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Abstract

The COVID-19 pandemic had a profound impact on business leadership, specifically on
chief executive officers (CEOs). To document the psychological impacts of the pandemic on
corporate leadership, this study analyzed the language of CEOs during company quarterly
earnings calls (N =19,536) one year before and after the onset of the pandemic. Following
the start of lockdowns, CEOs exhibited significant language shifts. Analytic thinking
declined, and their language became less technical and more personal and intuitive. CEOs
also showed signs of increased cognitive load as they grappled with the pandemic’s impact
on their business practices. The study observed a substantial decrease in collective-focused
language (we-usage) among CEOs, indicative of disconnection from their companies. Con-
currently, there was an increase in self-focused (I-usage) language, suggesting heightened
preoccupation among business leaders. The observed language changes reflect the unique
effect of the pandemic on CEOs, which had some notable differences compared to the gen-
eral population. This study sheds light on how the COVID-19 pandemic influenced business
leaders’ psychological states and decision-making strategies—processes that have a sub-
stantial impact on a company’s performance. The findings underscore the importance of lan-
guage data in understanding large-scale societal events.

Introduction

The psychological impacts of the COVID-19 pandemic on corporate
leadership

The 2019 coronavirus (COVID-19) pandemic severely altered the lives of people and compa-
nies across the globe. Over three years later, scientists have begun to document the vast psy-
chological effects the pandemic has had on society [1-5]. Much of this work has relied on
cross-sectional findings, with a growing number of studies beginning to document the pan-
demic’s long-term effects [6]. Few studies have extended this work to organizational leader-
ship, with no studies (to our knowledge) specifically examining how COVID affected the
psychological states of business leaders. As a result, we know surprisingly little about the social
and psychological effects the pandemic has had on the thinking of company leaders. However,
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analyzing their communication in the form of quarterly earnings calls should provide a win-
dow into Chief Executive Officers’ (CEOs) psychological shifts. This is especially important
given how much influence a CEO’s rationale and decision-making has on their company’s per-
formance, and in some cases the greater U.S. economy.

Research has shown that peoples’ psychological states correlate heavily with their commu-
nication styles [7, 8]. For example, individuals have been found to use higher rates of first-per-
son singular and lower rates of first-person plural pronouns when experiencing psychological
distress during social and emotional upheavals [9], while lower usage of articles and preposi-
tions have been linked to more dynamic styles of thinking [10]. With this information in
mind, analyzing CEOs’ communicated responses before, during, and after the start of the pan-
demic may offer insight into how their thinking and focus was affected.

Past studies that examined the effects of short-term upheavals (e.g., natural disasters) have
highlighted changes in people’s focus and cognitive processes [11, 12]. These findings pro-
duced social stage models of coping [13], which show how people navigate said upheavals [14,
15]. Social stage models of coping operate under the assumption that short-term upheavals
often transpire within a few days, allowing people to gather themselves quickly after an
upheaval and navigate the recovery period. In observing the psychological effects of short-
term upheavals using social media data, researchers found that individuals discuss crisis-
related topics during the event and for up to approximately two months after [13, 15]. Yet, the
COVID pandemic has been anything but brief and predictable, as society still reels from the
effects of irregular surges and novel variants three years later.

Pandemics as social upheaval events

Unlike earthquakes or hurricanes, outbreaks of disease often lack an explicit date of conclu-
sion, which can lead to heightened levels of negative emotions, like anxiety, for prolonged peri-
ods. Guntuku et al. [16] found that individuals reported elevated states of loneliness, stress,
and anxiety in social media posts after the declaration of the COVID-19 pandemic as a global
health emergency. Ashokkumar and Pennebaker [17] corroborate these findings using lan-
guage as a proxy for psychological states and track the effects over time. In their examination
of 18 U.S. city subreddits (communities on Reddit) and large-scale survey data, they observed
distinct psychological shifts as the pandemic unfolded. At the pandemic’s onset, there was an
increase in people’s use of anxiety-words and cognitive processing words (language people use
when working through problems of limited understanding), as well as a decrease in analytical
thinking (language that represents logical, hierarchical thinking). Nearly six weeks after the
pandemic’s onset, while large shifts in psychological states had stabilized, there continued to
be shifts in these states around surges of the virus, remaining elevated relative to pre-pandemic
levels. Given the severity of the pandemic, it is reasonable to assume that CEOs’ language
would display similar fluctuations, even if the magnitude of the effects vary compared to the
general population.

The language of CEOs

The ways in which CEOs communicate, as well as cope with upheavals, may be different from
the general population [18], at least when it comes to their public discourse. Some studies sug-
gest that CEOs are a unique set of individuals, such that successful CEOs have a propensity to
score higher on measures of execution, charisma, and strategic focus [18]. However, work by
Pfeffer [19] disputes these kinds of claims. They argue that these qualities do not accurately
capture what leaders and CEOs are actually like, and that these assumptions arise from indi-
viduals’ propensity to view leaders as infallible and omnipotent. These qualities may be

PLOS ONE | https://doi.org/10.1371/journal.pone.0290621

October 11, 2023 2/17


https://doi.org/10.1371/journal.pone.0290621
https://osf.io/sybea/?view_only=5812674bd2ba4f618318bb94725ba443
https://osf.io/sybea/?view_only=5812674bd2ba4f618318bb94725ba443

PLOS ONE

The Effects of COVID-19 Pandemic on CEO Language Change

attributed to their roles necessitating the use of business rhetoric to mask sentiment in their
language [20]. Instead of revealing their true thoughts and feelings in their communication
with shareholders, CEOs may have to present a facade as a representative for their company.
Nevertheless, some of their true feelings may be unconsciously revealed through their verbal
communication. While people have the ability to control their use of content words, function
word usage is much harder to manipulate [20]. Testing if CEOs experienced the pandemic in a
similar or different way to the general population, through examining their language use, may
settle some of these questions or otherwise yield useful insights.

Analytic thinking and cognitive processing. Dealing with the uncertainty of the pan-
demic should affect the ways that CEOs think and communicate their thoughts to analysts and
shareholders via quarterly earnings calls. The increase in anxiety and uncertainty surrounding
the success of their companies may tax their cognitive resources. Past work has found that
when people experience stressful events such as the end of a romantic relationship or natural
disaster, they expend cognitive effort to process the ordeal [9, 13, 15]. Often, people question
why the event is happening, or what they can do to alleviate their distress. As a result of the tax-
ing events of the pandemic, one would expect CEOSs’ cognitive styles to use more immediate,
impulsive decision-making shortcuts [21], rather than organized, logical, and hierarchical
thinking. Two language-based patterns—analytic thinking and cognitive processing—allow
researchers to capture these cognitive styles through people’s language use.

