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Abstract

To what degree can we determine people’s connections with groups through the language they use? In recent years, large archives of
behavioral data from social media communities have become available to social scientists, opening the possibility of tracking naturally
occurring group identity processes. A feature of most digital groups is that they rely exclusively on the written word. Across 3 studies,
we developed and validated a language-based metric of group identity strength and demonstrated its potential in tracking identity
processes in online communities. In Studies 1a–1c, 873 people wrote about their connections to various groups (country, college, or
religion). A total of 2 language markers of group identity strength were found: high affiliation (more words like we, togetherness) and low
cognitive processing or questioning (fewer words like think, unsure). Using these markers, a language-based unquestioning affiliation
index was developed and applied to in-class stream-of-consciousness essays of 2,161 college students (Study 2). Greater levels of
unquestioning affiliation expressed in language predicted not only self-reported university identity but also students’ likelihood of
remaining enrolled in college a year later. In Study 3, the index was applied to naturalistic Reddit conversations of 270,784 people
in 2 online communities of supporters of the 2016 presidential candidates—Hillary Clinton and Donald Trump. The index predicted
how long people would remain in the group (3a) and revealed temporal shifts mirroring members’ joining and leaving of groups (3b).
Together, the studies highlight the promise of a language-based approach for tracking and studying group identity processes in online
groups.
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Significance Statement:

Millions of people participate in identity-based social media communities (e.g., Reddit’s political communities). The rich language
and behavioral data available from these groups makes them a treasure trove for studying naturally occurring group dynamics.
But how do we capture people’s group identities from unstructured social media data? The current report presents evidence that
people’s group identities leave traces in the language they use. Specifically, across diverse groups, the language of people with strong
identities was marked by (a) a higher focus on affiliation, and (b) lower uncertainty or questioning. Using the two identified language
markers, the current work formulated a language-based metric of group identity strength that can track identity processes in large
online communities.

Introduction
What are the fundamental social and psychological processes
that are associated with the ways people connect with their
school, church, nation, or political candidate? At a broader level,
how can we tell when people identify with or feel committed to
these groups? What signals do people give off about their unwa-
vering allegiance to groups that others may use to guide their own
behaviors? The current project attempts to identify the underly-
ing linguistic fingerprints of people’s group identities. By finding
such fingerprints, we should be able to identify the people who
are most likely to actively contribute to, as opposed to disengage
with or leave a group, and at the same time, gain a better under-
standing of the process through which people’s group identities
are developed.

Decades of research have revealed that the strength of people’s
group identities influences their cognitions and behaviors, pro-
ducing outcomes ranging from motivated reasoning (1) to collec-
tive action (2) and violence (3). The rise of social media has led to
an explosion of identity-based online communities, wherein peo-
ple with shared identities (e.g. partisan identity) come together
and engage with each other. These communities make for a rich
source of language and behavioral data for social scientists to
study identity processes “in the wild.” However, the large amounts
of real-world behavioral data available from online communi-
ties remain largely untapped by identity researchers because lit-
tle is known about how identity is expressed in people’s natural
language. The current research introduces a language-based ap-
proach for tracking and understanding group identity strength in
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naturalistic group settings, thereby opening new possibilities for
the study of contemporary group processes.

A potential approach to capture group identity strength in the
online context is through the analysis of people’s language. Peo-
ple’s language contains traces of their psychological states (4–6),
which can be used to track social and group dynamics. Of partic-
ular interest are studies showing that people’s individual identi-
ties get expressed in their language (7). Some studies have tracked
the language markers of phenomena somewhat related to peo-
ple’s social identities, for instance, their moral values based on
the Moral Foundations Theory (8) and political ideology (9). Re-
searchers interested in group processes have examined how group
members align their linguistic style (10) and content (11) with that
of fellow members, but no studies have directly examined the lan-
guage markers of group identity. Identifying the natural language
correlates of group identity strength would not only provide a way
to measure group identity from language, but also illuminate nat-
urally occurring psychological processes in group settings. The
current research sought to (a) develop and validate a linguistic
metric of group identity strength that can be applied to unstruc-
tured text data, and (b) demonstrate the metric’s potential for cap-
turing group identity in large social media groups.

The group identity literature has a rich history. Since Tajfel in-
troduced social identity theory in the 1970s, several approaches
have illuminated the different features of group identity including
activation of the social self (12), intragroup ties (3, 13), uncertainty
reduction (14), identity performance and engagement (15), group-
level emotions (16), and so on. Because most of these features have
been measured by relying on people’s self-reports, we were par-
ticularly interested in finding which ones might be manifested in
everyday language. As described below, we identified 4 facets—2
social, 1 cognitive, and 1 behavioral—which have strong theoreti-
cal and empirical links to group identity. See SOM-III for a detailed
discussion of why these facets were selected but not others (e.g.
emotional facets). The set of identified candidate language mark-
ers of group identity strength was then narrowed down based
on correlations with validated group identity scales. The 4 can-
didate language markers were measured from language using
prevalidated dictionaries from the text analysis program Linguis-
tic Inquiry and Word Count (LIWC; (17). Of the 4 theory-based
candidate language markers identified, the ones that were ro-
bustly associated with self-reported group identity strength were
then used to develop a language-based metric of group identity
strength.

High affiliation. Having a strong group identity, almost by def-
inition, is associated with greater feelings of connectedness with
other group members. The classic social identity theory posits
that people feel a sense of shared self with others who are sim-
ilar to them and who belong to their group (18). More recently,
identity fusion theory emphasized the strong intragroup bonds
that arise from people’s group identities (3). This greater feeling
of connectedness or we-ness may manifest in use of language fo-
cusing on such connections (19), for instance, first person plural
pronouns (e.g. we and us) that refer to one’s collective self and
other affiliation-related words (e.g. together, love).

