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Abstract. This paper examines the effects of temporal distance generated by time zone
separation on communication in geographically distributed organizations. We build on
prior research, which highlights time zone separation as a significant challenge, but argue
that employees may time shift—move work-related communication to outside of regular
business hours—to counteract temporal distance. We propose a theory in which employ-
ees’ tendency to time shift depends on the demands of their tasks and collaborative rela-
tionships and individuals” ability to supply work outside of regular business hours.
Analyzing communication-level data from 12,038 employees of a large multinational firm
and using cities’ shifts to/from daylight saving time for identification, we find that tempo-
ral distance leads to sizable but smaller than expected reductions in volumes of rich, synchro-
nous communication between employees. Consistent with our arguments, increased
temporal distance significantly increases time shifting of work-related communication,
especially among workers whose jobs are nonroutine and interactions in strong collabora-
tive relationships. We further document that female employees and employees based in
countries with stricter legal work hour limits engage in significantly less time-shifted com-
munication. Our study improves understanding of a ubiquitous source of collaboration
friction. It also sheds light on a potential source of inequities in workplace outcomes stem-
ming from differences in individuals’ ability to work outside of regular business hours.
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but cannot change in any way or use commercially without permission, and you must attribute this
work as “Organization Science. Copyright © 2024 The Author(s). https://doi.org/10.1287 / orsc.2023.
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“We no longer list vacancies by
zones.

important
together in this world.”

Bret Taylor, Co-CEO Salesforce

2022 interview with German newspaper Welt am

Sonntag

1. Introduction

... The pandemic has taught us that it doesn’t
matter in which city you live. Only the time zone is
in order to communicate and work

city, but rather time individuals planning their workdays (and often work
nights). Prior studies have argued that temporal dis-
tance poses a significant challenge because it reduces
business hour overlap (BHO)—the number of shared
hours in a standard workday (e.g., 8 a.m.—6 p.m.)—and
thus limits opportunities for real-time, synchronous
communication (Espinosa and Carmel 2003, O’Leary
and Cummings 2007). This friction is important because
synchronous modes of communication, such as virtual
calls and meetings, are considered “rich” (Daft and Len-
gel 1986), and frictions in this type of communication are
conjectured to be the key mechanism through which

How temporal distance generated by time zone
separation between workers affects intraorganizational
communication is a question of interest for organiza-
tional scholars, managers of distributed teams, and

1660

temporal distance contributes to adverse organizational
outcomes, including delayed project completion, team
conflict, and loss of productivity (Hinds and Bailey 2003,
Cummings et al. 2009, Mell et al. 2021). Yet, there are
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important theoretical and empirical gaps in our under-
standing of whether, how, and how much temporal dis-
tance affects intraorganizational communication.

Two specific gaps in the literature motivate this study.
First, to the best of our knowledge, we lack causal evi-
dence of the magnitude of the effect of temporal distance
on intraorganizational communication. Prior studies
have hinted that even a one-hour time zone difference
might result in disproportionate decreases in the volume
of synchronous communication because of misaligned
break times and multiple competing demands on work-
ers’ time (Grinter et al. 1999, Sivunen et al. 2016). How-
ever, some papers suggest that individuals time shift,
that is, move work-related synchronous communication
to outside of regular business hours, in response to tem-
poral distance from collaborators (Gibson and Gibbs
2006, Cummings et al. 2009, Cristea and Leonardi 2019).
If time shifting is widely prevalent, a one-hour increase
in temporal distance might result in less than proportion-
ate decreases in synchronous communication or, in the
extreme case, have no effect at all. Given these compet-
ing possibilities, establishing causal evidence regarding
the magnitude of temporal distance effects on synchro-
nous communication is an important empirical priority.
Second, and more importantly, we do not adequately
understand which types of communicative interactions
are most at risk for being lost due to temporal distance,
given the countervailing force of time shifting. If work-
ers vary in their propensity to time shift, the average
effect of temporal distance on synchronous communica-
tion might conceal important differences between those
who adapt by time shifting and those who do not.

To address these gaps, we integrate organizational
and economic perspectives to unpack the determinants
of time shifting and examine how temporal distance
affects intraorganizational communication, assuming
time shifting is possible. Our theorizing is premised on
the notion that working outside of regular business
hours incurs high opportunity cost in terms of lost per-
sonal time (Becker 1965, Hamermesh 1999). Therefore,
we argue that individuals will time shift work-related
communication only if their work’s demands to do so
are high. We further argue that individuals’ ability to
supply work outside of regular business hours deter-
mines the extent of time shifting.