Analytic thinking involves formal, structured thought, which people use to understand and
rationalize complicated problems. It may be interpreted as being calculated, where the person
lays out a problem in a methodical manner. In the context of CEOs, analytic thinking is espe-
cially relevant during earnings calls given their structured format. In these calls, CEOs typically
provide a statement, but also field unscripted questions from analysts and shareholders. Sev-
eral measures of analytic thinking have been linked to written language assessment [22, 23]. In
particular, Pennebaker et al. [24] employed factor analysis on the function words of college
admissions essays, identifying a single factor where articles and prepositions were positively
loaded and pronouns and negations were negatively loaded. Examples of texts with lower ana-
Iytic scores include but are not limited to: speeches and communications of leaders who write
and speak more informally [10, 25] and authors who write about more personal, emotional
topics than more factual ones [26]. The development of the analytic thinking dimension shows
that language analysis has the potential to accurately capture the thinking patterns of groups
and individuals. Pertaining to business leaders, examining analytic thinking around the onset
of the pandemic may elucidate how the pandemic affected their mental organization.

The second system, cognitive processing (or working through), occurs when people are
actively trying to understand issues for which they have limited or no knowledge of. Markers
of cognitive processing include insight words (e.g., understand, meaning), causal words (e.g.,
causes, result), and discrepancy words (e.g., would, should). Pennebaker et al. [27] suggests
that cognitive processing words are often used at higher rates to detail negative events, as peo-
ple attempt to produce a coherent narrative for why an event occurred. Increases in cognitive
processing language have been linked to people in the midst of emotional upheavals [9, 28].
With this in mind, examining changes in CEOs’ cognitive processing language around the
onset of the pandemic has the potential to reveal how their active decision-making unfolded as
they dealt with the crisis.

Collective vs. Self-focused language

During stressful events, individuals often rely on introspection to inform themselves, leading
to increases in stress, anxiety, and rumination [29]. An effective method for tracking an
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individual’s inward focus is by measuring their first-person singular pronouns or self-focused
language usage. Studies have repeatedly found that elevated rates of self-focused language is
associated with the experience of emotional upheavals, distress, and negative emotions [29-
32]. Within the context of leadership research, higher rates of self-focused language have been
associated with increased psychological distance and disconnection when used by people in
positions of power [33]. Therefore, examining self-focused language within our period of
interest may produce a reliable way of tracking CEOs’ internal focus, distress, and preoccupa-
tion with their company and role as the pandemic unfolded.

In order for an organization with a social hierarchy to function effectively, there should be
some sort of cohesion. Kacewicz et al. [34] and Chung and Pennebaker, [35] highlight these
social hierarchies through the analysis of first-person plural pronouns or collective-focused lan-
guage. Individuals of higher status use higher rates of collective language relative to their lower
status peers, which is often related to increases in employee involvement and satisfaction [36,
37]. Conversely, leaders with lower usage can be perceived as uninvolved, cold, calloused, and
disconnected [33, 38]. As a result, examining how collective-focused language varies may
show how changes in CEOs’ interconnectedness with their companies varied as a function of
the pandemic.

Tracking psychological states with text analysis. In an age where human lives are
immersed with technology and text data are readily available (e.g., audio transcripts, tweets,
etc.), new methods for studying human behavior have emerged. The study of language using
archival data has made it possible to observe the impact of large-scale events on people’s
thought processes and social behaviors on a level that was near impossible a few decades ago
[39]. In the present study, we analyzed the quarterly earnings calls from over 2,300 publicly
traded companies on the New York Stock Exchange between March 2019 and March 2021.
Earnings calls are unique in that they can be used as proxies for CEOs’ cognition, offering
insight into their own thinking. In these calls, business analysts often present CEOs with ques-
tions that they are not fully prepared for. This prevents CEOs from relying on ‘pre-baked’
responses, providing relatively ‘organic’ speech patterns. As it is not possible to access the
internal communications of most organizations, these calls provide a unique way to observe
how CEOs communicate their decision-making to others. As a result, we pose the following
research questions: (i) How did changes in CEO’s attention and cognitive styles relate to the
onset of the pandemic? (ii) How do these changes compare to past upheaval research? (iii) Do
changes in CEOs’ language follow that of the general public during our period of interest?

Comparing CEO language before the pandemic with language used during and after lock-
down will allow us to estimate the relative magnitude of the pandemic’s impacts. The following
set of hypotheses are posed:

1. There should be a decrease in CEOs’ analytic thinking immediately after the start of the
pandemic, because they are more likely to be looking inward to grapple with their compa-
nies’ challenges as the pandemic unfolds. That is, CEOs’ thinking patterns will become
more informal and unstructured (quantitatively the opposite of the analytic thinking
dimension).

2. CEOs¢’ thinking should become more dynamic and less organized as the pandemic unfolds,
as they craft responses to the novel, complex obstacles presented by the pandemic. This
increase in unstructured thought will be captured in CEOs’ increased use of cognitive pro-
cessing words.

3. CEOs’ thinking will become more self-focused after the start of the pandemic. The pan-
demic was a stressful experience and likely led to increases in psychological distress and
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distancing among CEOs, which can be captured by higher rates of first-person singular pro-
nouns (i.e., self-focused language).

4. CEOs’ thinking will become less collective-focused after the start of the pandemic. Specifi-
cally, we expect collective-focused language, as measured by rates of first-person plural pro-
nouns, to decrease when the pandemic occurs and gradually increase in the months
following the pandemic. These decreases may be indicative of disjointed decision-making,
uncertainty, and social isolation caused by the pandemic.

Methods
Data & materials

CEO dataset. To assess the effect the pandemic had on CEOs, the current study relied on
archival data from a sample of company quarterly earnings calls, which are sessions required
by the U.S. Securities and Exchange Commission. Using the Finnhub API, all unscripted earn-
ings calls for companies on the New York Stock Exchange between January of 2006 and
March of 2021 were extracted (N = 79,725 transcripts; N = 4,707 CEOs). Due to the low vol-
ume and temporal resolution of data before 2010, we excluded data from 2006-9 in our
analyses.

To answer our main research questions, we constructed a sub-sample of all companies in
the database ranging from March 2019 to March 2021 to acquire one year of data before and
after lockdowns in the US. Transcripts of less than 25 words were excluded from analyses,
which is a common cutoff for bag-of-words text analysis approaches like the one our team
used (N = 191 transcripts excluded). The final sample was composed of 19,536 transcripts
from 3,044 CEOs. Although it is difficult to obtain precise information about the demograph-
ics of individual CEOs, aggregated demographic information from previous research [40] sug-
gests that CEOs are largely upper middle class, white males, in middle to late adulthood [41].