Low self-focus. A greater focus on one’s we-ness may go hand in
hand with a drop in their sense of I-ness. Self-categorization the-
ory posits that the salience of one’s group identity is associated
with “depersonalization,” characterized by an eclipsing of the per-
sonal self by the social identity (12). People with a strong identity
may, therefore, display decreased levels of self-focus in contexts
where their group identity is salient, which can be measured using
first-person singular pronouns (e.g. I and me).

High certainty (or low questioning). Several lines of work con-
verge on the notion that group identity is associated with high
certainty and low uncertainty. Hogg’s classic uncertainty–identity
theory argues that identifying with a group reduces epistemic un-
certainty. (14). Aligned with this theory, studies show that strong
political identities are characterized by feelings of high certainty
and low doubt (20, 21). Other studies find that people with strong
religious identities rely on their first intuitions, as opposed to en-
gaging in deeper reflection or questioning (22), arguably a marker
of certainty. Studies on language show that when people feel un-
certain or when they are dealing with unresolved issues, they use
more “cognitive processing” words associated with causation (e.g.
because, reason), self-reflection (e.g. understand, think), uncer-
tainty (maybe, perhaps), and so on to actively question and work
through the issues (23–25). Low use of such cognitive processing
words, indicating that the author is not having to engage in active
cognitive processing to work through any issues, could indicate
lower uncertainty. Combining these literatures, it was expected
that people with stronger identities would feel greater certainty
on group-related issues, decreasing their need for using cognitive
processing words to work through issues. Strong identity should
then be negatively associated with use of cognitive processing
words.

High engagement. People with strong identities may naturally
be most motivated to engage with group-related issues, which has
been observed with a range of group-related behaviors (26). Given
the current focus on group members’ language, a natural behav-
ioral indicator of group-related engagement is the degree to which
group members talk in group-related contexts. For instance, group
identity may manifest in a greater tendency to engage in conver-
sations with fellow group members. When given a chance to talk
about a group, people with strong group identities may display
greater engagement by simply saying more. The number of words
spoken could be used as a proxy for engagement. We expected
that people with stronger group identities would use more words
when talking about the group or in conversations with fellow-
members.

The current research sought to evaluate the above-described
facets of group identity strength in language across a range of
groups. While different types of groups can produce different ef-
fects on people’s language, in line with the social identity litera-
ture examining many types of groups—sports, political, ideolog-
ical, and even minimal groups, the current work assumes that
some core identity processes operate across diverse groups. The
goal was to track the language markers of the psychological state
of identifying with a group without regard for group-specific top-
ics. In Study 1, we analyzed 3 samples of essays that survey par-
ticipants wrote about their connections with 3 social groups—
country, religion, or college, and evaluated the 4 hypothesized
language-based dimensions against established self-report mea-
sures of group identity strength. A total of 2 consistent language
correlates of group identity emerged from the analysis: high affil-
iation and low questioning. Using these 2 dimensions, a compos-
ite language index—which we call unquestioning affiliation—was
developed. In Study 2, using an archival sample of college stu-
dent essays, we validated the developed index against both self-
reported university identity strength and an important behavioral
outcome: future retention in college.

In Study 3, unquestioning affiliation was measured from con-
versations occurring within 2 large political groups on Reddit: sup-
porters of the Presidential candidates in the 2016 US presiden-
tial election, Donald Trump and Hillary Clinton. We first exam-
ined whether the index predicted how long a member would go
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on to stay in the groups (Study 3a). Long-term, committed group
members were expected to use language indicating higher levels
of unquestioning affiliation. Second, we tracked temporal changes
associated with members’ joining and leaving of online groups
(Study 3b). Specifically, we tested if the levels of unquestioning af-
filiation that members expressed in the Trump and Clinton com-
munities increased after they joined the groups and decreased
prior to leaving.

Studies 1a, 1b, and 1c: Developing a
Language-Based Metric of Group Identity
Strength
Methods
To identify the language markers of group identity strength,
3 samples of US residents were recruited from Amazon’s
Mechanical Turk (MTurk). The final samples included 247 par-
ticipants in Study 1a, 372 participants in Study 1b, and 250 par-
ticipants in Study 1c (see SOM-V and Table S1 [Supplementary
Material] for demographics, exclusions, and other methodological
details).

Participants wrote for 6–8 minutes about their connection to
the United States (1a; e.g. “. . .write about your relationship with
America. . .”), their religion (1b), or their college (1c). Participants
then rated several items on 7-point scales (1 = Strongly Disagree;
7 = Strongly Agree) including the verbal identity fusion scale (e.g.
“I am one with America”; (27) measuring group identity strength
and also items measuring their intentions to engage in progroup
behaviors (e.g. “If I found out that a student from < college
name > met with an accident, I would be willing to donate blood
to help the student.”).

For only Study 1c, we obtained judge ratings from an under-
graduate research assistant who was blind to the hypothesis. The
student read about identity fusion theory and then rated 100 es-
says on the strength of the author’s college or university identity.
Excluding 3 essays for which no ratings were provided, the ratings
were positively correlated with self-reported fusion (r(95) = 0.60
and P < 0.001).

Participants’ essays were analyzed using LIWC2015 (17). LIWC
is a text analysis program that captures various themes and psy-
chological states from text using prevalidated dictionaries. A total
of 4 dimensions were analyzed using the corresponding LIWC dic-
tionaries (i) affiliation, (ii) self-focus or I-words, (iii) questioning
or cognitive processing, and (iv) engagement or word count (see
SOM-IV for LIWC details).