Our framework identifies three theoretical determi-
nants of time shifting, which relate to employees’ tasks,
collaborative relationships, and individual characteris-
tics. First, combining insights from the media richness
theory of Daft and Lengel (1986) and the media synchro-
nicity theory of Dennis et al. (2008), we theorize that
employees whose work is intensive in nonroutine tasks
face greater demands for synchronous communication
and are more likely to time shift. Therefore, we predict
that greater temporal distance will reduce the volume of
synchronous communication less and increase shifting

of synchronous communication to outside of business
hours more, among employees whose work is intensive
in nonroutine tasks. Second, building on the notion that
synchrony in communication is more salient in strong
collaborative relationships (Hinds and Kiesler 1995,
Cramton 2001, Bikard et al. 2015), we predict that greater
temporal distance will reduce the volume of synchro-
nous communication less, and increase the shifting of
synchronous communication to outside of business
hours more, for interactions among employees in strong
collaborative relationships. Finally, we consider individual
characteristics that affect the ability to supply work out-
side of regular business hours. Combining insights from
the literature on schedule flexibility (Briscoe 2007) and
schedule predictability and gender (Perlow and Kelly
2014), we theorize that greater temporal distance will
increase the shifting of synchronous communication to
outside of business hours more among men than
women. We also build on the literature on cross-country
variation in work-life balance (Ollier-Malaterre and
Foucreault 2017, Bick et al. 2018) to predict that greater
temporal distance will increase the shifting of synchro-
nous communication to outside of business hours more
among workers based in countries with higher legal lim-
its on weekly work hours.

We test these arguments using rich data from 12,038
employees of a Fortune 100 multinational company
(“the Firm”), which provides an ideal empirical setting
because its employees are distributed across all major
time zones. We observe daily communication volumes
between all pairs of employees and whether each com-
munication (e.g., video call, email) occurred inside or
outside of an employee’s local business hours. We also
observe employee job titles, work addresses, reporting
relationships, and proxies for gender. To determine the
causal effects of temporal distance on intraorganiza-
tional communication, we exploit discrete changes in
BHO that result from cities’ shifts into and out of day-
light saving time (DST). Although we are, to our knowl-
edge, the first to exploit DST as a shock to temporal
distance, prior studies have used a similar research
design to estimate the causal effects of ambient light on
road accidents (Smith 2016, Biinnings and Schiele 2021)
and on criminal activity (Doleac and Sanders 2015).

Results, using difference-in-differences (DiD) and
regression discontinuity (RD) research designs, demon-
strate that an approximately one-hour increase in tem-
poral distance reduces synchronous communication
volumes by an average of 11.0%." At the sample’s mean
level of BHO (5.7 hours), this is a less than proportionate
decrease, on average. Furthermore, we find no statisti-
cally significant reductions in synchronous communica-
tion among employees whose work is intensive in
nonroutine tasks and among pairs in strong collabora-
tive relationships. However, we find that the increase in
temporal distance leads to significant increases in the
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volume of work-related communication taking place
outside of employees’ local business hours, that is, time
shifting. Such increases are significantly higher among
employees whose work is intensive in nonroutine tasks
and employees in strong collaborative relationships.
Finally, proxies for individuals’ ability to work outside
of business hours—whether an employee is female and
whether they are based in a country with stricter legal
limits on weekly work hours—indicate that such
employees conduct a significantly lower share of work-
related communication outside of regular business
hours; within a coworker pair, they are less likely to
communicate outside of regular hours. However, we
detect no discernible differences in the tendency to
increase time shifting following the reduction in BHO
induced by DST among these employees. We instead
find that all employees increase time shifting similarly at
the margin.

To our knowledge, this study is the first to causally
establish how temporal distance affects communication
patterns using a large sample of employees embedded
in an organization and to propose and test a theory of
time shifting. The rest of the paper proceeds as follows.
Section 2 summarizes related prior literature and lays
out our conceptual framework that theorizes the deter-
minants of employee time shifting. Section 3 discusses
our empirical context and data. Section 4 describes the
empirical strategy using DST. Section 5 presents the
results. Section 6 discusses our findings and concludes.

2. Theory and Hypotheses

This section integrates insights from the organizational lit-
erature on communication and collaboration in distributed
work, the labor economics literature on the allocation of
time, and the literature on flexibility and work-life balance
to theorize how temporal distance affects intraorganiza-
tional communication and which communicative interac-
tions are at greatest risk of being lost due to temporal
distance. The novel aspect of our conceptual discussion is
the notion that temporal distance is a soft constraint that
workers can circumvent by shifting work-related commu-
nication to outside of regular business hours. We theorize
the determinants of time shifting, which we argue relate to
heterogeneity in tasks, collaborative relationships, and individ-
ual characteristics.

2.1. Baseline Hypothesis Regarding Temporal
Distance Effects

Prior work posits that temporal distance among nonco-
located employees poses a critical challenge because it
reduces the number of hours in which both are likely to
be working and thus limits opportunities for synchro-
nous communication. Although temporal distance is
universally understood to make synchronous communi-
cation more difficult, the literature offers contrasting

views of the expected magnitude of this effect.” Some
studies note that even small time zone differences can
generate disproportionate frictions. Sivunen et al. (2016)
report that employees of global companies experience
even a one-hour time zone difference from coworkers as
disruptive, given multiple demands on their time from
work and nonwork activities. Grinter et al. (1999) also
note that small time zone differences can have dispro-
portionate effects because they create other schedule
misalignments. Specifically, they note that due to a one-
hour time zone difference between two sites of a global
software company, there are four hours of the day dur-
ing which the teams” work time does not overlap: one at
the beginning of the day, one at the end of the day, and
one during each site’s lunch break.

