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The COVID-19 pandemic, with millions of Americans compelled to stay home and work remotely, presented an
opportunity to explore the dynamics of social relationships in a predominantly remote world. Using the 1972—
2022 General Social Surveys, we found that the pandemic significantly disrupted the patterns of social gather-
ings with family, friends, and neighbors but only momentarily. Drawing from the nationwide ego-network
surveys of 41,033 Americans from 2020 to 2022, we found that the size and composition of core networks re-
mained stable, although political homophily increased among nonkin relationships compared to previous
surveys between 1985 and 2016. Critically, heightened remote communication during the initial phase of the
pandemic was associated with increased interaction with the same partisans, although political homophily de-
creased during the later phase of the pandemic when in-person contacts increased. These results underscore the
crucial role of social institutions and social gatherings in promoting spontaneous encounters with diverse po-

litical backgrounds.

INTRODUCTION

Crises are generally observed to bring people together, deepen social
ties, and strengthen communities, and it is a function of these pro-
cesses that helps individuals navigate stress, hardship, and uncer-
tainty that follow in the wake of disasters (I, 2). However, the
COVID-19 pandemic was different from other natural disasters,
as emergent norms and state regulations enforced “social distanc-
ing” that hampered face-to-face interactions and social gatherings
necessary for maintaining social ties (3). One of the most profound
shifts brought by the pandemic was the movement from in-person
communication to a world where remote communication became a
lifeline to our social lives. Unlike in-person gatherings across
various interactional foci that foster spontaneous encounters (4),
remote communication requires individuals to curate their social
interactions more deliberately. This paper aims to understand
how this transition to remote communication, with its inherent se-
lectivity, affected personal network dynamics during the COVID-19
pandemic.

Before the COVID-19 era, academic discourses have centered
around the rise of social isolation and the decline of social capital
in America. In the early 21st century, Robert Putnam posited a
decline in social capital due to television and the internet disrupting
traditional community and kinship ties (5). A substantial piece of
evidence comes from the analysis of McPherson et al. (6) of the
General Social Surveys (GSS), showing a substantial decrease in
the size of Americans’ core discussion networks over two decades
from 1985 to 2004. However, subsequent research has suggested
that this evidence may be influenced by methodological artifacts
(7-9). On the other hand, research shows that a sense of social iso-
lation could arise from the politicization of topics considered “im-
portant matters” under heightened political polarization (10)
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through the process of political echo chambers within core relation-
ships (11). During the 2016 US presidential election, Americans dis-
cussed important matters with a small number of confidants who
share similar political views (12) and cut their close relationships
with politically dissimilar others (13). This trend raises concerns,
as traditional offline networks were believed to nurture political dis-
agreement, essential for fostering a democratic society, even amidst
the growth of online echo chambers (14).

The presence of diversity in our relational environment, even in
the face of a notable preference for homophily, is foundational to
the fabric of society (15). Social ties are formed and maintained
on the basis of individual preferences but only when suitable struc-
tural opportunities arise (16). These opportunities are traditionally
constrained by physical boundaries, limiting the full potential to
connect with like-minded individuals who are not in close proxim-
ity, thereby adding the element of randomness into social interac-
tions (17). However, the advent of the internet and remote
communication has shifted this paradigm; Wellman and his col-
leagues (18, 19) argue that the internet and new media facilitate
social interaction beyond physical boundaries, bringing us to a net-
worked society. While some academics have expressed concerns
that new digital technologies may contribute to social isolation
(5), empirical evidence suggests that individuals use both face-to-
face interactions and remote channels to maintain and further
expand their social connections (20). Nonetheless, it is difficult to
evaluate the extent to which network connectivity and homophily
are shaped by physical boundaries and/or remote channels because
they are also shaped by individual preferences. In this regard, the
COVID-19 pandemic presents a unique opportunity to study the
dynamics of social relationships in a predominantly remote
world, given that the pandemic has led to millions of Americans
staying at home and working remotely.

The unprecedented impacts of the COVID-19 pandemic on vir-
tually all aspects of American society serve as a test bed for the re-
silience of core relationships. Using various social metrics spanning
four decades, Claude Fischer demonstrated that the resilience of
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core relationships has remained relatively unchanged since the
1970s, while peripheral relationships were more prone to fluctua-
tions (21). Even when shifts appear to occur within core relation-
ships, it may not be the relationships themselves that are
transforming but rather the ways in which we maintain them that
are evolving. However, it is plausible that the lack of substantial
changes in core relationship patterns may be attributed to the
absence of marked social changes that could influence them.
Against this background, the lockdowns, a ubiquitous response to
the COVID-19 pandemic, have disrupted traditional organizational
foci, reducing face-to-face interactions predicated on these founda-
tions. It is crucial to examine whether the fabric of our social rela-
tionships, in their structure and dynamics, has been resilient
enough to weather the profound transformations ushered in by
the pandemic.

How would social relationships change during the COVID-19
pandemic that disrupted interactional foci such as in workplaces,
voluntary organizations, and neighborhoods? Social distancing
pressure and fear of infections likely reduced opportunities for
physical contact and social gathering, which may have led to the
thwarting of weak ties that could otherwise be enabled through ser-
endipitous face-to-face interactions and participation in communi-
ty activities (5, 6, 22). However, it does not necessarily imply that
core networks would become smaller. With individuals increasingly
using digital communication for social interaction (23), they may be
able to maintain their contacts and even form new relationships
through these channels, which were increasingly available during
COVID-19, leading to an increase in network size (24).

The decreases in the opportunity for spontaneous encounters,
along with the widespread adoption of remote communications,
might have strengthened the role of individual preferences in
network dynamics, thereby replacing difficult relationships with
easier ones. According to the theory of tie activation, when deciding
with whom to discuss their important matters, individuals may de-
liberately mobilize social ties that they prefer or spontaneously use
those that are readily available at the moment (25-27). The use of
remote channels, in this regard, may enhance the role of the delib-
erative process, leading to an increased level of political homophily
within core relationships. Simultaneously, the disruption of interac-
tional foci would have decreased exposure to nonkin weak ties that
are likely more politically heterophilous, thereby reducing the role
of the spontaneous process in promoting political diversity. This
trend is more likely to occur during the pandemic as institutional
constraints have been disrupted, potentially affording individuals
greater leeway to sidestep challenging and onerous interactions
with nonrelatives, in contrast to the unavoidable engagements
with kins dictated by familial duties (28).