Reddit dataset. To understand how the pandemic impacted the psychological processes
of the general population in comparison with CEOs, we relied on the social news and discus-
sion website Reddit. Around 12 million unique users visit Reddit daily to participate in forums
(subreddits) related to their interests and hobbies [40]. Reddit contains city-related subreddits,
where people can talk about issues pertaining to that specific city. The current study extracted
submissions and comments from US city subreddits that were posted between January 2016
and April 2021. We selected subreddits with at least 50,000 subscribers and were geographi-
cally dispersed across the US. This extracted dataset consisted of 33.7 million posts from 1.37
million users across 22 US city subreddits: r/Atlanta, r/Austin, r/Baltimore, r/boston, r/Char-
lotte, r/Chicago, r/Columbus, r/Dallas, r/Houston, r/LosAngeles, r/Minneapolis, r/nashville, r/
newyorkcity, r/nyc, r/NewOrleans, r/Philadelphia, r/phoenix, r/Portland, r/sandiego, r/Seat-
tleWA, r/StLouis, r/tampa, r/twincities, r/washingtondc. From the extracted dataset, we con-
structed a sub-sample of all posts ranging from March 2019 to March 2021 to compare shifts
in the Redditors’ language to that of CEOs. Similar to the CEO dataset, posts of less than 25
words were excluded from analyses [N = 16,681,591 posts excluded] to reduce noise when ana-
lyzing the data. The final sample was composed of 10,738,506 posts from 833,172 redditors.
Reddit data was obtained using the Pushshift application programming interface [42].
Although it is difficult to obtain precise information about the demographics of individual red-
dit users, aggregated demographic information from previous surveys suggests Reddit users
are 60-70% male with a mean age of 22-34 years old [40].
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Text analysis procedure

The earnings call transcripts were primarily analyzed using the text analysis program LIWC-
22 (Linguistic Inquiry and Word Count 2022 [43]. LIWC is an automated, dictionary-based,
text analysis program that calculates the percentage of words in a text that pertains to different
social, psychological, and linguistic categories. The goal of the study was to measure CEOs’
changes in language in the 12 months before and after the start of the pandemic. The analysis
focuses on the following LIWC categories: analytic thinking, cognitive processing words, self-
focused language (I-words), and collective-focused language (we-words). For text samples
high on each dimension please see S1 File.

Analytic thinking is a standardized measure in LIWC, ranging from 0 to 100, with higher
scores indicating higher levels of analytic thinking. Samples higher in analytic thinking possess
higher rates of articles and prepositions, indicating references to objects, ideas, and linkages
between them [24]. It is also related to more formal, structured, and impersonal language,
which reflect logical, formal, and hierarchical thinking [25]. Texts with lower scores in analytic
thinking have higher base rates of pronouns, adverbs, auxiliary verbs, negations, and conjunc-
tions, which is associated with more here-and-now, narrative thinking [26].

Unlike analytic thinking, which is a standardized measure, the remaining dimensions indi-
cate the percentage of total words in a text corresponding to that category. Cognitive process-
ing includes words related to conceptualizing and understanding events (e.g., think, because,
perhaps), and reflect attempts to understand or work through complex problems. Self-focus is
measured by the usage of first-person singular pronouns. Collective-focus is measured through
the use of we-words (i.e., first person plural pronouns). While only four dimensions from
LIWC-22 are presented in main analyses, results from additional dimensions of interest are
provided in the S1 File.

Results
Reference point for the pandemic

The linguistic patterns of CEOs were examined for up to a year before and after the onset of
the COVID-19 pandemic in March of 2020. A reference point of March 2019 was established
as a comparison time point for each hypothesis to capture pre-COVID language trends 12
months before the pandemic lockdowns started in the US. CEOs’ did not actively begin dis-
cussing COVID until January of 2020, and it eventually became a prominent discussion topic
by March of that year. Fig 1 depicts graphical trends for language categories corresponding to
analytic thinking, cognitive processes, collective-focus, and self-focus. Means for each language
dimension were calculated by month to capture fluctuations in their language use as the pan-
demic rapidly unfolded (see S1 File for details on analytic strategy). To analyze language shifts
in CEOs, Welch’s paired t-tests were conducted to compare the established reference point of
March 2019 against each month in the period of interest. Welch’s paired t-tests were used to
account for an unequal number of calls in each month, as earnings calls can occur at any point
throughout a fiscal quarter. Each month after lockdowns started was also compared to the pre-
vious month to test whether there were significant month-to-month changes. Please see the
project’s OSF site: https://osf.io/sybea/?view_only=5812674bd2ba4f618318bb94725ba443 for
de-identified data and analysis scripts.

Analytic thinking. As seen in Fig 1, CEOs’ language became the most unstructured and
informal immediately following lockdown in March 2020. Levels of analytic thinking largely
remained below pre-pandemic levels in the subsequent months, consistent with our prediction
that there would be decreases in analytic thinking after the onset of the pandemic. Significant
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decreases in analytic thinking, relative to the baseline, emerged in April [t(623.94) = 5.777,
p < 0.001, d = 0.395], the month after lockdowns began. Month-to-month decreases in ana-
Iytic thinking after lockdown persisted into August of 2020 [t(200.57) = -2.212, p < 0.05,d =
-0.162] and began to stabilize by September 2020 [t(218.93) = -1.687, p = 0.093, d = -0.148;
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hereafter only Cohen’s d are reported for the sake of brevity, see S1 File for full results]. How-
ever, after several months of stability, levels of analytic thinking decreased again in January of
2021 (d = 0.268), following the COVID surge of Winter 2020.

Cognitive processing. There were increases in CEOs’ usage of cognitive processing after
the onset of the pandemic. Increases in cognitive processing words relative to the baseline
emerged in March of 2020, as lockdown occurred (d = -0.107). Month-to-month increases
persisted into July, where they were strongest (d = -0.320). Cognitive processing usage began
to decrease in September of 2020 (d = 0.344), but remained elevated relative to baseline levels
until the end of our dataset, never returning to pre-pandemic levels. The observed changes in
cognitive processing were consistent with our prediction: rates of cognitive processing words
in CEOs’ language would increase after lockdown.

Self-focused language. Increases in CEOs’ self-focused language-relative to the baseline-
emerged after lockdown and became statistically significant in April of 2020 (d = -0.356; see
Fig 1). This finding offers support for our prediction that CEOs would use higher rates of self-
focused language after the start of the pandemic. In terms of monthly changes, CEOs’ use of
self-focused language decreased in May (d = 0.190) and June (d = 0.200) of 2020. As captured
in Fig 1, changes in self-focused language continued to fluctuate in a cyclical manner over the
next several months until the end of the dataset period, but stayed above March 2019 levels
(see Fig 1). These results were consistent with our third hypothesis, as CEOs’ use of self-
focused language increased after the start of the pandemic.

Collective-focused language. CEOs’ usage of collective-focused language decreased rela-
tive to the baseline after the pandemic began, becoming statistically significant in April
(d = 0.223; see Fig 1). In observing monthly changes, collective-focused language began to
increase in June (d = -0.259), yet decreased again in August (d = 0.250), with the strongest
decreases in collective language occurring in October (d = 0.292). Month-to-month changes in
CEO collective-focused language were no longer significant after November 2020 (d = -0.013),
yet continued to remain below baseline levels in the subsequent months (see Fig 1). The
observed changes in collective-focused language supported the fourth hypothesis, which was
that collective language usage would decrease when the pandemic first occurred.