Yet, other work suggests that individuals time shift,
that is, engage in synchronous communication after reg-
ular business hours; this could cause the effects of tem-
poral distance on synchronous communication to be
muted. With the development of technologies that
enable continual connectivity, workers are less con-
strained by their BHO (Mazmanian et al. 2013). Recent
studies using qualitative (Cristea and Leonardi 2019)
and quantitative (DeFilippis et al. 2022) data reveal that
workers frequently communicate before and after regu-
lar business hours. Therefore, it is plausible that employ-
ees who are temporally distant from their coworkers
adjust by shifting their synchronous communication
beyond the boundary of the standard work day.
Although the “less-BHO” and “time-shifting” views of
prior studies both hint that greater temporal distance
will reduce synchronous communication, they offer con-
trasting views on whether this reduction will be dispro-
portionately large or less than proportionate.” However,
unless time shifting entirely compensates for lost BHO,
we expect that at least some synchronous communica-
tion that would have otherwise taken place is lost due to
temporal distance. Our baseline hypothesis, therefore,
states the following.

Baseline Hypothesis. Other things equal, greater temporal
distance will reduce volumes of synchronous communication.

2.2. Unpacking Heterogeneity: Time Shifting
Costs and Demands

Foundational economic theories of individual time allo-
cation posit that people compare the returns derived
from a unit of time spent on work versus nonwork activ-
ities (e.g., leisure, household tasks) and allocate time to
the activity that yields the higher return (Becker 1965,
Gronau 1977). Building on these elements, Hamermesh
(1999) presents a model in which the shadow value of
workers’ time differs over the hours of the day. Time use
data reveal that most people prefer to work during regu-
lar business hours (8 a.m.—6 p.m.) and view work in early
mornings, evenings, and nights as undesirable. In other
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words, the opportunity cost of working is U-shaped
over the hours of the day: it is high in the early mornings,
evenings, and nights and lower during regular business
hours.

A related organizational literature echoes this per-
spective and documents the personal costs incurred by
workers who are expected to work beyond regular busi-
ness hours, that is, to time shift, to communicate with
coworkers. Cummings et al. (2009) state that only 20% of
their study subjects work outside of 7 a.m.—7 p.m. local
time. Workers at two global firms interviewed by Cristea
and Leonardi (2019) report “sacrificing” their personal
lives to maintain an online presence after local business
hours: one employee explained, “we are taking the bus
2 hours to get to work and 2hours home. The bus only
leaves two times in the evening—at 6 p.m. or 9 p.m.
Therefore, if they want to schedule a meeting at
5:30-6:30 my time I am going to miss the bus and will
have to stay another 2.5hours” (Cristea and Leonardi
2019, p. 561). In their study of global professionals in an
engineering firm, Nurmi and Hinds (2020) report that
workers feel strong pressure to connect after regular
business hours to communicate with temporally distant
colleagues but that many workers find these demands
frustrating and only some conform to them.

These insights into the opportunity costs of time shift-
ing imply that employees are unlikely to time shift unless
the demands to do so are high. We next theorize that
such demands crucially depend on the need for synchro-
nous communication given by employees’ tasks and col-
laborative relationships.

2.2.1. Task Heterogeneity and the Effects of Temporal
Distance. Not all tasks require synchronous communi-
cation to the same degree. In a classic article, Daft and
Lengel (1986) propose that intraorganizational commu-
nication serves two fundamental functions: (1) it reduces
uncertainty (i.e., fills in missing data or information) and
(2) it reduces equivocality (creates shared meaning or
interpretation). They further propose that reducing
equivocality requires communication that is “rich,” that
is, it can shape the receiver’s understanding. Synchro-
nous modes of communication are considered rich
because they facilitate frequent and rapid feedback, mul-
tiple cues (e.g., tone of voice, body language), personal-
ized messages, and language variety; asynchronous
communication modes are considered “lean.” A key
conclusion of media richness and media synchronicity
theories is that optimal communication involves match-
ing the communication needs of the task to the mode of
communication (Daft and Lengel 1986, Dennis et al.
2008). Whereas rich, synchronous communication is
ideal for reducing equivocality, lean asynchronous
communication such as email can efficiently transmit
clear instructions that reduce uncertainty (Hinds and
Kiesler 1995, Kraut et al. 2002, Barry and Fulmer 2004).

Therefore, collaboration on nonroutine tasks—which
involve “unanalyzable problems” with “many exceptions”
Perrow (1967, p. 196)—is likely to imply greater demands
for rich, synchronous communication than collaboration
on routine tasks.

The labor economics literature elevates nonroutine-
ness from a task-based to an occupation-level construct
by categorizing occupations according to their “task
content.” Acemoglu and Autor (2011, p. 1080) argue that
all occupations combine elements of routine and
nonroutine tasks, but that generally, “professional, man-
agerial and technical occupations are specialized in non-
routine cognitive tasks; clerical and sales occupations
are specialized in routine cognitive tasks; production
and operative occupations are specialized in routine
manual tasks; and service occupations are specialized in
non-routine manual tasks.” Combining the task-based
perspective of occupations with insights from the above
theories implies that workers in occupations more inten-
sive in nonroutine tasks will face greater demands for
synchronous communication. We, therefore, reason that
such workers will have greater incentives to time shift;
as a result, synchronous communication among them
might be less at risk from the negative effects of temporal
distance. We predict the following.

Hypothesis 1. Greater temporal distance will reduce the
volume of synchronous communication less and will increase
time shifting more among employees whose work is intensive
in nonroutine tasks.