To examine the multifaceted influence of COVID-19 on the pat-
terns of social relationships, we relied on two main data sources.
First, we conducted three nationwide ego-centric network surveys
(i.e., COVID-19 network study): the first one from April 2020 to
April 2021; the second one in November 2021, the COVID-19
Delta era; and the third one in May 2022, the COVID-19
Omicron era. The unique strength of our survey lies in the use of
the important matters name generator that identifies close confi-
dants with whom people discuss important matters, which had
been widely used to characterize core discussion networks in
eight national surveys from 1985 to 2016. These networks are
known to include not only close families and friends but also
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those who are knowledgeable about important matters and those
available when they arise (26), representing an important interper-
sonal environment for the exchange of information, influence, and
social support (6, 29). Second, we use the repeated cross section GSS
spanning from 1972 to 2022. This dataset enabled us to compare the
trends of social gatherings with families, friends, neighbors, and
others at the bar before COVID-19 era in a consistent manner
(see Materials and Methods for details).

Exploring the changes in social relationship patterns during the
pandemic presents us with a number of challenges to overcome.
First, it is crucial to discern whether the observed changes in
social relationships during the pandemic are a result of preexisting
trends or unique to the pandemic itself. To estimate the expected
trends, we use a multilevel meta-analysis that uses data from all
available national ego-centric network surveys conducted before
the pandemic. On the basis of the results, we establish a benchmark
for comparison: either the identified trends, if any, or the overall
mean in their absence. We apply the same approach to create a
benchmark for patterns of social gathering using all prepandemic
data points in the GSS from 1972 to 2018. In both analyses, we in-
corporate data from the later stages of the pandemic, which help us
assess the pandemic’s lasting impact and determine whether pat-
terns eventually revert to prepandemic levels or persist. Second,
we address potential issues of comparing results from the previous
nationally representative probability samples used in prior studies
with the nonprobabilistic nature of our COVID-19 network study.
Specifically, we filtered out poor-quality responses and conducted a
raking procedure to create post-stratification weights. The resulting
sample weights allowed us to estimate weekly vaccination rates and
race-specific COVID-19 infection rates, closely tracking those from
the US Centers for Disease Control and Prevention (CDC; figs. S2
and S3) from April 2020 to March 2021. Last, we addressed the con-
textual sensitivity of the important matters name generator (i.e.,
social contexts may shape what people consider to be “important”
which in turn influences whom they talk to) by using multiple name
generators (important, health, and political matters) (29-31). For a
direct comparison with prior ego-centric network data, we primar-
ily present results from the important matters name generator, al-
though our main results are consistent with those derived from the
multiple name generators.

Even with these rigorous approaches, it is crucial to recognize
that the patterns identified in our COVID-19 network study
should be interpreted with caution. First, it is a well-acknowledged
fact that the reported characteristics of a network are influenced by
factors such as the mode of survey, survey designs, and the question
wordings used in network name generators (29, 32). Although con-
cerns could be partially mitigated by using wider prediction inter-
vals estimated from our benchmark data that include a diverse range
of prepandemic datasets, it is important to note that our COVID-19
network data were collected through opt-in, nonprobability panels
conducted exclusively online. Second, while we have applied statis-
tical methods to estimate linear trends as benchmarks, existing lit-
erature indicates that network patterns, particularly political
homophily, can fluctuate in different contexts, influenced by polit-
ical events occurring at various times within the same year, such as
elections (10, 11, 13, 14). However, considering nonlinear trends
might lead to overfitting due to the data limitation, and the bench-
marks incorporating data collected at various moments would
result in larger confidence intervals in case the assumption of a
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linear trend is not valid. These challenges, nonetheless, do not
detract from the critical need for our study, as it illuminates the pro-
found ways in which the pandemic has reshaped network dynamics
in America.

RESULTS

Social gathering during the COVID-19

The COVID-19 pandemic seemed to change how Americans inter-
act with one another, but it remains unclear which types of social
interactions changed and for how long. Figure 1 shows trends of
social gatherings in the United States from 1972 to 2022 by tracking
the percentage of Americans who spent social evenings more often
than once a month with relatives, friends, neighbors, and others at
the bar from the GSS data. Here, we find a general upward trend in
spending social evenings with relatives, no change in social gather-
ings with friends, and a downward trend for social gatherings with
neighbors or others at the bar. Unexpectedly, during the pandemic,
all these trends were reversed: A substantively smaller proportion of
people spent social evenings at least once a month with their rela-
tives (19% decrease), friends (26% decrease), and neighbors (32%
decrease) in 2021 compared to 2018. However, the social gathering
patterns swiftly returned to the prepandemic level in 2022, which
suggests that the pandemic may have shifted the patterns of social
gatherings only momentarily. Social gatherings with relatives in
2022 still appeared to be slightly below the trend line, unlike
those with friends and neighbors. It would be partly because
people might have been still cautious when getting together with
their older family members who are more likely to be vulnerable
to the COVID-19 infection. We obtain similar results if we trans-
form the response category into approximate daily units (i.e.,
almost daily = 7 x 52, several times a week = 3.5 x 52, several
times a month = 1x 52, once a month = 1 x 12, several times a
year = 4, once a year = 1, and never = 0) or use other categories.
Our findings on the temporary reductions and then immediate re-
covery of the social gathering patterns are generally consistent with
mobility patterns recovering from the pandemic influence (33).
From these patterns alone, however, it is hard to confirm whether

it indicates that Americans were more socially isolated during the
pandemic because they instead could maintain their social connec-
tions remotely.

Network size and social isolation during COVID-19

Next, we examine how the overall size of core discussion networks,
in which people confide their important matters, changed over
time. To ensure the validity of our findings and rule out the possi-
bility of trending effects, we establish a benchmark on the size of
core discussion networks from the meta-analysis that uses all avail-
able data from 1985 and 2016. Figure 2 shows that the average
network size of core discussion networks follows the declining
trends from 1985 to 2022 (also see table S1). While there has been
ongoing debate about the validity of the reported decrease in
network size from 1985 to 2004, whether it is a real decline or a
result of methodological artifacts, it is notable that the core
network sizes have never rebounded to match the size in 1985.
Seemingly, Americans have engaged fewer people to discuss their
important matters, but it could reflect changes in what people con-
sider as "important” matters (10).