Do changes in CEOs’ language follow that of the general public?. Changes in the lan-
guage of CEOs appeared to follow that of the Reddit data across the cognitive language dimen-
sions (r anaytic = -60, p <0015 I'ogproc = 0.57, p = 0.002), which captures how CEOs and the
general population followed similar trends in their thinking across our period of interest. Like
that of the CEOs, Reddit users’ language became the most unstructured and informal immedi-
ately following lockdown in April 2020 (d = 0.146), also failing to return to pre-pandemic lev-
els in the subsequent months. There were also increases in Reddit users’ usage of cognitive
processing after lockdown in (d = -0.031), which remained above baseline levels similar to the
CEOs. While overall use of self-focused language between CEOs and Redditors was unrelated
(r=-0.12, p = 0.57), increases in Redditors’ use of self-focused language also emerged in April
2020 (d = -0.025; see Fig 1), same as that of CEOs. Interestingly, there were stark differences
between the Redditors and CEOs regarding collective-focused language use (r = - 0.68, p <
.001). Unlike CEOs, Redditors experienced an increased use of collective-focused language
after the pandemic began in April (d = -0.156). This was a marked difference from CEOs, who
observed strong decreases across the period of interest (see Fig 1). The observed discrepancies
in collective-focused language capture the unprecedented effects that the pandemic had on the
fabric of business culture. At a time where most people were considering their personal well-
being as well as that of their close friends and family, business leaders were additionally grap-
pling with the fate of their companies in a completely new economic climate. Yet, this seemed

PLOS ONE | https://doi.org/10.1371/journal.pone.0290621 October 11, 2023 8/17


https://doi.org/10.1371/journal.pone.0290621

PLOS ONE

The Effects of COVID-19 Pandemic on CEO Language Change

to have caused them to decrease in their collective-focused thinking, unlike what happened
with the general public.

Post hoc question

Psychological impacts of COVID-19 compared to across the decade. The results of our
primary analyses raised an additional line of inquiry. That is, how did changes in CEOs’ lan-
guage during the pandemic compare to the language changes of the past decade? Were there
disruptive business events in the past that could have caused language changes of similar mag-
nitude to that experienced during the pandemic? To answer these questions, a larger range of
dates was considered: 79,068 transcripts for 4,906 CEOs from January of 2010 to March of
2021. The resulting dataset contained 48 quarterly means ranging from 2010 to 2021. Fig 2
depicts the quarterly means for the focal language dimensions of interest. Quarterly means
were calculated to avoid overweighting any particular month due to the irregular scheduling
of calls earlier in the decade. In comparison to the average observed effects of events from Q1
0f 2010 to Q4 of 2019, the effects observed at the start of the pandemic (Q1 2020) were sub-
stantially greater across the analytic thinking, cognitive processing, and collective focus dimen-
sions. However, these shifts were not as strong when examining the self-focused language
dimension. This may be the product of analysts consistently pressing CEOs to answer ques-
tions from their own, unique perspective, rather than that of the company’s. Collectively, these
findings show that the shifts in CEOs’ thinking and focus, fueled by the pandemic, were unlike
anything business leaders had encountered in recent history. This also applies to the general
public, who experienced language and psychological shifts unlike anything in the last five
years, as others have reported before (see Ashokkumar & Pennebaker 2021 for a more detailed
analysis of the language shifts experienced by the general public due to the pandemic).

Discussion

Beyond its physical and mental health impacts, the pandemic has had profound psychological
implications for how CEOs organize and interact with their worlds. Utilizing real-world lan-
guage data, we illustrate the pandemic’s effects on CEOs’ natural cognitive patterns and atten-
tion allocation and how these effects compare to a more general sample. Similar to past
language research that has studied the psychological effects of the pandemic on the general
public [e.g., 16, 17, 44], psychological disruptions emerged immediately following the onset of
the pandemic. Contrasting CEOs’ language during the period of interest with the previous
decade suggests that the psychological impact of COVID-19 on business leaders was greater
than anything the business world has experienced in recent history.

Cognitive systems

Consistent with our first hypothesis, we observed decreases in analytic thinking in April of
2020 immediately following lockdown. This has value in capturing how this event severely
affected the cognitive equilibrium of CEOs as they communicated with shareholders and ana-
lysts. For example, previous studies linked lower levels of analytic thinking to poorer academic
performance and less hierarchical trains of thought [24, 25]. Decreases in CEOs’ analytic
thinking suggests they were unable to organize their world in a structured manner and that
their decision-making process was inhibited. Our results extend past psycholinguistic work on
the effect of upheavals [9, 44, 45] to that of CEOs, as both CEOs and Reddit users experienced
large decreases in analytic thinking following lockdown.

CEOs’ use of cognitive processing words were also affected, increasing after the onset of the
pandemic, consistent with our second hypothesis and past work [9, 44, 45]. While changes in
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Fig 2. CEOs’ language change over the decade. Change in language patterns of Reddit users and CEOs before and after the pandemic. The red line represents
Reddit post history in the displayed time range (N = 33.7 million posts). The blue line refers to all CEO transcripts in the displayed time range (N = 79,725
transcripts). The vertical Line Represents the onset of the pandemic. Each point is the average score across CEOs (N = 4,707 CEO) and Redditors (N = 1.37
million) at that time block (1 quarter intervals; 3 months). The horizontal shaded areas are 95% ClIs for each datapoint, vertical shading represent virus surges.
The self-focused language is measured using I-words and collective-focused using we-words. Effect sizes presented are the average effect size at 5 and 10 years

for the CEO dataset.
https://doi.org/10.1371/journal.pone.0290621.g002
cognitive processing language levels stabilized after October 2020, they remained elevated rela-
tive to pre-pandemic levels—following a similar pattern to that of Reddit users. These shifts
highlight the prolonged cognitive load that executives were experiencing, similar to that of the

PLOS ONE | https://doi.org/10.1371/journal.pone.0290621 October 11, 2023 10/17


https://doi.org/10.1371/journal.pone.0290621.g002
https://doi.org/10.1371/journal.pone.0290621

PLOS ONE

The Effects of COVID-19 Pandemic on CEO Language Change

general US population, whose language showed similar shifts. The increases in cognitive pro-
cessing language suggest that while CEOs were able to deal with the initial shock of the pan-
demic and lockdown, they still struggled to adapt to the persistent challenges COVID
presented even up to a year later.

Taken together, the analyses of cognitive language display shifts in the ways CEOs were
thinking as the pandemic unfolded. The fluctuation in analytic and cognitive processing
words reveal two dynamic cognitive systems that CEOs used to navigate the pandemic. This
sheds light on how CEOs process novel, stressful events and actively work through them to
produce viable solutions for their companies, as well as how these methods were inherently
different than that of the average person. For example, cognitive processing increased more
for CEOs than the general population, which captures the high stress nature of their jobs dur-
ing this period. There was also a smaller reduction in CEOs’ analytic thinking compared to the
general public, which captures how CEO language was not as unstructured in our period of
interest—a function of the required formality in earnings calls. Our findings reinforce how
CEOs continued to grapple with the effects of the pandemic up to a year later, as levels of ana-
lytic thinking and cognitive processing did not return to pre-pandemic baseline levels by the
end of our dataset. Unlike Redditors, CEOs cannot just worry about themselves and their
immediate family and friends; they must also consider the financial well-being of their com-
pany and stakeholders. Tracking these individuals’ language may help to reveal subconscious
disruptions in their thinking during stressful situations, which can often be masked in their
rhetoric. The disruption of thought patterns are illustrated by the following excerpts from
earnings calls presented in Table 1.