2.2.2. Heterogeneity in Collaborative Relationships
and the Effects of Temporal Distance. Not all commu-
nicative interactions require synchronous communica-
tion to the same degree; we posit that employees in
strong collaborative relationships have a greater need
for synchronous communication. Bikard et al. (2015)
build on Porac et al. (2004) and present a theoretical
framework that explores the tradeoffs of collaboration;
both the benefits of strong collaborative relationships
and their high coordination costs, such as frequent and
synchronous communication. Relative to one-off or
ad-hoc interactions, strong collaborative relationships
tend to imply longer-term commitment and more inter-
dependence and have greater needs for coordination, a
key mechanism of which is ongoing communication
(Srikanth and Puranam 2011).

The need for synchronous communication in strong
collaborative relationships is especially salient for geo-
graphically dispersed workers because of what Cramton
(2001) calls the “mutual knowledge” problem. Syn-
chrony is needed in this scenario because it is difficult
for team members working apart from each other to con-
vey contextual information, to communicate and under-
stand the salience of this information, and to interpret
the meaning of silence (e.g., the meaning of not receiving
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a reply to an email). In prior research on distributed
workers, Hinds and Kiesler (1995) observe that synchro-
nous communication permits employees to exchange a
large amount of information in a given unit of time and
to receive ongoing feedback so they can make adjust-
ments, correct misunderstandings, and fill in details.
Hinds and Kiesler (1995) therefore theorize that synchro-
nous communication is more important for workers in
stronger collaborative relationships. Hinds and Morten-
sen (2005) further argue that creating opportunities for
informal, spontaneous communication is critical in dis-
tributed teams both because it helps to reduce the inci-
dence of conflict by building shared identity and shared
context and to resolve conflicts when they arise.

A different strand of the organizational literature
offers a complementary view of why workers might face
greater demands to time shift in stronger collaborative
relationships, which relate to managerial control and
sociological pressures to show commitment to the work.
Perlow (1998) conceptualizes a permeable boundary
between employees” work and personal time and stud-
ies the mechanisms managers use to exert “boundary
control” over their subordinates, which include schedul-
ing meetings, reviews, and internal deadlines outside of
regular business hours. Perlow (1999) describes that
managers send frequent and apparently urgent requests
to employees to perpetuate a “crisis mentality,” which,
in turn, forces employees to work before or after busi-
ness hours. Cristea and Leonardi (2019) also note the
pressures workers feel to show “face time” to signal
dependability and commitment to the organization and
team, especially in interactions involving direct super-
iors and team members. We posit therefore that the
extent to which workers shift communication beyond
the standard work day also depends on the nature of the
interaction, with employees facing greater demands to
time shift in strong collaborative relationships. There-
fore, we predict the following.

Hypothesis 2. Greater temporal distance will reduce the
volume of synchronous communication less and will
increase time shifting more among employees in strong col-
laborative relationships.

2.2.3. Heterogeneity in Individual Characteristics and
the Ability to Supply Time Shifting. Thus far, we theo-
rized that heterogeneity in tasks performed and in col-
laborative relationships creates different demands for
synchronous communication and affects incentives to
time shift. Next, we consider factors that affect workers’
ability to supply time-shifted communication, focusing
on employee gender and cultural context. A long-
standing sociology literature documents gender-based
disparities in the ability to work after hours. As Schie-
man etal. (2009, p. 697) explain, men “work longer hours
and extra hours without notice.” Schieman et al. (2009)

also note that work-nonwork interference is most salient
for women aged 35—44. Citing the “gendered patterns of
caregiving within families,” Perlow and Kelly (2014, p.
127) argue that women are more likely than men to pur-
sue accommodations that give them control over their
after-business-hours schedule. In a similar vein, Briscoe
(2006) finds that women (and caregivers in general) are
more prevalent in organizations that offer greater
“schedule flexibility,” that is, give workers greater abil-
ity to decide when (and for how long) to engage in a core
work activity. Based on this work, we predict that
women may be more constrained than men in their abil-
ity to time shift.

Workers’ ability to time shift might also depend on
the cultural context and the socio-cultural norms related
to work hours. Bick et al. (2018) build an internationally
comparable database of the number of hours worked
and document that adults in low-income countries work
substantially more hours, on average, than those in
high-income countries. Prior research traces the role of
national legislation on work hours. Lehndorff (2014)
documents how the working-time act of 1994 set a limit
of 8hours per day in Germany and how since the late
1990s, France, Denmark, and Belgium have mandated
limits of 35, 37, and 38hours per week, respectively.
Relatedly, work—family scholars universally agree that
the national context influences work—family experiences
(Powell et al. 2009, Ollier-Malaterre and Foucreault
2017). Contextual factors that support workers” ability to
time shift (e.g., mandated total hours and financial
incentives for childcare) vary across countries. For
instance, in France, factors such as long legal parental
leaves and tax cuts for large families enable high propor-
tions of both men and women to work full time (Letablier
and Jonsson 2005). This leads to our final hypothesis.

Hypothesis 3. Greater temporal distance will increase
time shifting more among employees with greater ability to
supply work outside of reqular business hours.