During the pandemic, Americans discussed important matters
with an average of 1.68 confidants in the early COVID-19 pandemic
from April 2020 to April 2021, which is similar to those later from
both the COVID-19 Delta (mean = 1.63) and COVID-19 Omicron
era (mean = 1.62). While the size of the core discussion network was
smaller during the pandemic than before excluding the notably
small network size (1.38) in 2016, it did not significantly deviate
from the meta-analysis benchmark trends, which makes it hard to
conclude that it is the pandemic that caused core discussion net-
works to decrease. Despite debates surrounding the 2004 GSS as a
potential outlier and concerns over the web-based survey designs of
the 2010 and 2016 TESS, especially given the alarmingly increased
level of social isolation in the latter, supplementary analyses includ-
ing or excluding these datasets consistently showed the robustness
of our findings (fig. S4). We have also noticed a similar pattern for
isolation in core discussion networks; 13.3, 15.6, and 15.7% of
people reported having no one to discuss important matters with

Respondents who spent social evenings more often than once a month with ...

Relatives Friends

Neighbors Bar

1980 1990 2000 20102020 1980 1990 2000 2010 2020 1980 1990 2000 2010 2020 1980 1990 2000 2010 2020

Source: General Social Surveys 1972-2022

Fig. 1. Trends in informal social gatherings from 1972 to 2022 in the United States. Each dot represents the percentage of people who spent a social evening at least
once a month with relatives, friends who live outside the neighborhood, or someone who lives in your neighborhood or go to a bar or tavern with 95% confidence
intervals. Survey weights are adjusted across the whole analysis. The 95% confidence intervals generated by meta-analysis are used as a benchmark to identify whether
estimates on social gathering patterns during the COVID-19 pandemic significantly deviate from the general tendency.
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Fig. 2. The average size of core discussion networks from 1985 to 2022.
Network sizes are capped at five for effective comparison across different
surveys (i.e., the maximum network size in the 1992 CNES data was five). Weighted
means for network size with 95% confidence intervals are presented. The 95%
confidence intervals for average network size in 2020 are very narrow because
of the large sample size. The gray box shows the benchmark network size and
95% confidence intervals from the meta-analysis. See table S1 for the distribution
of network sizes and their weighted means at various caps in the COVID-19 study
and other studies.

across three phases of the pandemic, respectively, which again do
not significantly differ from the meta-analysis benchmark (fig. S6).

While the number of Americans reporting isolation is small, it
will be a greater concern if most social isolation arises because of
relational isolation (“they have no person to talk to”) rather than a
lack of interest (“they have no important issues to discuss”). For
example, one may wonder that as COVID-19 and the 2020 US pres-
idential election brought up many important health and political
issues, it is unlikely that people would report that they have no im-
portant issues to discuss. Nevertheless, we found that about half of
isolated cases reported a lack of interest (i.e., 47.9, 41, and 45.7%
across three phases, respectively), and about another half of report-
ed relational isolation (45.7, 48.2, and 43.3% across three phases, re-
spectively). The level of relational isolation during COVID-19 is
roughly similar to previous reports [e.g., 43.4% reported by Lee
and Bearman (12), 36% by Brashears (34), and 44% by Bearman
and Parigi (30)]. These results together suggest that Americans
were not more socially isolated during the COVID-19 pandemic
than the expected trend.

The nature of relationships during COVID-19

During the COVID-19 pandemic, it is possible that Americans
could turn to different confidants to discuss important issues
while the size of their core networks stayed the same. They could
have activated kin ties that they trust, generally stronger than
nonkin ties, to cope with the uncertainty and the risk of disease
transmission (22). To explore this possibility, we compared the re-
lationship composition in core networks during COVID-19 against
those from eight ego-centric network surveys from 1985 to 2016.
Figure 3 shows the patterns of relationship compositions in core dis-
cussion networks over the past four decades (also see table S2). In
general, kin ties comprised approximately two-thirds of the core
discussion networks, while nonkin ties accounted for the remaining
third. Again, the composition of activated relationships in core dis-
cussion networks remained consistent over the past four decades,
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except for small downward trends in the composition of neighbor
and co-worker ties.

During the initial phase of the pandemic, Americans mainly ac-
tivated strong ties, such as a spouse (25.6%), parents (12.8%), chil-
dren (11.7%), siblings (9.9%), and other family members (7.4%),
rather than weak ties like friendship (23.2%), neighbors (1.6%),
and coworkers (3.8%). These patterns were consistent in the later
phases of the pandemic. Our survey estimates mostly align with
the range of estimates from the meta-analysis, indicating that the
COVID-19 pandemic did not substantially disturb the entrenched
patterns of relationship composition in core discussion networks,
barring two exceptions. Americans were slightly more likely to
confide with their children or neighbors compared to the estab-
lished trends, yet these deviations were minor and lost significance
in the later stages of the COVID-19 pandemic.

Network homophily during COVID-19

The stability and resilience regarding the size and composition of
Americans’ core networks during the pandemic do not necessarily
imply that their makeup has remained unchanged. The replacement
of network ties may induce changes in network homophily due to
the network churning process (35). As discussed, the proliferation
of remote channels may allow individuals to activate ties with
nonkins with similar political leanings and the disruption of inter-
actional foci may decrease exposure to nonkin ties who are more
politically heterogeneous. Here, we examine the level of homophily
in these networks by measuring the extent to which our close con-
fidants resemble us. Figure 4 displays the levels of absolute homo-
phily with 95% confidence intervals across five different
characteristics from 1985 to 2022. Before 2020, Americans’ core net-
works were characterized by increasing trends in educational ho-
mophily and decreasing trends in racial homophily across both
kinship ties and nonkin ties. While there was no evident decreasing
nor increasing trends in political homophily in the pre~COVID-19
era, political homophily notably escalated during the pandemic, es-
pecially among nonkin ties. For example, in 1987, about 52% of con-
fidants shared the same partisanship as respondents, which
increased to 68% in 2020. However, the surge in political homophily
appeared to lessen in the later phases of the COVID-19 pandemic.

Nevertheless, it is important to consider that these changes in
absolute homophily might potentially reflect the changes in demo-
graphic compositions and ideological distributions in the US or the
changes in the distribution of network sizes (36). To address these
issues, we identify choice homophily by using random mixing
models (see Materials and Methods). Figure 5 shows the patterns
of choice homophily across socio-demographic characteristics and
partisanship, in which the dotted line at one represents the default
result expected from random mixing, whereas values higher than
one denote significant homophily. These analyses reaffirm the
general principle of network homophily, “similarity breeds connec-
tion” (37), with the exception of sex.