Results
Correlations between self-reported measures and language in-
dices are presented in Table 1. Across the 3 samples, self-reported
identity fusion and progroup behavior were correlated positively
with affiliation and negatively with cognitive processing. The cor-
relations with word count and self-focus were neither consistent
across the samples nor with our hypotheses (also see Figure S1
[Supplementary Material] in the SOM).

Because affiliation was positively associated and cognitive pro-
cessing was negatively associated with the self-reported identity
measures across the 3 samples, we computed a composite mea-
sure of the 2 dimensions. We reverse-scored the cognitive pro-
cessing score, and added up the standardized dimensions (i.e.
= z(affiliation)—z(cognitive processing)) to compute a language-
based index capturing the psychological state of unquestioning
affiliation. Note that affiliation and cognitive processing were ei-

ther not correlated with each other or negatively correlated (av-
erage r = −0.16, ranging from −0.33 to +0.02). The Guttman split
half reliabilities of the unquestioning affiliation index across the
3 samples were 0.47, 0.56, and 0.43, respectively.

The unquestioning affiliation index was positively associ-
ated with self-reported identity fusion and progroup behavior
(0.21 < rs < 0.31). This effect remained robust controlling for de-
mographics (gender, race, age, education level, and political orien-
tation) (1a: β = 0.21, P = 0.002; 1b: β = 0.23, P < 0.001; and 1c: β =
0.25, P < 0.001). Providing evidence for divergent validity, none of
the demographic variables were consistent significant predictors
across the studies (see Table S3 [Supplementary Material] in the
SOM for the relevant statistics). Finally, the judge ratings obtained
in Study 1c were positively associated with our unquestioning af-
filiation index (r(95) = 0.32, P = 0.002.

In sum, as illustrated by the examples in Table 2 and Table S2
(Supplementary Material) in SOM-V, across essays about diverse
types of groups, group identity strength was consistently associ-
ated with language indicating high affiliation and low question-
ing, what we term unquestioning affiliation. Given this evidence
is based on self-reported identity strength, it is important to as-
sess whether linguistic expressions of unquestioning affiliation
can predict real-world behavioral outcomes.

Interestingly, our hypotheses regarding word count and I-words
were not confirmed. In fact, word count was negatively corre-
lated with self-reports of group identity in 2 samples. A possible
explanation is that some weakly identified participants were mo-
tivated to vent out their strong negative feelings about their group.
This seemed to be qualitatively true in Study 1c, wherein several
participants were disappointed with their college experience and
with Study 1a participants who were unhappy with the outcome
of the 2016 election when the study was conducted. It is possible
that word count captures engagement only in conversational con-
texts. We are unsure why there was no effect of I-words. This may
have to do with the wording of the writing prompt or it could in-
dicate that group members’ personal identities remain activated
when their social identity is activated (3).

Study 2: Testing Unquestioning Affiliation
With a Behavioral Outcome: College
Retention
Study 2 sought to replicate Study 1’s main finding and additionally
assess if the unquestioning affiliation index could predict an im-
portant real-world behavior. Following evidence that self-reported
identity strength with university predicts future college retention
(28), we tested whether unquestioning affiliation measured from
students’ stream of consciousness essays could predict college re-
tention.

Methods
Study 2 relied on archival data collected from students (N = 1,520)
enrolled in an Introduction to Psychology online course taught at
a large university. After exclusions, the sample contained 1,512
participants (Mage = 18.81; SDage = 1.69; 61.8% female, 38.94%
White; and 64.0% freshmen) from 2 cohorts: Fall 2015 (N = 1,082)
and Spring 2016 (N = 430). Students completed writing assign-
ments and surveys as part of the course curriculum, which were
used for research after obtaining students’ consent. The research
methods were approved by the Institutional Review Board of the
authors’ institution (see SOM-II for more details on ethics ap-
proval).
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Table 1. Correlations of self-reported and language indices in Studies 1a, 1b, and 1c.

Self-reported measures Affiliation Self-focus (I-words) Questioning (cognitive processing) Engagement (word count)

Study 1a: USA (N = 247)
Identity fusion with group 0.19∗∗ −0.001 −0.14∗ −0.16∗

Progroup behavior 0.21∗∗∗ −0.03 −0.10 −0.12∗

Study 1b: religion (N = 372)
Identity fusion with group 0.14∗∗ 0.06 −0.31∗∗∗ 0.10∗

Progroup behavior 0.16∗∗ 0.13∗∗ −0.24∗∗∗ 0.003

Study 1c: college (N = 250)
Identity fusion with group 0.25∗∗∗ 0.09 −0.17∗∗ −0.19∗∗

Progroup behavior 0.33∗∗∗ 0.13∗ −0.15∗ −0.17∗∗

Note: ∗indicates P < 0.05. ∗∗indicates P < 0.01. ∗∗∗indicates P < 0.001.

Table 2. Excerpts from sample responses with low and high unquestioning affiliation scores. Words from the affiliation dictionary are in
green font, and words in the cognitive processing dictionary are in red font.