3. Empirical Setting and Data

Our empirical setting is a large U.S.-headquartered mul-
tinational company in the natural resource extraction
industry. We have data on nearly all employees of its
largest division by revenue, distributed across 167 cities
and 48 countries spanning most of the world’s time
zones (Figure 1). Our data include information on each
employee’s assigned work location (country, city, build-
ing), job title, and business function (e.g., research and
development (R&D), information technology (IT), pro-
duction), and direct measures of communication among
all employees. Our main sample consists of 12,038
employees who communicated at least once with
another employee in the sample during the data collec-
tion period, which occurred from September 10 to
November 30, 2017, well before the COVID-19
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Figure 1. (Color online) Employee Locations and Time Zones
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Notes. This figure shows the assigned work locations of sample employees. Node size is proportional to the number of employees. Vertical lines

indicate time zones.

pandemic (“sample employees”). Because temporal dis-
tance is conceptualized between employee pairs, most
of our analysis is conducted at the employee-pair
(“dyad”) level. Next, we describe the construction of the
main variables.

3.1. Measurement

3.1.1. Communication Volume. Communication vol-
ume is measured as the amount of time (in minutes)
employees devote to communicating with one another
via four modes: (1) scheduled calls and meetings, (2)
unscheduled calls, (3) instant message chats, and (4)
email using data from Outlook and Skype, the primary
communication technologies used by the Firm during
the data collection period. Following prior studies
(Hinds and Kiesler 1995), we sum communication con-
ducted via modes 1-3 to measure Synchronous communi-
cation; email is Asynchronous communication. We briefly
describe the measurement of each mode (and provide
more detail in the Online Appendix, Section A.1):

1. Communication volume via scheduled calls and
meetings is estimated using the beginning and end
time stamps of Outlook calendar events featuring mul-
tiple employees. From each employee’s perspective,
their “attention” (the total length of the event) is allo-
cated equally among the other coparticipants. For
example, a 30-minute meeting on the calendar of
employee A that also features employees B and C
results in 15 minutes of volume for the A—B and

A—C dyads (the dyads B—A, B—C, C—A, and C—B
also record 15 minutes each). Because event time is
divided among coparticipants, scheduled calls and
meetings involving many participants, such as a
division-wide conference call, carry little weight in the
communication volume of each dyad.

2. Communication volume via unscheduled calls is
calculated like that of scheduled calls and meetings but
using the beginning and end time stamps of Skype calls
that fall outside of a scheduled Outlook calendar event.
This prevents overlap with the measure of scheduled
calls and meetings, some of which take place over
Skype.

3. Communication volume via instant message chats
is estimated using the count of instant messages sent
via Skype. For each message, 40 seconds are allocated
to the sending employee. For example, if employee A
sends six instant messages to B, the dyad A—B records
four minutes.*

4. Communication volume via email is calculated
from Outlook data using a similar method as instant
message chats. The time spent composing each email is
estimated based on its length, up to 10 minutes per
message.

3.1.2. Temporal Distance. Following the literature (Cum-
mings et al. 2009, Mell et al. 2021), we operationalize tem-
poral distance using BHO, which is the number of shared
hours in an 8 am—6 p.m. workday; we demonstrate
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robustness to alternative workday lengths in Section 5.3.
BHO ranges from 10 for employees in the same time zone
to 0 for those 10 or more time zones apart.”

3.1.3. Inside/Outside of Business Hours. Each com-
munication generates a time stamp in the participant’s
local time and is designated as occurring either Inside
Business Hours (IBH) (8 a.m.—6 p.m. local time) or Outside
Business Hours (OBH). At the undirected dyad level, we
code scheduled calls and meetings and unscheduled
calls as IBH if both participants are within local business
hours, and OBH otherwise. Instant message chats and
e-mails are considered IBH if the sending party is within
their local business hours, and OBH otherwise. The
OBH share is the share of synchronous communication
occurring outside of business hours, equal to OBH Syn-
chronous communication/Synchronous communication.

3.1.4. Nonroutine Tasks. We proxy for the degree to
which employees” work is intensive in nonroutine tasks
by matching their job titles to measures of occupational
nonroutineness from Acemoglu and Autor (2011),
which use data from the Occupational Information Net-
work (O*NET). Because the Firm’s job titles are not stan-
dard, we manually match them to Standard Occupational
Classification (SOC) codes, then merge on the SOC code.’®
This yields nonroutineness scores for 8276 sample
employees with nonmissing job titles and whose SOC
occupation contains O*NET data. We create an indicator
variable, Nonroutine, which takes a value of one if an
employee’s score on the “Nonroutine cognitive: Ana-
lytical” metric is above the sample median. In addition,
we classify all managers as Nonroutine, as dealing with
unstructured, ad hoc, nonroutine problems is core to the
managerial function (Mintzberg 1971). An employee is a
Manager if they have a least one direct report based on
data on the Firm's reporting relationships.

3.1.5. Strong Collaborative Relationships. We identify
strong collaborative relationships using data on the
Firm’s reporting structure, which provides the name of
employees’ direct supervisor. We can identify the direct
supervisor for 81% of sample employees.” We define a
team as all employees with the same direct supervisor.
We thus identify strong vertical (Superior and direct
report) and strong horizontal (Same team) collaborative
relationships. The mean weekly communication volume
among Superior and direct report dyads (37.0 minutes)
and Same team dyads (14.2minutes) is significantly
higher than among other dyads (1.5minutes) (Online
Appendix, Table A 2).