Attentional focus

In addition to changes in CEOs’ thinking, their attentional focus also shifted, as seen in their
use of first-person pronouns. We observed large reductions in collective-focused language,
particularly in October 2020, and this remained below pre-pandemic levels for a year, aligning
with our fourth hypothesis. The decline in collective-focused language suggests that CEOs’
decision-making and rationalization were detached from their company and employees

Table 1. LIWC dimensions of interest example.

LIWC Example
Dimension Text
Analytic Example 1 | “...Ithink as we sit here we feel like we have really good results from operations
Thinking and feel like every quarter it’s going to be a very positive EBITDA quarter every
quarter of 2020. So that said, obviously COVID-19 issue is evolving almost every
hour or so...”
Example 2 “I mean, we saw the same thing back when the financial crisis of 2008 occurred, it
turned out to be a blip for us...”
Cognitive Example 1 | “...I think as we sit here we feel like we have really good results from operations
Processing and feel like every quarter it’s going to be a very positive EBITDA quarter every
quarter of 2020. So that said, obviously COVID-19 issue is evolving almost every
hour or so...”
Example 2 | “I mean, we saw the same thing back when the financial crisis of 2008 occurred,

it turned out to be a blip for us...”

Note. Words in bold result in higher scores for the respective LIWC Dimension. Analytic thinking is the only LIWC
dimension presented that is a bidirectional dimension. The words in bold would cause analytic thinking scores to be
higher, with the words in italics causing the scores to be lower. For cognitive processing, higher scores indicate that a

greater % of words pertaining to that category was present in the sample.

https://doi.org/10.1371/journal.pone.0290621.t001
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during this period. Previous research offers support for this finding, as decreased use of collec-
tive-focused language by leaders has been linked to lack of involvement and disconnection
[33, 34], as well as lower overall employee satisfaction and engagement [37]. The decrease in
collective-focus language was inconsistent with that of the Reddit dataset, which experienced
an increase post-March 2020. This discrepancy, perhaps, underscores the stark differences in
attentional shifts between CEOs and that of the general public, while also capturing how
unprepared business leaders were for the unprecedented effects of the pandemic in the spring
and summer of 2020.

We also noticed a rise in CEO self-focused language compared to the baseline immediately
after the pandemic began, similar to that of the general public. Increases in self-focused lan-
guage were observed in April, July, and October 2020, with the largest increase in February
2021, aligning with our third hypothesis. These increases may indicate that CEOs experienced
high levels of stress and a sense of detachment from their company during these periods when
the virus was spreading rapidly. Our finding is consistent with previous studies [31, 32], which
linked higher rates of self-focused language to increased distress and negative emotions. In the
context of leadership research, greater usage of self-focused language has been associated with
psychological distance, lack of warmth, and disconnection [33]. However, it’s important to
note that the changes in CEOs’ self-focused language appeared to follow a cyclical trend and
were rather noisy relative to that of the Reddit dataset. Observed changes in self-focused lan-
guage also occurred every other month or so, differing from the other three language variables
we examined. The observed fluctuations may suggest that factors other than the pandemic
influenced these shifts, or may have been the product of the quarterly earnings call format,
which lacks the temporal resolution of data from large social media platforms (e.g., Twitter).

Collectively, examining shifts in first-person pronouns aided in our understanding of
CEOs’ attentional shifts as a function of a global pandemic. Indeed, changes in these two atten-
tion types help to capture the level of discord that the pandemic incited in the organizational
leadership of companies, as well as some distinct qualities relative to the general public. Our
findings indicate the pandemic may have not unified the business world, unlike other forms of
upheaval [46, 47]. In fact, the pandemic appears to have divided businesses and their leader-
ship, captured by large decreases in collective focus language post-pandemic, which also did
not return to baseline in our period of interest. These large shifts may have been the product of
the uncertainty and novelty surrounding the pandemic. In examining self-focus language,
there were increases relative to baseline immediately after the pandemic began, yet these trends
became rather cyclical post-lockdown. The large increases in self-focus language revealed
CEOs’ potential high levels of stress and a sense of detachment from their company when the
novel-virus was first spreading rapidly. Tracking how these individuals’ attention changes
when experiencing stressful events, via language analysis, may help scientists to better under-
stand how CEOs’ internal focus and distress changes as they experience these events.

Post hoc findings

To date, most upheaval research has focused on specific events that had major impacts on a
general group of people over a relatively brief time. Our analysis of CEOs’ language across the
decade suggests that the pandemic had a unique effect on how the business leaders of the
world carried out their responsibilities. Our findings also demonstrate that the pandemic was
unlike anything company leaders have encountered between 2011-2021. The closest example
of an equivalent crisis for business leaders was the financial crisis of 2007-8, but unfortunately
there was not enough CEO transcript data dating back to that time to do a proper comparison.
Arguably, the pandemic is an upheaval that surpasses the magnitude of the financial crisis of
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2007-8, given its widespread impacts on the general population, beyond just financial matters
and how it completely altered societal functioning. As a result, CEOs have been playing catch-
up since March of 2020, attempting to actively solve problems for an event for which there is
no script or road map. Taken with our main findings, our post hoc findings demonstrate the
value in using language data to understand large-scale societal events. In the future, similar
techniques may permit scientists to better understand executive leaderships’ cognition as ‘once
in a lifetime’ events become more common.

Limitations, and future directions

The present study has a number of strengths including a strong theoretical base, utilization of
valid language analysis techniques, and high external validity due to the use of large-scale social
media data. However, it is important to note that this study was not without its limitations. The
temporal analysis focused on large publicly-traded companies. As such, it is not informative
regarding the psychological effects of COVID on smaller or privately-traded businesses. Addi-
tionally, it is important to note the period of interest in the study overlaps with some other
large-scale national events such as the Black Lives Matter protests in the Summer of 2020 fol-
lowing the killing of George Floyd, the 2020 US presidential election, and the January 6th Capi-
tol riots. While the observed effects in our study appear strongest with surges of the virus, it is
important to acknowledge the presence of other events—and their potential effects—in the
period of interest. While using LIWC allows for the exploration of psychological states via text
analysis, it is not without its limitations. As a closed vocabulary approach, its internal dictionar-
ies are not exhaustive. LIWC also does not consider the context in which words are used [48]
unlike large language models [LLM] such as Bidirectional Encoder Representations from Trans-
formers [commonly referred to as BERT; 49] or Generative Pre-trained Transformer [the LLM
developed by OpenAl that powers the chatbot ChatGPT; 50]. While these LLMs provide more
accurate results when it comes to context-specific settings, they are computationally intensive
and harder to interpret compared to the LIWC method, which is more accessible. Lastly, this
study largely examined the psychological impacts on the CEOs without probing individual dif-
ferences (e.g., race and gender) due to the lack of demographic information. Since past research
has shown gender differences in language use [51] as well as leadership style [52], future
research should explore individual differences in the observed psychological effects.