High unquestioning affiliation Low unquestioning affiliation

“I feel a bond with members of my church family. I feel unending
support and love from them. I enjoy being there for my church family
and volunteering as well. It gives me a sense of fellowship and giving
to others. It helps me feel closer to my church and to god. . . I feel we
are kind individuals and as a whole we try to do our best. . .” (Study 1b)

“I’m just not sure if there is a God or not. I can’t help myself. I guess I
don’t admit it enough but sometimes the curiosity does consume me
to the point I lose sleep. I want to believe. I believe I believe. I’m just
not sure if I believe. If that makes any sense . . . I am so unsure and so
confused myself, I just don’t know what to do most of the time.”
(Study 1b)

Participants completed a stream-of-consciousness writing ex-
ercise (see (29) for details; average word count = 709). Even though
students were not prompted to write about their college, most stu-
dents did so. The most used words were “time,” “people,” “friend,”
“class,” and “college.” A total of 2 months later, participants also
completed the identity fusion scale (27) indicating their fusion
with university. Because the fusion items and response scales
used varied across the semesters, the fusion scores were stan-
dardized within each semester (see SOM-VII for descriptive statis-
tics). Students’ enrollment status in the university recorded ap-
proximately a year after the above-listed measures were collected
was used as an indicator of whether the student stayed in the uni-
versity. Overall, 7.94% of the sample left the university. Note that
a subset of this dataset was previously used in an article by Talai-
far et al. (28) exploring the links between self-reported fusion and
college retention.

Results
As in Study 1, unquestioning affiliation scores were computed for
each student (i.e. = z[affiliation]—z[cognitive processing]). More
detailed analyses of the separate components can be found in
SOM-VIII. Replicating the finding from Study 1, unquestioning af-
filiation expressed in language was positively associated with self-
reported fusion with university, r(1510) = 0.11; P < 0.001. This ef-
fect remained robust (β = 0.11 and P < 0.001) when controlling
for participant’s cohort, SAT scores, and demographic variables
including gender, age, and ethnicity.

A logistic binomial regression was then employed to test
whether unquestioning affiliation predicted retention 1 year later,
which it did (OR = 1.19, 95% CI = [1.05, 1.36], Wald χ 2 = 7.10, and
P = 0.008). To illustrate, of the students whose essays received un-
questioning affiliation scores over 1 SD above the mean, 95.09%
stayed in university after a year as opposed to 89.64% of the stu-
dents who scored a standard deviation below the mean. This ef-
fect was robust when tested with controls (OR = 1.18 and P = 0.02).
Sample text samples are provided in SOM-VII.

In sum, language expressions of unquestioning affiliation were
associated with self-reported group identity and, more notably,
with an important group-related behavioral outcome that is dif-
ficult to predict: retention in college. These patterns are particu-
larly noteworthy given that students were asked to simply write
about their thoughts and feelings while in the university setting
with no explicit demand to write about their university identity.
The evidence so far relied on analysis of essays that participants
wrote as part of surveys. The true test of the validity and utility
of our inference that unquestioning affiliation captured in lan-
guage is a marker of group identity strength is in naturally oc-
curring interactions within real-world identity-based groups. In
other words, when people are engaging in conversations with fel-
low group members, their identities should manifest in the form
of linguistic expressions of unquestioning affiliation, which was
tested in Study 3.

Study 3: Applying the Unquestioning
Affiliation Index to Large Social Media
Political Groups
Unlike in Studies 1 and 2 wherein we analyzed essays that partic-
ipants wrote about their groups, Study 3 applied the unquestion-
ing affiliation index to naturalistic conversations in 2 large po-
litical identity-based groups on Reddit. We sought to determine
if unquestioning affiliation measured from conversational lan-
guage would predict staying in vs. dropping out of the groups.
Reddit is a popular social media website on which users par-
ticipate in discussion-based communities. Comments posted on
2 Reddit groups corresponding to the supporters of the Presi-
dential candidates in the 2016 US presidential election, Donald
Trump (The_Donald) and Hillary Clinton (hillaryclinton), were ex-
amined. All the reported findings replicated in a parallel analysis
conducted with Bernie Sanders supporters (see Figures S10 and
S11 [Supplementary Material] in SOM-XIII). Partisan groups were
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selected because partisan identities are often expressed and sig-
naled on social media, especially around elections when compe-
tition is most intense.

The analysis of conversations occurring within The_Donald and
hillaryclinton examined whether the language-based unquestion-
ing affiliation index reflects (a) individual differences and (b)
within-person temporal changes in group identity strength. First,
does unquestioning affiliation measured from naturalistic conver-
sations predict retention in the 2 online groups? In line with find-
ings from Study 2, it was expected that strongly committed, long-
term members would use language reflecting higher levels of un-
questioning affiliation. Second, within-person changes in unques-
tioning affiliation were tracked over time. It was expected that af-
ter joining The_Donald or hillaryclinton, the longer members stayed
in the group and got socialized, the more unquestioning affilia-
tion they would express (11) and in parallel, that unquestioning
affiliation would drop as they approached their departure from
the group (28). Separate analyses for affiliation and questioning
are reported in the SOM (see Figures S5, S6, S8, and S9, Supple-
mentary Material).

Study 3a: Does the Unquestioning
Affiliation Index Predict Tenure in Online
Groups?
On entering a political subreddit, it was predicted that new mem-
bers whose posts reflected greater unquestioning affiliation would
remain active in the group longer than others.

Methods
Comments posted on The_Donald since the inception of the group
(July 2015) until February 2018 were included. In the case of
hillaryclinton, comments posted since the group’s inception (March
2013) were included only up until September 2017, because the
group became inactive by mid-2017 after Clinton lost the 2016
elections. Each user’s membership duration was computed as the
total number of days on which they posted at least 1 comment
on the group. Over 50% of the groups’ members posted for only
a couple of days before leaving. The samples were grouped into
3 categories based on membership duration: Members who con-
tributed for 1–5 days (NThe_Donald = 147,163; Nhillaryclinton = 19,287),
6–40 days (NThe_Donald = 62,269; Nhillaryclinton = 5,140), and 41 or more
days (NThe_Donald = 35,249; Nhillaryclinton = 1,676). In SOM-XI, we pro-
vide the rationale for this grouping (also see Table S5 and Fig-
ure S2, Supplementary Material). The findings remained robust
treating membership duration as a continuous variable. The com-
ments were aggregated into text files such that each text file con-
tained the comments posted by a single person on a particular
day. The analyses excluded texts that had fewer than 25 words,
were not in English, or were posted by bots. As discussed in SOM-X,
our findings remained robust to alternate exclusion criteria. The
final samples contained 2,965,841 text files from 244,681 mem-
bers on The_Donald and 184,202 text files from 26,103 members
on hillaryclinton. LIWC scores were obtained for the texts and stan-
dardized across users within each date to account for variations
in the joining date of members. Each user’s average unquestion-
ing affiliation score was computed. SOM-XV explores topic-based
differences in the language of long-term vs. short-term members.