One interesting observation from the meta-analysis is that racial
choice homophily has increased especially among kin ties. Our ad-
ditional analysis of racial choice homophily by different racial
groups (see fig. S7) reveals that this increase was larger among
whites than among other racial groups (panel C). Specifically,
from 2008 to 2016, we observed a substantial increase in racial
choice homophily among whites alongside an increase in the pro-
portion of “other racial groups” in the United States (panel A). This
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Fig. 3. The relationship compositions in core discussion networks from 1985 to 2022. Weighted means for relationship composition with 95% confidence intervals
are presented. The "Other” category is omitted here (see table S2). To account for the fact that multiple responses are allowed for the GSS and CNES studies, we run 1000
random selections of relationship categories and take the average across 1000 runs in 1985, 1992, 2004, 2008, and 2010. Specifically, we use kin-based random selection:
First, randomly select one relationship category among kin, and then, select one relationship category among other categories, based on the assumption that people
would prioritize kin ties over nonkin ties. The gray box shows the mean network size and 95% confidence intervals from a meta-analysis of the network size estimates
from 1985 to 2016. Note that the 2016 TESS data only asked about an alter with whom respondents had the last conversation, and second, the 1992 CNES data did only

ask whether alters are their spouse or other family without detailed categories.

result is broadly consistent with existing work showing that whites
seek to reinforce a white/non-white divide following the growth in
the Hispanic population (38), although it is surprising to observe a
similar pattern in actual social relationships rather than hypotheti-
cal and stereotyped racial groups.

The most notable change during the COVID-19 pandemic is a
sharp rise in political choice homophily, especially among nonkin
ties. The general pattern, lower levels of political choice homophily
among nonkin ties than among kin ties, was reversed during the
pandemic such that political choice homophily was similar
between nonkin and kin ties. By decomposing political choice ho-
mophily across different partisan groups (see fig. S8), we find that
choice homophily among Republicans and Democrats is larger than
those among Independents and nonvoters, although the level of po-
litical choice homophily has increased to a similar extent across all
four groups across both kin and nonkin ties since 2016. Notably, the
COVID-19 pandemic has led to a particularly notable rise in polit-
ical choice homophily among nonkin ties. This is concerning
because nonkin ties, such as those with co-workers and friends, typ-
ically facilitate opportunities for cross-ideological interactions and
political deliberation (14, 39). Last, following the initial phases of
the pandemic, there was a decline in political choice homophily
in subsequent periods. This trend implies that certain factors

Lee et al., Sci. Adv. 9, eadi1540 (2023) 20 December 2023

unique to the pandemic might be driving the emergence of political
echo chambers within personal networks, although these effects
may be temporary.

Our findings so far demonstrate that Americans were more likely
to rely on politically similar confidants during the pandemic
without marked changes in network size or relationship composi-
tion. We now shift our attention to the role of remote communica-
tion to explore how Americans’ pandemic responses using remote
channels against social distancing pressure and fear of infections
might influence the observed increase in political homophily
within personal networks.

The role of remote communication channels during the
pandemic

One major social change prompted by the pandemic was the rapid
adoption of remote communication channels, such as Zoom, across
various organizational and institutional contexts. To examine how
people stayed connected with others despite physical distancing, we
asked which communication channels people used in their recent
conversations with each confidant. Figure S9 shows that Americans,
during the initial moments of COVID-19 until April 2021, activated
58.6% of their ties through in-person contacts, followed by phone
(45.3%), text messages (34.7%), video calls (14.5%), social network
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Fig. 4. The level of absolute homophily across kinship types from 1985 to
2022. Absolute homophily is measured by the proportion of alters with the
same category in the ego's core network. Weighted means for absolute homophily
with 95% confidence intervals are presented. The 95% confidence intervals for ab-
solute homophily in 2020 are very narrow because of the large sample size. The
gray box shows the mean absolute homophily and 95% confidence intervals from
meta-analysis on all available absolute homophily estimates before 2020. Red or
blue dots represent when the 95% confidence intervals of absolute homophily
from 2020 to 2022 are larger or smaller, respectively, than those from the 95%
confidence intervals on predicted absolute homophily estimates from meta-
analysis.

services (9.5%), email (8.0%), and other channels (1.9%). This pref-
erence for traditional communication channels over new technolo-
gies is consistent with the earlier results from the 2008 PEW survey
(40). As the threat of COVID-19 diminished because of a combina-
tion of reduced virus severity and widespread vaccinations, the pro-
portion of those who use in-person contact gradually increased
during the later stages of the pandemic (62.3% during the
COVID-19 Delta wave and 64.5% during the COVID-19 Omicron
wave), and the proportion of those who used video or social
network services for core discussions declined. Given that core dis-
cussion networks often comprise family members who reside in the
same residence, it is crucial to assess how much people rely on
within-household or between-household ties throughout the pan-
demic. In our survey, approximately 37.9% of confidants lived in
the same household during the initial pandemic period, which de-
creased gradually in later pandemic periods (36.8% during the
COVID-19 Delta wave and 35.8% during the COVID-19 Omicron
wave). In contrast to the 22.2% documented in the 2008 PEW
survey, our findings suggest that during the pandemic, Americans
were more likely to mobilize in-home ties.

Next, we compare the distribution of network ties across geo-
graphic locations and communication channels between the 2008
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PEW survey and our COVID-19 survey (see table S3). During the
early pandemic, Americans showed two diverging patterns: engag-
ing in in-person contacts with their confidants living in the same
household (32.7%) or using remote communication channels
with their confidants living in a different household (40.1%). The
proportion of remote communication with confidants living in a
different household increased by 18.7 percentage points, whereas
the proportion of in-person communication with confidants in
the same household increased by 9.4 percentage points during the
pandemic compared to 2008. For example, in 2008, 54.7% of Amer-
icans used in-person contact with someone living in a different
household, but during the pandemic, only 23.9% used those con-
tacts. In addition, the increase in in-person contacts in the later
phases of the pandemic mainly arose among different household
relationships. So far, these results show that Americans managed
to maintain close social relationships during the pandemic
through face-to-face interactions with alters living in the same res-
idence or to maintain connections with others who were geograph-
ically distant via remote communication channels.

What could be the implication of the diverging patterns of geo-
graphically proximate face-to-face interactions and geographically
distant remote interactions for political homophily? To address
this question, we estimate logistic regression models at the dyadic
level to examine how the use of remote versus in-person communi-
cation channels is associated with political homophily while con-
trolling for individual socio-demographic characteristics and
alters’ location. The results, shown in Fig. 6 (left), consistently rep-
licate a general pattern wherein homophily is stronger among kin
ties compared to nonkin ties (41). Specifically, the sole use of
remote communication channels or a combination of both
remote and in-person channels, as opposed to the sole use of in-
person channels, was associated with an increase of more than
four percentage points in political homophily among nonkin ties.
This supports the idea that the elevation of political homophily
within nonkin ties during the pandemic was driven by individuals’
unbounded preferences extending beyond the local and physical
boundaries. On the other hand, the use of remote channels was as-
sociated with a decrease in political homophily among kin ties. This
suggests that the activation of kin ties may not be solely driven by
individual preferences. In situations where tie activation is not en-
tirely an individual choice because of family obligations and norms,
remote communication channels can serve as a medium for engag-
ing with other families who may hold differing views, without the
need for in-person gatherings during the pandemic.