3.1.6. Ability to Supply Work Outside of Regular Busi-
ness Hours. We use two proxies for employees’ ability
to work outside of regular business hours. The first is an

indicator variable, Fermale, which we construct using
data on employee names and name—gender matching
algorithms. We can assign a gender to 77% of sample
employees.® The second is a categorical variable, Work
hours limit category, which we construct using employees’
work location (country) and the International Labour
Organization’s (ILO) working conditions law database,’
which classifies countries into five categories of weekly
work hours limits: (1) 35-39 hours, (2) 4041 hours, (3)
4245 hours, (4) more than 45 hours, or (5) no legal limit.

3.2. Sample Summary Statistics

Table 1, Panel A, reports summary statistics at the dyad
level. The dyad-level sample consists of 859,092 pairs of
noncolocated employees who communicated at least
once via any mode during the 12-week sample period.'?
Most coworkers do not communicate in a given week;
the mean weekly communication across all dyads
is 1.69 minutes. Others communicate intensively, up
to 36hours per week. Synchronous communication
accounts for 85% of total communication, reflecting the
Firm’s widespread use of scheduled calls and meetings.
On average, 57% of synchronous communication takes
place within both employees’ business hours and 43%
when at least one employee is outside of their local busi-
ness hours. The mean BHO before the moves to/from
DST is 5.7 hours. Both members are nonroutine in 25%
of the dyads, 0.2% of dyads represent a superior-direct
report relationship, and 1% represent members of the
same team. Panel B presents employee-level summary
statistics. The data capture 7.7 hours of weekly commu-
nication with other sample employees, which appears
reasonable and constitutes an important share of
employees’ work activities. At the employee level, 13%
of synchronous communication takes place outside of
local business hours, 14% of sample employees are man-
agers, and 25% are female.

4. Empirical Strategy

Beyond the scarcity of large-sample data on interper-
sonal communication, two empirical challenges have
led to alack of causal evidence on the effects of temporal
distance. First, temporal distance is highly correlated
with other dimensions of distance (e.g., geographic dis-
tance, language differences), making it difficult to tease
out their separate effects. Second, firms may choose
to temporally colocate employees who need to regularly
communicate, thus introducing reverse causality into
the relationship. An ideal experiment would randomly
assign employees across different degrees of time
zone separation or randomly vary the temporal distance
among employees and observe its effects on com-
munication patterns. We approximate the latter ideal
by exploiting changes in temporal distance between
employees induced by DST, which can under
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assumptions discussed in Section 4.2 be used to iden-
tify its causal effects.

4.1. Identification Using Shifts to/from DST
We exploit cities’ shifts into and out of DST in the fall of
2017, which occurred on different dates but all over-
lapped with our data collection period (Online Appen-
dix, Figure B.1). During this time, cities in the northern
hemisphere that observe DST (most cities in the United
States, Canada, Mexico, and many European countries)
shift out of DST and move their clocks backward one
hour. Cities in the southern hemisphere that observe
DST (most cities in Brazil, Australia, and New Zealand)
shift into DST and move their clocks forward one
hour."" Other cities do not observe DST and hence do
not move their clocks (e.g., cities in China, Russia, India).
Cities’ shifts into/out of DST discretely change BHO
for some employee pairs but not others. For example,
when DST ends in the United States and Houston sets its
clocks backward by one hour, Houston loses an hour of
BHO with Moscow and gains an hour with Seoul, nei-
ther of which observes DST. However, Houston experi-
ences no change in BHO with Vancouver, which also
moves its clocks backward. Although most affected cit-
ies gain or lose one hour, some cities gain or lose up to
two hours. For example, Houston lost two hours of BHO
with Rio de Janeiro, which moved into DST and set its
clocks forward by one hour.'” These discrete changes in
BHO between employees offer a natural experiment that
allows us to identify the causal effects of temporal dis-
tance on intraorganizational communication.

4.2. Research Design and Empirical Models

We implement two separate research designs. The first,
a DiD research design, compares trends in communica-
tion volumes for employee pairs that experience a
decrease in BHO (“treated”) versus those whose BHO
remains unchanged (“control”). The key advantage
of this research design is that it allows us to control
for time-invariant determinants of communication
between employees using employee-pair fixed effects
(e.g., their degree of interdependence, geographic dis-
tance, language differences) and identify the effects of
temporal distance by observing changes in communica-
tion volumes within a pair following a change in
BHO. The key identifying assumption is that conditional
on controls, the communication volumes of treated
employees would have followed parallel trends with
respect to the control group. Although this assumption
cannot be directly tested, we can gain confidence in it by
examining whether treated and control groups exhibit
parallel trends before the moves to/from DST. This anal-
ysis will also help us detect any anticipatory effects, for
example, the possibility that treated employees reacted
to the future increase in temporal distance in advance,
for example, by communicating more than the control

group in the weeks leading up to the moves to/from
DST.

We implement the DiD strategy by creating the binary
variable Increased temporal distance X Post, which equals
one after the shifts to/from DST for the treated group,
and estimate'’

Comm’}!

— m :
iiw = & + B" Increased temporal distance;

X POStijw + T]l] + 61(/ + Eijuh (l)

where Commj, denotes the communication volume in
mode m for pair ij in week w, 1, are employee-pair fixed
effects that absorb the effects of non-time-varying deter-
minants of communication volumes, and 0,, are week
fixed effects, which control for overall trends in commu-
nication; €, is an idiosyncratic error term; and " is the
treatment effect of interest, which represents the average
effect of an approximately one-hour increase in tempo-
ral distance on communication volumes. Based on
our Baseline hypothesis, we expect " to be negative in
models with Synchronous communication as the depen-
dent variable.