Results
A one-way anova tested the effect of membership duration on
members’ average unquestioning affiliation scores. Note that all

effects reported in Study 3 are significant at P < 0.001 unless noted
otherwise. As shown in Fig. 1(a) and (b), members who stayed in
the group longer expressed higher levels of unquestioning affil-
iation on average (The_Donald: d>40 vs. 1–5 days = 0.28; hillaryclinton:
d>40 vs. 1–5 days = 0.23). When membership duration was treated as a
continuous variable, it was still positively associated with unques-
tioning affiliation (The_Donald: Spearman’s ρ = 0.15; hillaryclinton: ρ
= 0.12; see Figure S3 [Supplementary Material] in the SOM). SOM-
XIII shows parallel effects in SandersForPresident). Interestingly, the
positive association weakened beyond about 25 days.

Do expressions of unquestioning affiliation in language on the
first day of posting predict how long people would stay active
in the respective groups? For each member, a new unquestion-
ing affiliation score was computed based on only the comments
they made on their day of joining. Long-term members of the
groups expressed more unquestioning affiliation even in their
first day on the group (The_Donald : d>40 vs.1–5 = 0.21; hillaryclin-
ton: d>40 vs.1–5 = 0.14). To illustrate, in The_Donald, members with
joining-day unquestioning affiliation scores in the top third of the
sample remained in the group for about 6.8 days more than those
in the bottom third.

Robustness checks. The association between unquestioning af-
filiation and retention remained robust when controlling for the
user’s Reddit activity outside of the The_Donald and hillaryclinton
communities. These patterns held for total number of comments
posted, number of active days, and the number of communities
they posted in, both before and after they joined the The_Donald
or hillaryclinton communities (more details in SOM-IX). The find-
ings remained robust when membership duration was analyzed
(a) as a continuous variable, (b) after log-transformation, and (c)
using hazard models. As shown in Figure S4 (Supplementary Ma-
terial) of SOM-XI, the probability of staying active in the commu-
nity remained higher for people whose language on day of joining
received high unquestioning affiliation scores.

Overall, the unquestioning affiliation index, when applied to
the daily conversations of the 2 subreddits reflected meaning-
ful individual differences in group identity strength. Specifically,
the language of long-term members indicated higher levels of un-
questioning affiliation, even on their day of joining the group. In
other words, our language index was able to identify members
with strong group identities based on only the language they used
on their day of joining.

Study 3b: Does the Unquestioning
Affiliation Index Reflect Meaningful
Temporal Changes Associated With
Members’ Joining and Leaving of Groups?
The longer that people spend in a group interacting with other
members, the more their group identity should strengthen. Simi-
larly, their group identity should weaken prior to their departure
from the group. The unquestioning affiliation index applied to
conversations was expected to reflect this hypothesized pattern.

Methods
The The_Donald and hillaryclinton datasets were used to track
within-person shifts. As in the previous analysis, LIWC scores
were standardized within each date. Each member’s daily contri-
butions to the group were then chronologically ordered and num-
bered. To ensure that there were sufficient data points to observe
changes over time, the analysis included only people who posted
on 10 or more days.
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Fig. 1. (a) and (b). Average unquestioning affiliation scores among short-, medium-, and long-term members of The_Donald (1a) and hillaryclinton (1b).
Group members who stayed in the group longer conveyed higher levels of unquestioning affiliation in their language on average. Error bars represent
confidence intervals.

A total of 2 types of temporal shifts were examined correspond-
ing to members’ initial days after joining a group and final days
before leaving a group. As in the previous analyses, the sample
was divided into 3 arbitrary categories based on membership du-
ration (i.e. those who stayed for 10–19 days, for 20–39 days, and for
40 or more days). To visualize within-person temporal effects for
each category that are not driven by between-person differences,
the analysis included texts posted on a user’s ith active day since
joining the group and jth active day before leaving the group only
if all members of that category posted on those days. For the 10–
19 days category, only members’ first 5 active days and last 5 ac-
tive days in the group were included, because all members in the
category posted on at least 10 days; for the 20–39 category, mem-
bers’ first 10 active days and last 10 active days were included.
For the 40+ days category, the first 10 and last 30 days were in-
cluded. The exclusion criteria used in the previous analysis were
followed. The final analyses included texts from the initial days of
49,679 The_Donald members and 4,289 hillaryclinton members and
the final days of 49,337 The_Donald members and 4,259 hillaryclin-
ton members (see SOM-XII including Table S6 (Supplementary Ma-
terial) for more details).

Results
Separate mixed effects models were used to examine change in
expressions of unquestioning affiliation over members’ (a) initial
days after joining and (b) final days before leaving. In all models,
comments’ chronological order entered as a fixed effect and in-
tercepts were included as a random effect to account for idiosyn-
cratic variation in individuals’ baselines.