The Fig. 6 (right) illustrates the shifts over time in the relation-
ship between communication channels and political homophily
across three phases of the pandemic. In general, there was little var-
iation in the levels of political homophily among both kin and
nonkin ties across various communication channels throughout
all three phases. However, two exceptions were observed within
nonkin ties when people use exclusively in-person or remote chan-
nels. We found that as the threats posed by the COVID-19 pandem-
ic gradually diminished, Americans increasingly confided their
important matters with nonkins who hold differing political
views, either exclusively through in-person contacts or remote
channels. This shift is notable for its substantial effect size, with a
difference of over eight percentage points compared to the early
pandemic phase. This emphasizes the pivotal role of interaction
foci in fostering spontaneous encounters with diverse political
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tion of alters with the same category in ego i's core network and p;* indicates the proportion from simulated ego-networks that fix the degree distribution and population
composition. Given that choice homophily is measured by the ratio of absolute homophily over chance homophily, we can identify homophilous relationships if it is
significantly larger than one (i.e., black dotted line), and heterophilous relationships if it is below one. Weighted means for choice homophily with 95% confidence
intervals are presented. The 95% confidence intervals for choice homophily in 2020 are very narrow because of the large sample size. The gray box shows the mean
choice homophily and 95% confidence intervals from meta-analysis on all available choice homophily estimates before 2020. Red dots represent when the 95% confi-

dence intervals of choice homophily from 2020 to 2022 are larger than that from the 95% confidence intervals from meta-analysis.

views and highlights the constraining nature of remote communi-
cation in reinforcing homogeneous political preferences. In other
words, risks associated with in-person contacts might lead to a tran-
sition to remote channels, but this adaptation appears to have been
accompanied by a tendency to engage more frequently with those
who were politically similar.

Together, these results suggest that the pandemic situations that
amplified social interactions through remote channels might pri-
marily facilitate the process of tie activation driven by homophily
only when tie activation was subject to individual choices, as seen
in the case of nonkin ties. Differently put, the COVID-19 pandemic
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revealed the importance of social institutions that have exposed us
to diverse people whom otherwise we might not have interact-
ed with.

DISCUSSION

The COVID-19 pandemic has presented a social dilemma; social
distancing was necessary to curb the spread of disease, yet social
connections were needed more than ever to collectively overcome
the unprecedented crisis. Despite the strong push against in-
person contacts, we discover that the size and relationship
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composition of core discussion networks did not diminish during
the pandemic. In the face of crisis, individuals adapted the ways they
maintain their relationships, from face-to-face interactions to
remote interactions, demonstrating the resilient nature of core rela-
tionships. While it might not be surprising to some audiences that
our core discussion networks are resilient and stable (21), it is still
remarkable that network stability could be maintained against one
of the most profound social changes regarding social interactions
brought about by the COVID-19 pandemic.

Personal network dynamics literature shows that people activate
and deactivate their social ties following different life events across
individuals' life courses, which is called “network churn” (42, 43).
At the micro level, social relationships must have changed during
the transformative period, but how? Our results indicate that the
COVID-19 pandemic has amplified political divides in core rela-
tionships, exacerbating the trends of rising interpersonal echo
chambers. We show that it is likely driven by the switching mode
of communication; some social ties maintaining political diversity
might be dropped because of the disruption of interactional foci, at
least momentarily. The disruption of interactional foci caused by
the pandemic has likely eliminated natural opportunities for spon-
taneous network activations. These foci are where people naturally
interact with dissimilar others and sometimes discuss important
matters that they may not be able to share with their close family
and friends because of the fear of incompatible expectations (25).
As people find it difficult to discuss important matters, including
COVID-19, with others who may hold opposing views, the use of
remote channels will facilitate the activation of homogeneous ties
with those who are likely to share similar perspectives.

However, the rise of political homophily during the pandemic
cannot be attributed solely to the mechanism of the use of remote
channels and the disruption of foci. First, political homophily in our
personal relationships could arise because of the combination of po-
larizing events and politicization processes. It is essential to recog-
nize that the COVID-19 pandemic emerged not in isolation but
against a backdrop filled with other large-scale polarizing events,
including Black Lives Matter and Capitol Riot. In addition,
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increasingly partisan elections frame important matters as “political
matters,” and such a framing was likely amplified during the 2020
election because the response to the pandemic immediately became
highly politicized and politically divisive (44). Earlier works show
that individuals are more inclined to activate politically similar
ties, reduce family time during holidays such as Thanksgiving,
and even disengage from politically dissimilar friendships in polit-
icized situations such as contested elections (11, 13, 45). In our
future work, we will investigate how polarizing events and politici-
zation of the pandemic responses shape racial and political
homophily.

In the aftermath of natural disasters, social cohesion frequently
emerges as individuals facing similar challenges and concerns could
connect with those who were previously unconnected, and they
would be willing to help one another during community rebuilding
processes (46, 47). However, solidarity-inducing processes generally
occur in tandem with processes that seek to blame others; we all
know that scapegoating almost always wins out (48). Facing external
threats increases trust and cooperation within in-groups but rein-
forces the boundary between “us” and “them," resulting in greater
division between groups (49, 50). The boundary-making process
induced by exposure to common enemies is more pronounced in
more polarized contexts (51). Within this framework, the demarca-
tion of boundaries during a crisis, coupled with the politicization of
pandemic responses, may contribute to Americans’ increased like-
lihood of relying on the same partisan confidants who may have
even more extreme political views (52). In addition, the emerging
pandemic precarity and health inequality associated with race and
partisanship (53, 54) can be useful for explaining this pattern. For
example, millions of Americans who had to face the deaths of
friends or families during the pandemic may have deactivated exist-
ing ties or formed new social ties during the pandemic (55, 56). In
doing so, if certain partisan groups were more severely affected by
the pandemic, then the observed patterns of homophily might be
influenced because of the shrinking size of such groups.

