services may help strengthen older adults’ social inclusion and
neurocognitive resilience.

Several limitations should be noted. First, this study employed a cross-sectional design, which
precludes conclusions about causality between social participation and EEG microstate
characteristics. Longitudinal or experimental studies are needed to clarify the direction of these
associations. Second, social participation was assessed using binary self-report items, which may not
fully capture the frequency, intensity, or subjective experience of engagement. Future research could
benefit from more detailed behavioral measures or ecological momentary assessments. Third, because
the sample was drawn from a relatively homogeneous population, regional and cultural diversity was
not adequately represented. Expanding recruitment across varied geographic locations and
sociocultural backgrounds would enhance the generalizability of the findings.

References

[1] M. Levasseur, L. Richard, L. Gauvin, and E. Raymond, “Inventory and analysis of definitions of
social participation found in the aging literature: Proposed taxonomy of social activities,” Social
Science & Medicine, vol. 71, no. 12, pp. 2141-2149, Dec. 2010.

[2] N. Jerliu et al., “Social networks, social participation and self-perceived health among older
people in transitional Kosovo,” European Journal of Public Health, vol. 24, no. 2, pp. 333-337, Apr.
2014.

[3] M. Dehi Aroogh and F. Mohammadi Shahboulaghi, “Social Participation of Older Adults: A
Concept Analysis,” Int ] Community Based Nurs Midwifery, vol. 8, no. 1, pp. 55-72, Jan. 2020.

[4] A. Bukov, I. Maas, and T. Lampert, “Social Participation in Very Old Age: Cross-Sectional and
Longitudinal Findings From BASE,” The Journals of Gerontology Series B: Psychological Sciences
and Social Sciences, vol. 57, no. 6, pp. P510-P517, Nov. 2002.

[5] R. L. Utz, D. Carr, R. Nesse, and C. B. Wortman, “The Effect of Widowhood on Older Adults’
Social Participation: An Evaluation of Activity, Disengagement, and Continuity Theories,” The
Gerontologist, vol. 42, no. 4, 2002.

[6] C. Gough, L. K. Lewis, C. Barr, A. Maeder, and S. George, “Community participation of
community dwelling older adults: a cross-sectional study,” BMC Public Health, vol. 21, p. 612, Mar.
2021.

163



[7] M. Yilmaz et al., “Social Participation of Older Adults in Rural and Urban Areas: A Cross-
Sectional Survey in Turkey,” Journal of Aging & Social Policy, vol. 37, no. 2, pp. 341-358, Mar.
2025.

[8] D. Lehmann, R. Pascual-Marqui, and C. Michel, “EEG microstates,” Scholarpedia journal, vol.
4, no. 3, p. 7632, 20009.

[9] A. Khanna, A. Pascual-Leone, C. M. Michel, and F. Farzan, “Microstates in resting-state EEG:
Current status and future directions,” Neuroscience & Biobehavioral Reviews, vol. 49, pp. 105-113,
Feb. 2015.

[10] M. 1. Tomescu et al., “Spontaneous thought and microstate activity modulation by social
imitation,” Neurolmage, vol. 249, p. 118878, Apr. 2022.

[11] A. Chivu, S. A. Pascal, A. Damborska, and M. 1. Tomescu, “EEG Microstates in Mood and
Anxiety Disorders: A Meta-analysis,” Brain topography, vol. 37, no. 3, pp. 357-368, 2024.

[12] B. Schiller, T. Kleinert, S. Teige-Mocigemba, K. C. Klauer, and M. Heinrichs, “Temporal
dynamics of resting EEG networks are associated with prosociality,” Scientific reports, vol. 10, no.
1, p. 13066, 2020.

[13] P. Milz, P. L. Faber, D. Lehmann, T. Koenig, K. Kochi, and R. D. Pascual-Marqui, “The
functional significance of EEG microstates—Associations with modalities of thinking,” Neurolmage,
vol. 125, no. Journal Article, pp. 643-656, 2016.

[14] K. Kim, D. N. Thanh, M. Choi, and B. Lee, “EEG microstate features according to performance
on a mental arithmetic task,” Scientific Reports, vol. 11, no. 1, pp. 343, 2021.

[15] T. Koenig et al., “Millisecond by Millisecond, Year by Year: Normative EEG Microstates and
Developmental Stages,” Neurolmage, vol. 16, no. 1, pp. 41-48, May 2002.