First, as depicted by the left slopes of Fig. 2(a) and (b), mem-
bers’ unquestioning affiliation increased in a linear manner in
their first few days in the group (The_Donald: b = 0.010, t(198,841.6)
= 8.04, and R2

m = 0.03%; hillaryclinton: b = 0.01, t(22,343.6) = 3.36,
and R2

m = 0.05%; R2
m refers to marginal R2 or variance explained

by the model’s fixed effects. In Table S7 (Supplementary Mate-
rial) of the SOM, we report both marginal and conditional R2).
Another random intercepts HLM model examining unquestion-
ing affiliation in members’ last days in the group revealed a sig-
nificant negative slope indicating a drop in linguistic expressions
of unquestioning affiliation as people approached their day of de-
parture from the group (The_Donald: b = −0.005, t(274,803.6.5) =
−14.6, and R2

m = 0.07%; hillaryclinton : b = −0.004, t(31,390.3) =
−4.87, and R2

m = 0.07%).

Robustness checks. We also tested alternate models in which the
date of posting was entered as a fixed effect instead of standardiz-
ing the unquestioning affiliation index within each date, and the
effects remained robust. These findings along with marginal and
conditional R2 values are reported in SOM-XII (also see Figure S7,
Supplementary Material). The effects were robust to controlling
for users’ Reddit activity before joining The_Donald and hillaryclin-
ton communities.

To summarize, across the 2 political groups and a replication
sample presented in SOM-XIII, language markers of group iden-
tity strength, measured as expressions of high affiliation and low
questioning, increased over time after people joined the group and
decreased before leaving. This analysis is 1 of the first to show
that group identity can change even over short periods of time.
The patterns detected in The_Donald appear more robust than the
ones in hillaryclinton, which is likely because of the considerably
smaller sample from hillaryclinton. It is notable that these patterns
were captured even though the dates of joining and leaving were
vastly different across the sample, differing by months or even
years, which may explain the small effects.

General Discussion
A total of 3 studies examining a range of groups in diverse con-
texts demonstrated that people’s language contains measurable
traces of their group identities and, more importantly, that such
markers predict important behavioral outcomes and reflect ongo-
ing dynamic processes. The analyses uncovered 2 language-based
markers of group identity strength. First, people with strong group
identities used more affiliation words, presumably reflecting the
fundamental notion that group identities bring together collec-
tives and forge strong intragroup relationships (3, 30). Second, peo-
ple with strong identities used fewer cognitive processing words—
which are typically used to work through or question unresolved
issues—suggesting that strong group identity stills the mind when
it comes to group-related issues. This finding aligns with the
growing evidence that extreme identities and ideologies are linked
with higher levels of certainty (20, 21, 31, 32). Notably, 2 cen-
tral markers of identity—affiliation and questioning—reflected
not just individual differences in group identity strength but
also change over time. The longer people spent in identity-based
groups, the more affiliation they expressed and the less they ques-
tioned.
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Fig. 2. (a) and (b). Change in unquestioning affiliation expressed in natural language after joining and before leaving The_Donald (2a) and hillaryclinton
(2b). The y-axis shows 3 days rolling means of the unquestioning affiliation score. The graphs indicate that linguistic expressions of unquestioning
affiliation generally increase after joining a group and drop before leaving the group. Error bands represent confidence intervals.

Using the affiliation and cognitive processing dimensions, we
formulated a language-based unquestioning affiliation index that
predicted not only self-reported group identity but also offline
and online behavioral outcomes. Study 2 found links between
students’ language and an important real-world outcome that
is difficult to predict: retention in college. In Study 3, unques-
tioning affiliation measured from naturalistic conversations in
large online political communities predicted how long a member
would remain with the group, and reflected temporal psychologi-
cal changes that individuals undergo after joining and before leav-
ing groups.

The current project is inspired by and contributes to the rich
literature on social and group identity. Historically, group iden-
tity has been studied primarily using individuals’ self-reported
feelings and perceptions, with relatively few attempts to capture
how group identity is expressed in natural language. It is notewor-
thy that language is, by definition, a social behavior. People’s lan-
guage within group contexts tells us not only about their psycho-
logical states but also about how they are conveying their iden-
tities to each other during their interactions. The current study
highlights the importance of 2 such facets of group identity—
affiliation and certainty—which people explicitly or implicitly ex-
pressed in their conversations. Our evidence that people commu-
nicate the strength of their identities in their utterances to fellow
group members raises the possibility that group members detect
such signals and use this information to shape their perceptions
of, and future interactions with, the speaker. These processes may
operate alongside previously identified tendencies of language
alignment with group members (10, 11). Future research should
investigate social dynamics of language expressions of identity
and also explore other features of identity that get conveyed in
natural language.

In addition to the theoretical findings, the language-based ap-
proach developed in this research has important methodological
implications. First, as shown in Study 3b, the language-based ap-
proach is unique in its ability to capture day-to-day variations in
identity strength. To our knowledge, this is the first study to show
that group identity strength can fluctuate over short periods of
time and as a function of ordinary events like joining and leav-
ing of groups. Second, this work goes beyond previous research on
the online behaviors of strongly identified individuals (33, 34) by
opening the possibility of studying identity processes in emerg-
ing identity-based online groups. This approach can be especially
useful in studying extreme groups that have been linked with con-

temporary social problems (e.g. rising partisan animosity; Mar-
chal, 2020), and which would be otherwise hard to reach (e.g. the
QAnon community; (35).

The current findings have potential applicability across several
domains. The language-based index could be used to track iden-
tities in a range of within-group contexts—for example, conver-
sations within extremist groups, politicians’ language within in-
group contexts, and so on. Although this work focused on within-
group contexts, the general method suggests that it may also
be possible to formulate ways of tracking group identity in con-
versations with outgroup members. While the current goal of
measuring group identity required us to fold together the 2 fo-
cal dimensions—affiliation and cognitive processing, future work
may track them separately. Future research will also undoubtedly
investigate these and other language dimensions to explore differ-
ent facets of identity. Further, in line with the social identity tra-
dition, we considered identity processes that broadly apply across
different types of groups and categories—national, political, reli-
gious, and educational groups—without differentiating between
them. But researchers with a focus on prediction, as opposed to
theory advancement, or who want to focus on specific groups may
devise more nuanced algorithms by accounting for different types
of groups or contexts, for instance, by assigning context-specific
weights to each variable.