We estimate Equation (1) using a (pseudo) Poisson
maximum likelihood (PPML) estimator with the depen-
dent variable measured in levels, which has advantages
over log-linear ordinary least squares (OLS) models
when the dependent variable is a count and features
many zeros, as in our empirical setting (Silva and Ten-
reyro 2006)."* Recent studies highlight biases that can
arise in standard DiD models when the treatment is stag-
gered and treatment effects are not constant over time
(Goodman-Bacon 2021, Borusyak et al. 2024). Although
our large control group of untreated employees miti-
gates these biases, for robustness, we estimate versions
of Equation (1) using the Borusyak et al. (2024) DiD
imputation estimator and the extended two-way fixed
effects (ETWFE) strategy proposed by Wooldridge
(2021, 2023). Dyadic data sets can exhibit complex error
correlations across observations because members may
participate in multiple dyads (Aronow et al. 2015).
Therefore, we cluster standard errors at the level of each
employee pair and each employee. We thus allow for
error correlation both within pairs over time and across
all communications of each employee in the pair.'

One potential concern associated with the DiD
research design is spillover effects on the control group.
For example, if employees substitute communication
away from coworkers with whom they lose overlap to
coworkers with whom overlap remains unchanged, the
DiD estimates could overstate the magnitude of the
causal effect within each dyad. We implement a second
empirical approach, an RD research design, which
focuses only on treated pairs and examines whether
they exhibit discrete changes in communication
volumes near the timing of the switch to/from DST. The
identifying assumption behind the RD design is that
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absent the moves to/from DST, communication
volumes for the treated would have changed continu-
ously in the days around the transition. We define the
running variable, days;, which is the number of days
before/after the pair experiences a reduction in BHO
with day 0 being the first day and estimate:

mo_ m m m
Commyy = a + By'days, + ' Postya + ' days,;; X Posty

+ 10+ Vo + thanksa + 5a, )

where Commij denotes the communication volume in
mode m for pair ij on day d, days;, is the running vari-
able, and Post;j; is an indicator equal to one if day d
occurs after the transition to/from DST for pair ij. The
coefficient of interest is f}’, which estimates the size of
the discontinuity, that is, the effect of an increase in tem-
poral distance on communication volumes'%g% and g’
allow for different trends (slopes) on either side of the
cutoff; 1), are employee-pair fixed effects; and y,,, are
day-of-week fixed effects, which control for variation in
communication volumes on different days of the week.
To reduce the risk of outlier effects, we include an indica-
tor for the days around Thanksgiving (November 22-24,
2017), which is absorbed by the week fixed effects in the
DiD model.

5. Results
5.1. Baseline Effect of Temporal Distance:
Direction and Magnitude

Table 2 presents the DiD results of the effects of temporal
distance on intraorganizational communication volumes
estimated via Equation (1). The results in column 1 imply
that the approximately one-hour increase in temporal
distance induced by moves to/from DST led to a
(€799 —1)% 100 = 9.4% decline in communication volumes
among employees (p = 0.000). Consistent with expectations,
column 2 indicates that this decline is entirely

concentrated in synchronous communication, which
falls by (e7%—1)%100=11.0% from baseline levels
(p =0.000). This effect is sizable but less than propor-
tionate considering that the “treatment” constitutes a
mean reduction in BHO of 19.3% (an average loss of
1.1hours on a mean BHO of 5.7), which is outside of the
95% confidence interval (CI) of the estimated effect (CI:
6.2%15.5%).

For comparison, column 3 shows the estimated effect
of increased temporal distance on asynchronous com-
munication volumes. The coefficient is negative but
small and not statistically significant (8 =—0.007,
p = 0.743). This null effect is consistent with the notion
that temporal distance does not directly affect asynchro-
nous communication; it also suggests that in our empiri-
cal setting, asynchronous communication does not
necessarily substitute for synchronous communication.
This result echoes that of Cummings et al. (2009), who
find evidence pointing to complementarities between
the use of synchronous communication and email.

Figure 2 (left plot) presents the estimates of a weekly
event-study version of Equation (1), which replaces the
Increased temporal distance X Post indicator with a set of
indicator variables for each week before and after the
moves to/from DST."” This figure validates the parallel-
trends assumption, showing that the treated and control
groups exhibited no significant differences in communi-
cation trends leading up to the moves to/from DST.
Echoing the baseline result, it shows negative effects for
the treated group in the weeks after the moves to/from
DST; four of the six weekly coefficients are statistically
significant. These patterns are similar using the Boru-
syak et al. (2024) imputation estimator (middle plot) and
the ETWFE strategy proposed by Wooldridge (2021,
2023) (right plot).