The resilience of Americans’ core networks in the face of esca-
lating psychological distress and loneliness during COVID-19 (57)
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is surprising, given that anxiety, loneliness, and depression are com-
monly linked to social isolation and inadequate social support (58,
59). It also contradicts the notion that Americans were “socially” as
isolated as they were physically (60). Here, the finding that Ameri-
cans could uphold their core relationships through remote channels
during the pandemic may imply that their feelings of loneliness and
isolation may have arisen from shifts in specific types of social in-
teractions, such as the decrease in face-to-face interactions with
neighbors and friends (61) and the decline of social gatherings as
shown in Fig 1. These seemingly peripheral relationships that
were available in core networks play a vital role in social support.
Consequently, the absence of these connections may disrupt the
social fabric, contributing to a unique form of loneliness (22, 58,
61). These results invite future work to examine the implication
of different modes of communication contributing to individuals'
well-being.

During the COVID-19 pandemic, social networks displayed a
mix of adaptability and consistency over time. In the early stages,
there was a noticeable increase in political homophily via remote
channels. This trend continued into the later stages, although polit-
ical homophily through face-to-face interactions dropped when
social lives began returning to “normal.” This sustained shift
raises concerns about the formation of echo chambers through
remote communication. Simultaneously, the over-time decline in
political homophily in face-to-face interactions underscores the im-
portance of various interactional foci that promote political diver-
sity in social connections (4). It is crucial to delve deeper into both
short-term and long-term changes in these shifts in political homo-
phily and the role of various communication channels in shaping
social relationships. In our ongoing analysis, we break down the
weekly trends during the pandemic, showing that the patterns of
remote communication and in-person interactions are strongly cor-
related with the combination of the viral transmission of COVID-19
and public attention to the pandemic. In addition, we plan to run
another nationwide ego-centric network survey to examine the
long-term consequences of rising political homophily when the
COVID-19 pandemic is “officially” over.

The increasing trend of racial choice homophily in American
society is notably concerning, although it is not exclusively tied to
the COVID-19 pandemic. Smith et al. (36) who compared the pat-
terns of homophily between the 1985 and 2004 GSS failed to iden-
tify these patterns given that the rise began after 2004, and their
point-to-point comparison approach is unable to capture the
trend. As the United States becomes more racially diverse, particu-
larly with increases in Hispanic and Asian populations and immi-
grants, the composition of close relationships would become more
racially diverse, leading to a decrease in absolute political homo-
phily. However, the upward trend in racial choice homophily indi-
cates that Americans increasingly prefer being connected with those
who share similar backgrounds and values, a preference possibly
driven by a sense of safety and social support in more homogeneous
environments (62). It is well known that individuals prioritize com-
munity building and solidarity at the expense of minority groups in
the face of external threats (47, 63). The disruption of interactional
foci limiting exposure to weak ties may have led core networks to
become a place where individuals share not only information but
also a sense of co-ethnic identity by drawing a distinction
between us and them. As rising racial choice homophily poses a
serious challenge, especially in its potential to amplify social
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segregation and fragmentation, it is concerning to observe that
these processes unfold within our core relationships.

Our findings on the patterns of ego networks have several impli-
cations for the global network patterns. The stability in network size
and relationship composition suggests that it is unlikely that the
property of our global network structure has changed as well.
Instead, the growing trend of political homophily in ego networks,
facilitated by the use of remote channels, may reflect increased frag-
mentation and division globally in Americans’ social networks. It
suggests that even if solidarity were to increase in the face of the
COVID-19 disaster, it would be likely to occur only within distinct
partisan in-groups. The ongoing trends of political sectarianism
equating one's political positions with their moral quality (64)
may have been exacerbated by increased political homophily
during the pandemic as core relationships are more likely to be em-
bedded in multiple relational contexts where people might be more
willing to attend to dissenting views and learn from other perspec-
tives (14, 65). It is particularly concerning because the creation of
echo chambers and the reinforcement of preexisting biases can
result in the reinforcement of entrenched political and ideological
positions, making it more difficult for individuals to consider alter-
native viewpoints and contributing to further polarization.

Several limitations are worth noting. First, our online nationwide
survey across 50 states and Washington D.C. is not a probability-
based sample. There are reservations among researchers about the
use of large surveys that may not be fully representative, as they can
amplify survey biases (66). To address this issue, we carefully filtered
out poor responses and used statistical techniques to account for
potential sampling biases, which enabled us to closely track the of-
ficial vaccination rates over time and the COVID-19 positivity rates
from the CDC. Although we believe that these benchmark results
enhance the credibility of the estimates of network characteristics
obtained from our surveys, we also acknowledge that no single
data source or benchmark can be entirely without limitations or po-
tential biases. Therefore, even if the patterns from our surveys align
well with these benchmarks, it would not conclusively establish our
survey as “nationally representative.”

Second, our strategy to deal with fraudulent responses may be
more likely to erroneously exclude specific groups, for example, Re-
publicans and racial/ethnic minorities. Although it is crucial for us
to exclude problematic survey responses using established protocols
to improve the quality of our survey, we acknowledge that doing so
could introduce potential bias into our results. Furthermore, using
an online opt-in nonprobability sampling strategy could lead to in-
creased selection bias, as respondents could have self-selected to
participate in the survey for systematic reasons like interest in
COVID-19 and/or aversion to politics. While these potential
sources of bias are less likely to be found in previous studies that
used probability-based sampling methods, it is crucial to note
that even nationally representative surveys like the GSS suffer
from the low response rate (i.e., 17% in 2021) during the pandemic
period.

Third, the absence of panel data on networks restricts our ability
to directly identify network churning processes. Instead, our in-
sights on network churn had to be inferred by comparing observed
networks during the pandemic to earlier estimates. Hence, the
nuances of adding new ties, maintaining existing ones, or dropping
ties might not be captured comprehensively. Specifically, the aspect
of dropped ties, which plays a vital role in understanding network
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churn, is not thoroughly explored in our current analysis. Last,
because all of our network data are based on an ego’s self-reports
on their alter, the increase in political homophily may reflect
changes in perception rather than changes in reality. For example,
it is conceivable that Americans were exposed to more political dis-
agreement in their close social environments than this name gener-
ator would capture (67). Still, the increase in perceived political
homophily would present considerable challenges to American
society given that the perceived (potentially biased) network char-
acteristics strongly shape individual attitudes and behaviors (29).

Despite these limitations, our findings on the structure of inter-
personal networks during the COVID-19 pandemic have multiple
implications. The phenomenon of increasing political homophily
could create echo chambers that stifle democratic deliberation and
lead to polarized discussions while simultaneously eroding social
cohesion and trust. This fragmentation might even extend to
health-related behaviors, with political alignments shaping attitudes
toward infectious diseases, vaccine behaviors, mask-wearing, and
trust in medicine (68). Such a trend may permeate beyond politics,
affecting community engagement, information sharing, and public
policy reception. In addition, remote channels have proven effective
in sustaining social relationships during physical distancing [also
see (69)], although the rising trends of political polarization
through remote channels are concerning. As society increasingly
gravitates toward online interactions, including remote work and
virtual connections, these insights underscore the importance of
fostering diverse interactions to maintain social cohesion. The pan-
demic's insights offer a nuanced perspective on the evolving nature
of social connections in an increasingly virtual world, highlighting
both opportunities and challenges. Our findings underscore the
need for continued research to fully grasp the enduring effects of
the COVID-19 pandemic on the polarization and cohesion of
American society in the years ahead.