Data from social media groups, like all naturalistic data, are
noisy, leading to small effects (36, 37). This is evidenced by the
smaller effect sizes in the Reddit analysis in Study 3 relative to
the effects detected via Study 1’s surveys. Effect sizes from surveys
and lab studies are usually inflated because these methods elim-
inate noise that is characteristic of our complicated world. Given
the large sample sizes in big data studies, we can be sure that the
detected effects, even if small, reliably capture true psychological
phenomena (38) (see SOM-IX for a detailed discussion). Further,
the analysis of such large corpora raises some important ethical
questions given the potential privacy risks to users. Researchers
using digital data should adhere to applicable legal and ethical
guidelines (39) to provide protections to users of these websites.

The current research is not without limitations. A central is-
sue in language analysis is that the meaning of linguistic expres-
sions almost always depends on context. The current research fo-
cused on identity-based groups, wherein members feel commit-
ted to a shared belief or entity, but the findings may not extend
to groups whose purpose is to question various issues (e.g. a com-
munity of scientists). Further, there might be some situations (e.g.

D
ow

nloaded from
 https://academ

ic.oup.com
/pnasnexus/article/1/2/pgac022/6617389 by guest on 30 June 2022



8 | PNAS Nexus, 2022, Vol. 1, No. 2

under threat), wherein concerns for the group might induce the
members with the strongest identities to exhibit highest levels of
questioning, rendering our language-based metric less accurate
in such instances. Our exploration into language content was pre-
liminary (see Tables S2, S4, S8–10, and Figures S12 and S13 [Sup-
plementary Material] in the SOM), but future research might con-
duct more comprehensive analyses. Similarly, we focused on com-
mon language markers that surfaced across contexts—when peo-
ple wrote about a group (Studies 1 and 2) or engaged in naturalistic
conversations within the group (Study 3). Future work could take
a more context-aware approach. Furthermore, while we focused
on intragroup conversations, future research might examine how
identity processes manifest in intergroup interactions.

The current research offers a new approach to capturing group
identity strength that takes advantage of the abundant informa-
tion that conversations within groups bear about the psychologi-
cal processes that undergird group dynamics. While this work pro-
vides only a glimpse into the types of research possible via nat-
uralistic observation of groups’ language, this arena is rife with
research questions. What is clear is that the language approach
combined with a focus on online communities has the potential
for studying group dynamics on a vastly different scale and tem-
poral horizon than has been possible so far.

Authors’ Contributions
A.A. & J.W.P. designed research; A.A. performed research; A.A. &
J.W.P. planned analyses; A.A. analyzed data; and A.A. & J.W.P. wrote
the paper.

Acknowledgments
We thank Siwar Aslih, Ryan Boyd, Kayla Jordan, Remy Mallett,
William B. Swann, Jr. Sanaz Talaifar, Robb Willer, and members
of the Stanford PACS workshop for their valuable comments on
the previous drafts of this article. We also thank Weixi Wang for
helping us code the data. A subset of the Study 2 data was previ-
ously used in an article by Talaifar et al. (2020) exploring the links
between self-reported fusion and college retention.

Supplementary Material
Supplementary material is available at PNAS Nexus online.

Funding
The current work was funded in part by grants from the Tem-
pleton Foundation (#62256), the National Science Foundation
(SES1758835), the National Institutes for Health (1R01MH117172),
and the Department of Justice (15F06718R0006603, NIJ202160007),
none of which played any role in the study design, data collection,
or interpretation, or in the writing of the report.

References
1. Van Bavel JJ, Pereira A. 2017. The partisan brain: an identity-

based model of political belief. Trends Cogn Sci. 22:213–224.
2. Van Stekelenburg J. 2013. Collective identity. In: The Wiley-

Blackwell encyclopedia of social and political movements. New
York (NY): Wiley-Blackwell.

3. Swann WB, Buhrmester MD. 2015. Identity fusion. Curr Dir Psy-
chol Sci. 24(1):52–57.

4. Boyd RL, Schwartz HA. 2021. Natural language analysis and the
psychology of verbal behavior: the past, present, and future
states of the field. J Lang Soc Psychol. 40(1):21–41.

5. Eichstaedt JC, et al. 2018. Facebook language predicts depression
in medical records. Proc Natl Acad Sci. 115:11203–11208.

6. Markowitz DM, Shulman HC. 2021. The predictive utility of word
familiarity for online engagements and funding. Proc Natl Acad
Sci. 118(18):e2026045118.

7. Bailey ER, Matz SC, Youyou W, Iyengar SS. 2020. Authentic self-
expression on social media is associated with greater subjective
well-being. Nat Commun. 11(1):4889.

8. Mooijman M, Hoover J, Lin Y, Ji H, Dehghani M. 2018. Moraliza-
tion in social networks and the emergence of violence during
protests. Nat Hum Behav. 2:1–8.

9. Sterling J, Jost J, Bonneau R. 2020. Political psycholinguistics: a
comprehensive analysis of the language habits of liberal and
conservative social media users. J Pers Soc Psychol. 118(4):805–
834.

10. Gonzales AL, Hancock JT, Pennebaker JW. 2010. Language style
matching as a predictor of social dynamics in small groups.
Commun Res. 37(1):3–19.