[16] H. Burroughs, and R. Wilkie, “Social participation, loneliness and depression. In Mental health
and older people: A guide for primary care practitioners.” Springer, pp. 57-65, 2016.

[17] H. Engelhardt, 1. Buber, V. Skirbekk, and A. Prskawetz, “Social involvement, behavioural risks
and cognitive functioning among older people.” Ageing & Society, vol. 30, no. 5, pp. 779-809, 2010.

[18] J. A. Lam, E. R. Murray, K. E. Yu, M. Ramsey, T. T. Nguyen, J. Mishra, B. Martis, M.
L.Thomas, and E. E. Lee. “Neurobiology of loneliness: a systematic review.”
Neuropsychopharmacology, vol. 46, no. 11, pp. 1873-1887, 2021.

[19] H. Litwin, and K. J. Stoeckel, “Social network, activity participation, and cognition: A complex
relationship.” Research on aging, vol. 38, no. 1, pp. 76-97, 2016.

[20] S. M. Crewther, S. G. Crewther, L. M. Carey, and S. P. Team, “A meta-analysis of changes in
brain activity in clinical depression.” Frontiers in human neuroscience, vol. 8, pp. 1045, 2015.

[21] T. L. Rochelle, “Social participation, loneliness and well-being among older adults in Hong
Kong: A longitudinal examination. Psychology”, Health & Medicine, vol. 28, no. 10, pp. 2927-2937,
2023.

[22] M. Gao et al., “Does social participation reduce the risk of functional disability among older
adults in China? A survival analysis using the 20052011 waves of the CLHLS data,” BMC geriatrics,
vol. 18, no. 1, 2018.

[23] M. Du, W. Dali, J. Liu, and J. Tao, “Less Social Participation Is Associated With a Higher Risk
of Depressive Symptoms Among Chinese Older Adults: A Community-Based Longitudinal
Prospective Cohort Study,” Front. Public Health, vol. 10, Feb. 2022.

[24] G. G. Knyazev, E. A. Merkulova, A. N. Savostyanov, A. V. Bocharov, and A. E. Saprigyn,
“Effect of Cultural Priming on Social Behavior and EEG Correlates of Self-Processing,” Frontiers in
behavioral neuroscience, vol. 12, no. Journal Article, pp. 236, 2018.

164



[25] W. J. M. 1. Verbeke, R. Pozharliev, J. W. Van Strien, F. Belschak, and R. P. Bagozzi, “‘I am
resting but rest less well with you.” The moderating effect of anxious attachment style on alpha power
during EEG resting state in a social context,” Frontiers in human neuroscience, vol. 8, no. JULY, pp.
486, 2014.

[26] A. Liang et al., “Treatment effect of exercise intervention for female college students with
depression: Analysis of electroencephalogram microstates and power spectrum,” Sustainability, vol.
13, no. 12, 2021.

[27]J. 1. Serrano et al.,, “EEG Microstates Change in Response to Increase in Dopaminergic
Stimulation in Typical Parkinson’s Disease Patients,” Frontiers in neuroscience, vol. 12, no. Journal
Article, pp. 714, 2018.

[28] B. A. Seitzman, M. Abell, S. C. Bartley, M. A. Erickson, A. R. Bolbecker, and W. P. Hetrick,
“Cognitive manipulation of brain electric microstates,” Neurolmage, vol. 146, no. Journal Article, pp.
533-543, 2017.

[29] P. Tarailis, D. Simkuté, T. Koenig, and 1. Griskova-Bulanova, “Relationship between
Spatiotemporal Dynamics of the Brain at Rest and Self-Reported Spontaneous Thoughts: An EEG
Microstate Approach,” Journal of personalized medicine, vol. 11, no. 11, p. 1216, 2021.

[30] Y. Yu et al., “Mental Health Help-Seeking Intentions and Preferences of Rural Chinese Adults,”
PloS one, vol. 10, no. 11, pp. e0141889, 2015.

[31] Y. Jin et al., “Prevalence and Socio-Demographic Correlates of Poor Mental Health Among
Older Adults in Agricultural Areas of China,” Frontiers in psychiatry, vol. 11, no. Journal Article, pp.
549148, 2020.

165