MATERIALS AND METHODS

Data collection and quality control

Our COVID-19 network study consists of three nationwide ego-
centric network surveys. The first survey collected approximately
a hundred Americans each day from April 2020 to April 2021
(total N = 36,345); the second survey collected 1776 Americans in
November 2021, and the third one collected 2912 Americans in May
2022, across 2502 counties across 51 states. We recruited survey re-
spondents from the Lucid Marketplace, which is made up of hun-
dreds of suppliers with a diverse set of recruitment and sourcing
methodologies (70). Because not all survey respondents who saw
our survey in the Marketplace would complete it, we distributed
our surveys three times a day (morning, afternoon, and evening)
to ensure that we had the same number of completed responses
every day. Informed consent was obtained from the survey partici-
pants before they took our survey. Figure S10 shows that we were
able to collect about 100 responses per day on average (daily
mean = 101.8, SD = 38.2) in our first survey, although there were
some day-to-day fluctuations in sample sizes. Because we do not
know how many people were invited to participate in this survey,
we are unable to calculate official survey response rates. Before par-
ticipation, all subjects provided informed consent. The study proto-
col received an exemption from review by the Institutional Review
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Board at both New York University—Abu Dhabi and Indiana
University.

Several recent reports have documented notable declines in the
response quality from online panel surveys, such as Amazon MTurk
and Lucid Market place during the COVID-19 pandemic (71, 72).
Furthermore, studies reported that many online panels did not pass
attention checks, which could undermine the validity of survey re-
sponses (73, 74). To address these concerns, we took the following
measures and exclude fraudulent responses based on the recom-
mendation by Kennedy et al. (74). First, we carefully examined
three open-ended text responses in our survey to identify nonsen-
sical responses. These include (i) “name” fields in three network
name generators (i.e., respondents are asked to write down either
nick names, initials, or first names); (ii) fields explaining why re-
spondents did not have someone to discuss important matters, po-
litical matters, or health matters; (iii) an open-ended question about
past and current occupation. The first author initially reviewed all
fields, which were then independently reviewed by two other
authors. Then, any discrepancies were reviewed again by all
coders. As a result, we dropped 5302 responses following this crite-
rion [i.e., 3904, 827, and 2282 respectively for (i), (ii), and (iii)]
Second, we excluded non-US respondents by coding the location
of respondents’ IP addresses following the recent methodological
literature (74). We used two different IP address service locators
(ipdata: https://ipdata.co/ and iphub: https://iphub.info/) to code
the location of the respondents’ IP addresses. We identified 1833
non-US IP addresses and dropped them. Although it would be pos-
sible for some respondents to take our survey through a proxy IP
address using VPN (virtual private network), our examination of
cases using VPNs showed that they had notably poorer knowledge
on COVID-19 (see fig. S11). Third, we used ipdata’s (https://ipdata.
com/) threat intelligence service to detect malicious IPs such as
malware sources, spam sources, botnets, and blocked traffic from
all IP addresses listed in any of 400+ blocklists with 600M bad IPs
listed. We dropped 520 responses using this approach. Last, we ex-
cluded those who completed the entire survey in less than 5 min
because it was nearly impossible to finish this survey within such
a short time (c.f., the median duration is 15 min). We conducted
this review monthly throughout the entire fieldwork period and
dropped 783 responses following this criterion. Figure S12 shows
the joint distribution of different types of fraudulent responses.

The grouped box plots in fig. S11 indicate that those who were
classified as fraudulent respondents have poorer COVID-19 knowl-
edge scores than our final sample. Table S5 shows the demographic
characteristics of these bad responses, compared to our final sample.
The fraudulent respondents were more likely to be male, young,
non-white, Republicans, college graduates or higher education
degree, married, working now or self-employed, and living in
Pacific or Mid and South Atlantic Division and report either the
lowest or the highest family income. Among 56,280 participants
in our first survey, we found that 96.8% of respondents who
clicked the survey link agreed to participate in the survey, and
79.7% of those who agreed to participate completed the survey.
Overall, these patterns are similar across three surveys, except that
there was a decline of the fraudulent responses in the third phase.
Figure S13 describes the trends of survey participation status (those
who did not agree to participate, dropped out, appeared to be fraud-
ulent respondents, and the final analytic sample) over time. Using a
correlational analysis of daily new COVID-19 case rates, we found
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that as COVID-19 cases rose nationally, individuals were less likely
to decline participation (r = —0.14, P < 0.01). However, this effect on
sample selection is offset by a rise in dropout rates (r = 0.14, P <
0.01), In conjunction with no discernible temporal patterns in the
percentage of fraudulent respondents (r = —0.06, P = 0.19), we
found that the proportion of those included in the final analytic
sample was not related to the COVID-19 transmission dynamics.

Network name generators

The ego-centric network survey consists of name generators that
prompt respondents (“egos”) to think about their confidants
(“alters”), and name interpreters to identify the characteristics of re-
lationships and alters (29). We revised the GSS's classic instrument,
the important matters name generator, to map core discussion net-
works (see appendix B in the Supplementary Materials for details).
Critically, what people consider to be “important” shapes whom
they talk to and thus invokes different kinds of confidants (30,
34). Before conducting our survey, we carried out a pretest, which
showed that 61% and 41% of conversations within core discussion
networks were about health and politics, respectively. We later con-
firmed that people discussed health and politics to the similar extent
(health: 55%; politics: 43%) in our core discussion networks
throughout the entire survey period. Consequently, we asked re-
spondents to elicit up to five names from important matters
name generators and then asked up to three names from political
and health matters name generators, respectively, in a randomized
order, instead of using five question boxes based on the pretest (see
appendix A in the Supplementary Materials for the details of our
pretest). Then, we combine multiple name generators (important,
health, and political matters) to address the contextual sensitivity
of the important matters name generator (31). Nevertheless, we pri-
marily present results from the important matters name generator,
although our conclusion stays the same if we use results from the
multiple name generators. To ensure that we do not train our re-
spondents to name fewer discussion partners, we locate our
network questions at the beginning of the survey. Once we collect
“names” (e.g., nick names, first names, and initials) of each alter, we
use name interpreters to collect information about them including
the nature of relationship (e.g., relationship type, discussion topic
and frequency, communication channel, the timing of last in-
person contact, and geographic location of alters) and their demo-
graphic characteristics (e.g., age, gender, race, education, and parti-
sanship). The exact question wording and response options are
described in appendix B in the Supplementary Material.