While the current study provides insight regarding the psychological effects of COVID on a
novel sample, there are a number of future research avenues that may be particularly valuable.
One such avenue is testing whether the observed effects replicate when companies are split
into their respective sectors. Vetting sector-level effects would be especially interesting given
that different sectors experienced different magnitudes of financial hardships when the econ-
omy crashed in March of 2020. In addition, testing for gender differences in CEOs language
may be worthwhile. There are unique gender differences in language [51], such that women
tend to use more words related to psycho-social processes. On the other hand, men display a
tendency to orient themselves to object properties and impersonal topics. Gender difference
exploration should be coupled with the growing body of literature exploring gender differ-
ences in leadership styles and leadership styles [52, 53]. These two extensions may one day
help to capture individual differences in the effective rhetoric of business leaders. Lastly, we
encourage future researchers to test the relationship between a company’s CEO and their mar-
ket value on the Stock Exchange. Identifying this relationship has the potential to help
researchers better understand the degree to which CEOs’ oration is driven by their companies’
financial standing on the open market.
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The use of open-sourced data on platforms such as Finnhub, Reddit, Twitter, and Facebook
enables researchers to observe human behavior using large sample sizes. Our study of almost
5,000 CEOs across 2,300 companies (supplemented with 10.7 million Reddit posts from over
833,000 redditors across 22 U.S. subreddits) highlight the merit of using language analysis to
gain insights on leaders’ decision-making, as well as how these trends compare to that of the
general public. Within weeks of crises unfolding, it was possible to identify large shifts in busi-
ness leaders’ thinking at the time of crisis, something never before accomplished on this scale.
Our design also allowed us to identify the length of time that these disruptive changes lasted,
on average lasting for 7 months. For example, increases in cognitive processing language and
decreases in analytic thinking post-lockdown highlight the increased cognitive load and distri-
bution in structured thought that CEOs were experiencing. There is a growing body of litera-
ture on the potential disruptions that cognitive load and reduced working memory have on
decision-making, work performance, and other important cognitive outcomes [54]. A key
contribution of our work is that it underscores the power of using language data to see how
collective upheavals, like the pandemic, affect business leadership. More importantly, it allows
researchers to track how upheavals influence the ways that CEOs think and make decisions, as
well as the effect these changes may have on the performance of their companies and the
greater global economy.

Supporting information

S1 File. Supporting information.
(DOCX)

Acknowledgments

We thank James Pennebaker and the Pennebaker Lab, Kate Blackburn, Mia Carranza, Danielle
Cosme, and Emily Falk for their feedback on earlier versions of the manuscript. Additionally,
we thank Michael Durland for his assistance with procuring the data.

Author Contributions

Conceptualization: Steven Mesquiti.

Data curation: Steven Mesquiti.

Formal analysis: Steven Mesquiti, Sarah Seraj.
Investigation: Steven Mesquiti, Sarah Seraj.
Methodology: Steven Mesquiti, Sarah Seraj.
Supervision: Sarah Seraj.

Visualization: Steven Mesquiti.

Writing - original draft: Steven Mesquiti, Sarah Seraj.

Writing - review & editing: Steven Mesquiti, Sarah Seraj.

References

1. RossiR, Socci V, Talevi D, Mensi S, Niolu C, Pacitti F, et al. COVID-19 Pandemic and Lockdown Mea-
sures Impact on Mental Health Among the General Population in Italy. Front Psychiatry. 2020; 11: 790.
https://doi.org/10.3389/fpsyt.2020.00790 PMID: 32848952

PLOS ONE | https://doi.org/10.1371/journal.pone.0290621 October 11, 2023 14/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0290621.s001
https://doi.org/10.3389/fpsyt.2020.00790
http://www.ncbi.nlm.nih.gov/pubmed/32848952
https://doi.org/10.1371/journal.pone.0290621

PLOS ONE

The Effects of COVID-19 Pandemic on CEO Language Change

10.

11.

12

13.

14.

15.

16.

17.

18.
19.

20.

21.

22,

23.
24,

Fitzpatrick KM, Harris C, Drawve G. Fear of COVID-19 and the mental health consequences in Amer-
ica. Psychol Trauma. 2020; 12: S17-S21. https://doi.org/10.1037/tra0000924 PMID: 32496100

Holman EA, Thompson RR, Garfin DR, Silver RC. The unfolding COVID-19 pandemic: A probability-
based, nationally representative study of mental health in the United States. Sci Adv. 2020; 6:
eabd5390. https://doi.org/10.1126/sciadv.abd5390 PMID: 32948511

Shaw P, Blizzard S, Shastri G, Kundzicz P, Curtis B, Ungar L, et al. A daily diary study into the effects
on mental health of COVID-19 pandemic-related behaviors. Psychol Med. 2021; 1-9. https://doi.org/10.
1017/S0033291721001896 PMID: 37132649

Kang Y, Cosme D, Pei R, Pandey P, Carreras-Tartak J, Falk EB. Purpose in life, loneliness, and protec-
tive health behaviors during the COVID-19 pandemic. Gerontologist. 2021; 61: 878—887. https://doi.
org/10.1093/geront/gnab081 PMID: 34125195

Luchetti M, Lee JH, Aschwanden D, Sesker A, Strickhouser JE, Terracciano A, et al. The trajectory of
loneliness in response to COVID-19. Am Psychol. 2020; 75: 897-908. https://doi.org/10.1037/
amp0000690 PMID: 32567879

Tausczik YR, Pennebaker JW. The Psychological Meaning of Words: LIWC and Computerized Text
Analysis Methods. J Lang Soc Psycho. 2010; 29: 24-54. hitps://doi.org/10.1177/0261927X09351676

Mitchell MA, Capron DW, Raines AM, Schmidt NB. Reduction of cognitive concerns of anxiety sensitiv-
ity is uniquely associated with reduction of PTSD and depressive symptoms: A comparison of civilians
and veterans. J Psychiatr Res. 2014; 48: 25-31. https://doi.org/10.1016/j.jpsychires.2013.10.013
PMID: 24211025

Seraj S, Blackburn KG, Pennebaker JW. Language left behind on social media exposes the emotional
and cognitive costs of a romantic breakup. Proc Natl Acad Sci USA. 2021; 118: e2017154118. https:/
doi.org/10.1073/pnas.2017154118 PMID: 33526594

Jordan KN, Pennebaker JW, Ehrig C. The 2016 US presidential candidates and how people tweeted
about them. SAGE Open. 2018; 8: 2158244018791218.