11. Danescu-Niculescu-Mizil C, West R, Jurafsky D, Leskovec J, Potts
C. 2013. No country for old members: user lifecycle and linguis-
tic change in online communities. Proceedings of the 22nd In-
ternational Conference on World Wide Web; New York (NY): As-
sociation for Computing Machinery. p. 307–318.

12. Turner J, Oakes P, Haslam S, McGarty C. 1994. Self and collective:
cognition and social context. Personal Soc Psychol Bull. 20:454–
463.

13. Leach CW, et al. 2008. Group-level self-definition and self-
investment: a hierarchical (multicomponent) model of in-group
identification. J Pers Soc Psychol. 95(1):144–165.

14. Hogg MA. 2007. Uncertainty–identity theory. In: Advances in ex-
perimental social psychology. vol. 39. Amsterdam: Elsevier. p. 69–
126.

15. Klein O, Spears R, Reicher S. 2007. Social identity performance:
extending the strategic side of SIDE. Pers Soc Psychol Rev.
11(1):28–45.

16. Smith ER, Mackie DM. 2015. Dynamics of group-based emo-
tions: Insights from intergroup emotions theory. Emotion Re-
view. 7(4):349–354.

17. Pennebaker JW, Boyd RL, Jordan K, Blackburn K. 2015. The devel-
opment and psychometric properties of LIWC2015. Austin (TX):
University of Texas at Austin.

18. Tajfel H, Turner J. 1979. An integrative theory of intergroup con-
flict. In: The social psychology of intergroup relations. Palo Alto
(CA): Annual reviews Inc. p. 33–47.

19. Hart RP. 1971. The rhetoric of the true believer. Speech Monogr.
38(4):249–261.

20. van Prooijen J-W, Krouwel AP. 2019. Psychological features
of extreme political ideologies. Curr Dir Psychol Sci. 28(2):
159–163.

21. Zmigrod L, Rentfrow PJ, Robbins TW. 2018. Cognitive underpin-
nings of nationalistic ideology in the context of Brexit. Proc Natl
Acad Sci. 115:201708960.

22. Stagnaro MN, Rand DG. 2021. The coevolution of religious be-
lief and intuitive cognitive style via individual-level selection.
In: Liddle JR, Shackelford TK, editors. Oxford handbook of evolu-
tionary psychology and religion. Oxford: Oxford University Press.
p. 152–173.

23. Ashokkumar A, Pennebaker JW. 2021. Social media conversa-
tions reveal large psychological shifts caused by COVID-19’s on-
set across US cities. Sci Adv. 7(39):eabg7843.

D
ow

nloaded from
 https://academ

ic.oup.com
/pnasnexus/article/1/2/pgac022/6617389 by guest on 30 June 2022

https://academic.oup.com/pnasnexus/article-lookup/doi/10.1093/pnasnexus/pgac022#supplementary-data


Ashokkumar and Pennebaker | 9

24. Boyd RL, Blackburn KG, Pennebaker JW. 2020. The narrative arc:
revealing core narrative structures through text analysis. Sci
Adv. 6(32):eaba2196.

25. Hsu KJ, Babeva KN, Feng MC, Hummer JF, Davison GC. 2014.
Experimentally induced distraction impacts cognitive but not
emotional processes in think-aloud cognitive assessment. Front
Psychol. 5:474.

26. Haslam SA, Van Knippenberg D, Platow MJ, Ellemers N. 2014. So-
cial identity at work: developing theory for organizational prac-
tice. Hove: Psychology Press.

27. Gómez Á, et al. 2011. On the nature of identity fusion: insights
into the construct and a new measure. J Pers Soc Psychol.
100(5):918–933.

28. Talaifar S, et al. 2020. A new pathway to university retention?
Identity fusion with university predicts retention independently
of grades. Soc Psychol Personal Sci. 12:108–117.

29. Vine V, Boyd RL, Pennebaker JW. 2020. Natural emotion vocab-
ularies as windows on distress and well-being. Nat Commun.
11(1):1–9.

30. Ellemers N, Spears R, Doosje B. 2002. Self and Social identity.
Annu Rev Psychol. 53(1):161–186.

31. Gervais WM, Norenzayan A. 2012. Analytic thinking promotes
religious disbelief. Science. 336(6080):493–496.

32. Yaden DB, et al. 2017. The language of religious affiliation. Soc
Psychol Personal Sci. 9:444–452.

33. Ashokkumar A, et al. 2020. Censoring political opposi-
tion online: who does it and why. J Exp Soc Psychol. 91:
104031.

34. Brady WJ, Van Bavel JJ. 2021. Social identity shapes antecedents
and functional outcomes of moral emotion expression in online
networks. OSF Preprints. DOI: 10.31219/osf.io/dgt6u.

35. Phadke S, Samory M, Mitra T. 2021. What makes people join
conspiracy communities? Role of social factors in conspir-
acy engagement. Proc ACM Hum Comput Interact. 4(CSCW3):
1–30.

36. Kern ML, et al. 2016. Gaining insights from social media language.
Psychol Methods. 21(4):507–525.

37. Matz SC, Gladstone JJ, Stillwell D. 2017. In a world of
big data, small effects can still matter. Psychol Sci. 28:
547–550.

38. Götz F, Gosling S, Rentfrow J. 2021. Small effects: the indispens-
able foundation for a cumulative psychological science. Perspect
Psychol Sci. 17:205–215.

39. Mannheimer S, Hull EA. 2018. Sharing selves: developing an eth-
ical framework for curating social media data. Int J Digit Curat.
12(2):196–209.

D
ow

nloaded from
 https://academ

ic.oup.com
/pnasnexus/article/1/2/pgac022/6617389 by guest on 30 June 2022