Measures

Network size, isolation, and other variables

We measure the size of core discussion networks by counting the
names that appear in the important matters name generators. We
identify network isolation when respondents do not provide any
names. If respondents do not report at least one confidant in the
important matters name generator, we further ask whether this is
because they do not have anyone to discuss important matters
with or because they do not have any important matters to
discuss. For other variables collected by network name interpreters,
we use the raw response categories unless otherwise noted, includ-
ing relationship type and demographic characteristics of alters (i.e.,
age, gender, race, education, and partisanship).
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Relationship composition

When comparing the relationship composition of our survey to
earlier surveys, we note that the earlier network surveys (GSS,
CNES: Cross-National Election Studies, and PEW: PEW research)
allowed respondents to report multiple relationship categories for
each alter, whereas later surveys (TESS:Time-sharing Experiment
for Social Sciences and COVID-19 study) only permitted reporting
a single category that best captured the relationship. To address this
discrepancy, we choose a relationship category from multiple ones
by first randomly assigning a category from kin ties for alters who
are tied to an ego through any kin relations, and then randomly as-
signing a category from nonkin ties. We repeat this procedure 1000
times to simulate the distribution of relationship composition in
each survey.

Homophily

We quantify absolute homophily and choice homophily. Absolute
homophily is defined with respect to the similarity of an ego-alter
pair, without considering the opportunity structure, whereas choice
homophily is defined with respect to ego-alter similarities in refer-
ence to those expected from random mixing, conditional on the
population composition and degree distribution (37). We measured
absolute homophily by calculating the proportion of the same cat-
egorical attributes between an ego and alters within each ego's
network. To measure choice homophily, we extend the case-
control matching strategy by simulating random mixing processes
on ego networks (36). Specifically, we exploit the fact that individ-
uals in nationally representative survey data can be potential “alters”
for each ego, who are unlikely to know each other. In doing so, we
randomly select potential alters corresponding to the ego network
sizes from all survey respondents excluding ego and then generate
1000 simulated ego-centric networks. We then measure choice ho-
mophily by dividing the observed homophily by the mean chance
homophily across 1000 simulations (75). We also calculate Coleman
index to measure choice homophily net of compositional differenc-
es across different groups using netseg package in R (https://github.
com/mbojan/netseg/) (76, 77). To ensure consistency across differ-
ent datasets, we recode demographic categories for ego and alter
into the followings: age (less than 20, 20 to 39, 40 to 59, and 60+),
sex (male and female), race (white, Black, and Other), education
(less than high school, high school, college graduate, and higher),
and partisanship (Democrat, Republican, and Independent, some-
thing else).

Analytic strategy

We used all available data including the GSS 1985, 1987, 2004, and
2010; the CNES 1992; the PEW 2008; and the TESS 2010/2016 for
comparison. While the information about network size and rela-
tionship type was available for all studies, other information was
partially available across different surveys. Table SI summarizes
the similarities and differences in study designs. To provide reliable
benchmarks, we conducted a meta-analysis to summarize estimates
on network characteristics before 2020. In doing so, we tested the
significance of linear trends, and then, we establish a comparison
benchmark: either the identified trends, if any, or otherwise the
overall mean from the following random effects models. This
allowed us to assess whether the patterns of core discussion net-
works during the pandemic significantly differ from the general
trends. Specifically, our random effects models capture the overall
tendency and the linear trend if any, assuming that an estimate from
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each survey y, at period t is the combination of the unknown true
effect (0,) and the sampling error (e,): y, = 0, + e, where 6, = p + pt +
uy, e,~N(0, v,%), and u,~N(0, T°). Namely, we assumed that differenc-
es in estimates across different surveys may introduce some random
variability among the true effects in addition to the random sam-
pling error. We used restricted maximum-likelihood estimation to
estimate t* given that the REML estimator is approximately unbi-
ased and efficient. We used metafor package in R (78) to calculate
the 95% confidence intervals. We identified significant deviations
by noting non-overlaps between estimates on COVID-19 networks
and the predicted trends as indicative of significant differences.

Sample nonrepresentativeness is one of the concerns using non-
probability samples. To account for potential bias due to the nature
of our online sampling, we conducted a raking procedure using
autumn package in R. This package was developed and used by De-
mocracy Fund + UCLA Nationscape, one of the largest public
opinion surveys in the US (79). We used monthly current popula-
tion survey (CPS) data downloaded from the IPUMS website
(https://cps.ipums.org/cps/) to construct the target population
(80). Specifically, we created monthly post-stratified weights to
match the marginal distribution against the current population
survey (CPS) from April 2020 to May 2022 for the following indi-
vidual characteristics: sex, age group, race, education, working
status, household size, state of residence, metro, survey day from
Monday to Sunday, and presidential election voting status (the
2016 presidential election before 2020 November and the 2020 pres-
idential election on and after 2020 November) in each month. We
used post-stratified weights to estimate the overall patterns and
trends, as well as regression models.

We conducted the extensive set of checks on the performance of
the post-stratified weights in multiple ways. Figure S14 shows that
our raking procedure reduces the biases (i.e., the difference in the
proportions of the variable between our survey sample and CPS) in
most variables used in post-stratification to be close to zero. The
mean bias before and after raking across 10 variables and 98 cate-
gories is 0.021 and 0.002, respectively. When using the final weight,
we showed that the demographics of our weighted sample were
similar to those of the general US population, including marital
status, which was not part of the raking procedure (table S6). Com-
paring COVID-19 vaccine uptake (i.e., the first dose) between our
sample estimate and CDC's official rate over time, fig. S2 shows that
our sample can generate the 95% confidence intervals of weekly vac-
cination rates that cover the CDC benchmarks except for the first 2
weeks in January 2021, where weekly weights were estimated using
the same raking procedure that matches sex, age group, race (three
categories; white, Black, and Other), education, and household size.
Moreover, fig. S3 shows that our data with these weights can make a
reasonable prediction on race-specific COVID-19 infection rates.
Last, we calculate various descriptive statistics to characterize core
networks with and without post-stratified weights using the whole
sample in table S7. Estimates without weights show slightly larger
networks, higher proportions of parent and friendship relation-
ships, a lower proportion of in-person channels, and higher levels
of political homophily, but all differences noted here are not sub-
stantially large.
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