Nolen-Hoeksema S, Morrow J. A prospective study of depression and posttraumatic stress symptoms
after a natural disaster: the 1989 Loma Prieta Earthquake. J Pers Soc Psychol. 1991; 61: 115. https:/
doi.org/10.1037//0022-3514.61.1.115 PMID: 1890582

Silver RC, Holman EA, Mclntosh DN, Poulin M, Gil-Rivas V. Nationwide longitudinal study of psycholog-
ical responses to September 11. Jama. 2002; 288: 1235—1244. https://doi.org/10.1001/jama.288.10.
1235 PMID: 12215130

Pennebaker JW, Harber KD. A Social Stage Model of Collective Coping: The Loma Prieta Earthquake
and The Persian Gulf War. J Soc Issues. 1993; 49: 125-145. https://doi.org/10.1111/j.1540-4560.1993.
tb01184.x

Jones NM, Silver RC. This is not a drill: Anxiety on Twitter following the 2018 Hawaii false missile alert.
Am Psychol. 2020; 75: 683. https://doi.org/10.1037/amp0000495 PMID: 31343186

Rimé B, Paez D, Basabe N, Martinez F. Social sharing of emotion, post-traumatic growth, and emo-
tional climate: Follow-up of Spanish citizen’s response to the collective trauma of March 11th terrorist
attacks in Madrid. Eur J Soc Psychol. 2010; 40: 1029—1045. https://doi.org/10.1002/ejsp.700

Guntuku SC, Sherman G, Stokes DC, Agarwal AK, Seltzer E, Merchant RM, et al. Tracking mental
health and symptom mentions on Twitter during COVID-19. J Intern Med. 2020; 35: 2798-2800. https://
doi.org/10.1007/s11606-020-05988-8 PMID: 32638321

Ashokkumar A, Pennebaker JW. Social media conversations reveal large psychological shifts caused
by COVID-19’s onset across US cities. Sci Adv. 2021; 7: eabg7843.

Kaplan SN, Sorensen M. Are CEOs Different? J Finance. 2021; 76: 1773—-1811.

Pfeffer J. Why the assholes are winning: Money trumps all. Journal of Management Studies. 2016; 53:
663—669.

Craig R, Amernic J. Exploring signs of hubris in CEO language. In: Communication and language analy-
sis in the corporate world. |Gl Global; 2014. p. 69-88.

Kahneman D. Thinking, fast and slow. Macmillan; 2011.

Mehrabian A, Wiener M. Non-immediacy between communicator and object of communication in a ver-
bal message: application to the inference of attitudes. J Consult Psychol 1966; 30: 420. https://doi.org/
10.1037/h0023813 PMID: 5916875

Biber D. A typology of English texts. 1989.

Pennebaker JW, Chung CK, Frazee J, Lavergne GM, Beaver DI. When Small Words Foretell Academic
Success: The Case of College Admissions Essays. Gong Q, editor. PLoS ONE. 2014; 9: e115844.
https://doi.org/10.1371/journal.pone.0115844 PMID: 25551217

PLOS ONE | https://doi.org/10.1371/journal.pone.0290621 October 11, 2023 15/17


https://doi.org/10.1037/tra0000924
http://www.ncbi.nlm.nih.gov/pubmed/32496100
https://doi.org/10.1126/sciadv.abd5390
http://www.ncbi.nlm.nih.gov/pubmed/32948511
https://doi.org/10.1017/S0033291721001896
https://doi.org/10.1017/S0033291721001896
http://www.ncbi.nlm.nih.gov/pubmed/37132649
https://doi.org/10.1093/geront/gnab081
https://doi.org/10.1093/geront/gnab081
http://www.ncbi.nlm.nih.gov/pubmed/34125195
https://doi.org/10.1037/amp0000690
https://doi.org/10.1037/amp0000690
http://www.ncbi.nlm.nih.gov/pubmed/32567879
https://doi.org/10.1177/0261927X09351676
https://doi.org/10.1016/j.jpsychires.2013.10.013
http://www.ncbi.nlm.nih.gov/pubmed/24211025
https://doi.org/10.1073/pnas.2017154118
https://doi.org/10.1073/pnas.2017154118
http://www.ncbi.nlm.nih.gov/pubmed/33526594
https://doi.org/10.1037//0022-3514.61.1.115
https://doi.org/10.1037//0022-3514.61.1.115
http://www.ncbi.nlm.nih.gov/pubmed/1890582
https://doi.org/10.1001/jama.288.10.1235
https://doi.org/10.1001/jama.288.10.1235
http://www.ncbi.nlm.nih.gov/pubmed/12215130
https://doi.org/10.1111/j.1540-4560.1993.tb01184.x
https://doi.org/10.1111/j.1540-4560.1993.tb01184.x
https://doi.org/10.1037/amp0000495
http://www.ncbi.nlm.nih.gov/pubmed/31343186
https://doi.org/10.1002/ejsp.700
https://doi.org/10.1007/s11606-020-05988-8
https://doi.org/10.1007/s11606-020-05988-8
http://www.ncbi.nlm.nih.gov/pubmed/32638321
https://doi.org/10.1037/h0023813
https://doi.org/10.1037/h0023813
http://www.ncbi.nlm.nih.gov/pubmed/5916875
https://doi.org/10.1371/journal.pone.0115844
http://www.ncbi.nlm.nih.gov/pubmed/25551217
https://doi.org/10.1371/journal.pone.0290621

PLOS ONE

The Effects of COVID-19 Pandemic on CEO Language Change

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

M,

42,

43.

44,

45.

46.

Jordan KN, Sterling J, Pennebaker JW, Boyd RL. Examining long-term trends in politics and culture
through language of political leaders and cultural institutions. Proc Natl Acad Sci 2019; 116: 3476—
3481. https://doi.org/10.1073/pnas.1811987116 PMID: 30808741

Boyd RL, Blackburn KG, Pennebaker JW. The narrative arc: Revealing core narrative structures
through text analysis. Sci Adv. 2020; 6: eaba2196. https://doi.org/10.1126/sciadv.aba2196 PMID:
32821822

Pennebaker JW, Mehl MR, Niederhoffer KG. Psychological Aspects of Natural Language Use: Our
Words, Our Selves. Annu Rev Psychol. 2003; 54: 547-577. https://doi.org/10.1146/annurev.psych.54.
101601.145041 PMID: 12185209

Kleim B, Horn AB, Kraechenmann R, Mehl MR, Ehlers A. Early Linguistic Markers of Trauma-Specific
Processing Predict Post-trauma Adjustment. Front Psychiatry. 2018; 9. Available: https://www.
frontiersin.org/article/10.3389/fpsyt.2018.00645 https://doi.org/10.3389/fpsyt.2018.00645 PMID:
30568607

Chung C, Pennebaker JW. The psychological functions of function words. Social communication. 2007;
1: 343-359.

Gillham JE, Shatté AJ, Reivich KJ, Seligman ME. Optimism, pessimism, and explanatory style. 2001.

Tackman AM, Sbarra DA, Carey AL, Donnellan MB, Horn AB, Holtzman NS, et al. Depression, negative
emotionality, and self-referential language: A multi-lab, multi-measure, and multi-language-task
research synthesis. J Pers Soc Psychol. 2019 May; 116(5):817. https://doi.org/10.1037/pspp0000187
PMID: 29504797

Rude S, Gortner E-M, Pennebaker J. Language use of depressed and depression-vulnerable college
students. Cogn Emot. 2004; 18: 1121-1133.

Slatcher RB, Chung CK, Pennebaker JW, Stone LD. Winning words: Individual differences in linguistic
style among U.S. presidential and vice presidential candidates. J Res Pers. 2007; 41: 63-75. https://
doi.org/10.1016/j.jrp.2006.01.006

Kacewicz E, Pennebaker JW, Davis M, Jeon M, Graesser AC. Pronoun Use Reflects Standings in
Social Hierarchies. J Lang Soc Psychol. 2014; 33: 125-143. https://doi.org/10.1177/
0261927X13502654

Chung CK, Pennebaker JW. Using computerized text analysis to assess threatening communications
and behavior. Threatening communications and behavior: Perspectives on the pursuit of public figures.
2011; 3-32.

Weiss M, Kolbe M, Grote G, Spahn DR, Grande B. We can do it! Inclusive leader language promotes
voice behavior in multi-professional teams. Leadersh Q. 2018; 29: 389—40.

Mayfield J, Mayfield M. Leader-level influence on motivating language: A two-level model investigation
on worker performance and job satisfaction. Competitiveness Rev. 2010.

Pennebaker JW, Slatcher RB, Chung CK. Linguistic markers of psychological state through media inter-
views: John Kerry and John Edwards in 2004, Al Gore in 2000. Anal Soc Issues Public Policy. 2005; 5:
197-204.

Giorgi S, Nguyen KL, Eichstaedt JC, Kern ML, Yaden DB, Kosinski M, et al. Regional personality
assessment through social media language. J Pers Soc Psychol. 2022; 90: 405—-425. https://doi.org/10.
1111/jopy. 12674 PMID: 34536229

Barthel M, Stocking G, Holcomb J, Mitchell A. Reddit news users more likely to be male, young and digi-
tal in their news preferences. Pew Research Center. 2016 Feb 25.

Larcker DF, Tayan B. Diversity in the C-suite: The dismal state of diversity among Fortune 100 senior
executives. Rock Center for Corporate Governance at Stanford University Closer Look Series: Topics,
Issues and Controversies in Corporate Governance No CGRP-82. 2020.

Baumgartner J, Zannettou S, Keegan B, Squire M, Blackburn J. The push shift reddit dataset. In Proceed-
ings of the international AAAI conference on web and social media 2020 May 26 (Vol. 14, pp. 830-839).

Pennebaker JW, Boyd RL, Booth RJ, Ashokkumar A, Francis M. Linguistic Inquiry and Word Count:
LIWC-22. Austin, TX: Pennebaker Conglomerates, Inc.; 2022. Available: www.liwc.app.

Markowitz DM. Psychological trauma and emotional upheaval as revealed in academic writing: The
case of COVID-19. Cogn Emot. 2022; 36: 9—22. https://doi.org/10.1080/02699931.2021.2022602
PMID: 34965201

Cohn MA, Mehl MR, Pennebaker JW. Linguistic markers of psychological change surrounding Septem-
ber 11, 2001. Psychol Sci. 2004; 15: 687-693. https://doi.org/10.1111/j.0956-7976.2004.00741.x
PMID: 15447640

Hawdon J, Ryan J. Social relations that generate and sustain solidarity after a mass tragedy. Social
forces. 2011; 89: 1363—1384.

PLOS ONE | https://doi.org/10.1371/journal.pone.0290621 October 11, 2023 16/17


https://doi.org/10.1073/pnas.1811987116
http://www.ncbi.nlm.nih.gov/pubmed/30808741
https://doi.org/10.1126/sciadv.aba2196
http://www.ncbi.nlm.nih.gov/pubmed/32821822
https://doi.org/10.1146/annurev.psych.54.101601.145041
https://doi.org/10.1146/annurev.psych.54.101601.145041
http://www.ncbi.nlm.nih.gov/pubmed/12185209
https://www.frontiersin.org/article/10.3389/fpsyt.2018.00645
https://www.frontiersin.org/article/10.3389/fpsyt.2018.00645
https://doi.org/10.3389/fpsyt.2018.00645
http://www.ncbi.nlm.nih.gov/pubmed/30568607
https://doi.org/10.1037/pspp0000187
http://www.ncbi.nlm.nih.gov/pubmed/29504797
https://doi.org/10.1016/j.jrp.2006.01.006
https://doi.org/10.1016/j.jrp.2006.01.006
https://doi.org/10.1177/0261927X13502654
https://doi.org/10.1177/0261927X13502654
https://doi.org/10.1111/jopy.12674
https://doi.org/10.1111/jopy.12674
http://www.ncbi.nlm.nih.gov/pubmed/34536229
http://www.liwc.app
https://doi.org/10.1080/02699931.2021.2022602
http://www.ncbi.nlm.nih.gov/pubmed/34965201
https://doi.org/10.1111/j.0956-7976.2004.00741.x
http://www.ncbi.nlm.nih.gov/pubmed/15447640
https://doi.org/10.1371/journal.pone.0290621

PLOS ONE The Effects of COVID-19 Pandemic on CEO Language Change

47. HawdonJ, Ryan J, Agnich L. Crime as a source of solidarity: a research note testing Durkheim’s asser-
tion. Deviant Behav. 2010; 31: 679-703.

48. Schwartz H. A, et al., Personality, gender, and age in the language of social media: The open-vocabu-
lary approach. PloS one 8, 73791 (2013). https://doi.org/10.1371/journal.pone.0073791 PMID:
24086296

49. DevlinJ, Chang MW, Lee K, Toutanova K. Bert: Pre-training of deep bidirectional transformers for lan-
guage understanding. arXiv preprint arXiv:1810.04805. 2018 Oct 11.

50. BrownT.B,, etal., Language Models are Few-Shot Learners (2020) https:/doi.org/10.48550/arXiv.
2005.14165 (May 8, 2023).

51. Newman ML, Groom CJ, Handelman LD, Pennebaker JW. Gender differences in language use: An
analysis of 14,000 text samples. Discourse processes. 2008; 45: 211-236.

52. Oakley JG. Gender-based barriers to senior management positions: Understanding the scarcity of
female CEOs. J. Bus. Ethics 2000; 27: 321-334.

53. Zhang G, JiaZ, Yan S. Does Gender Matter? The Relationship Comparison of Strategic Leadership on
Organizational Ambidextrous Behavior between Male and Female CEOs. Sustainability. 2022; 14: 8559.

54. Deck C, Jahedi S, Sheremeta R. On the consistency of cognitive load. Eur Econ Rev. 2021; 134:103695.

PLOS ONE | https://doi.org/10.1371/journal.pone.0290621 October 11, 2023 17/17


https://doi.org/10.1371/journal.pone.0073791
http://www.ncbi.nlm.nih.gov/pubmed/24086296
https:/doi.org/10.48550/arXiv.2005.14165
https:/doi.org/10.48550/arXiv.2005.14165
https://doi.org/10.1371/journal.pone.0290621