Table 3 presents the results of the RD research design
estimated via Equation (2). Following Doleac and San-
ders (2015) and Smith (2016), we use two bandwidths: 25

Table 2. Effects of Increased Temporal Distance on Communication Volumes: Difference-in-Differences Estimates

Total communication

Synchronous communication Asynchronous communication

2 ®)

Dependent variable 1)
Increased temporal distance X Post —0.099***
(0.023)
Employee-pair fixed effects Yes
Week fixed effects Yes
Mean of dependent variable 1.72
Employee pairs 776,581
N (employee pair-weeks) 9,318,972
Pseudo-R* 0.679

—0.116%** —0.007
(0.026) (0.023)
Yes Yes
Yes Yes

1.59 1.30
716,974 153,248
8,603,688 1,838,976
0.656 0.551

Notes. This table displays the estimated effects of increased temporal distance on communication volumes (measured in minutes per week)
using the DiD strategy. Synchronous communication refers to scheduled calls and meetings, unscheduled calls, and instant message chats.
Asynchronous communication is email. Employee pairs appear in each model if they had nonzero, time-varying communication volume in that
mode over the sample period. Increased temporal distance takes a value of one for employee pairs who lost BHO due to moves to/from DST and
zero for pairs whose BHO remained unchanged. Post indicates weeks after moves to/from DST. Models estimated via PPML; robust standard
errors in parentheses, multiway clustered at the employee-pair and each employee level.

*p < 0.10; **p < 0.05; **p < 0.01.
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Figure 2. Effects of Increased Temporal Distance on Synchronous Communication Volumes: Event Study Plots
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Notes. This figure displays the estimated coefficients on the Increased temporal distance x Week indicators from three different event study models
featuring weekly leads and lags. The left plot shows coefficients from a two-way fixed effects (TWFE) model with employee pair and week fixed
effects estimated via Poisson Pseudo Maximum Likelihood (PPML). The middle plot shows coefficients from the Borusyak et al. (2024) DiD
imputation estimator with employee pair and week fixed effects. The right plot shows the coefficients from an extended two-way fixed effects
(ETWEE) estimator proposed by Wooldridge (2021, 2023) with cohort, week, and treated cohort x week fixed effects. The reference period is the
week before an employee pair experiences a change in BHO; Week 0 represents the first seven days of treatment. Two percent of employee pairs
experience more than 5 weeks of treatment; these are consolidated into the Week 5 indicator. Error bars represent 95% confidence intervals based
on robust standard errors clustered at the employee-pair and each employee level, except for the imputation estimator where standard errors are

clustered at the city-pair level.

and 50 days.'® As in the DiD results, the RD results point
to statistically significant negative effects of increased
temporal distance on synchronous communication
volumes (6 = —0.145, p = 0.003 at 25days; f = —0.071, p
=0.079 at 50 days). The sizes of the estimated coefficients

Table 3. Effects of Increased Temporal Distance on
Synchronous Communication Volumes: RD Estimates

Dependent variable:
Synchronous communication

25days 50days
1) @)
Post —0.145%* —0.071*
(0.049) (0.040)
days 0.005* 0.003**
(0.003) (0.001)
days x Post —0.002 —0.005***
(0.004) (0.002)
Employee-pair fixed effects Yes Yes
Day of week fixed effects Yes Yes
Mean of dependent variable 0.24 0.19
Employee pairs 145,228 176,592
N (employee pair-days) 7,355,288 13,606,968
Pseudo-R* 0.56 0.54

Notes. This table displays the estimated effects of increased temporal
distance on synchronous communication volumes (measured in
minutes per day) using the RD strategy. Employee pairs appear in
each model if their temporal distance increased due to moves
to/from DST and if they had nonzero synchronous communication
volume over the bandwidth period. Post indicates days after moves
to/from DST. All models include a dummy variable indicating the
day of and days adjacent to Thanksgiving (not shown). Models
estimated via PPML; robust standard errors in parentheses, multiway
clustered at the employee-pair and each employee level.
*p < 0.10; **p < 0.05; ***p < 0.01.

again imply a less than proportionate reduction in com-
munication volumes. Figure 3 presents the RD strategy
visually. It depicts a sharp negative discontinuity on the
day of the transition to/from DST for employee pairs
that experience an increase in temporal distance.

Overall, the RD results are consistent with those using
DiD design in direction and magnitude. Taken together,
the results offer strong support for the baseline hypothe-
sis and show that greater temporal distance reduces
volumes of synchronous communication. The average
effect—an 11% reduction for an average of 1.1 hours of
overlap lost—is sizable but less than proportionate
given the mean levels of overlap in the sample."”

5.2. Heterogeneous Effects and Time Shifting
of Work

5.2.1. Heterogeneity by Task and Relationship Demands
for Synchronous Communication. We hypothesized that
greater temporal distance will reduce the volume of syn-
chronous communication less among employees whose
work is intensive in nonroutine tasks and among
employees in strong collaborative relationships. We fur-
ther reasoned that the underlying mechanism relates to
time shifting and that greater temporal distance will
increase time shifting more among these employees. We
test these hypotheses in two steps; first by estimating
Equation (1) in subsamples featuring only dyads in
which both employees in the pair are Nonroutine and
dyads that represent Strong collaborative relationships,
then comparing the effects of temporal distance on com-
munication volumes to those of other dyads.” Second,
we directly test whether temporal distance increases
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Figure 3. Effects of Increased Temporal Distance on Synchro-
nous Communication Volumes: RD Plots
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Notes. This figure displays two plots generated using the rdplot
command in Stata in the sample of employee pairs who experienced
an increase in temporal distance. It displays plots for two bandwidths:
(i) 25 days and (ii) 50 days. All graphs use a uniform kernel and the
mimicking-variance evenly spaced method to select the number of
bins. Weekends are omitted for presentation purposes. The fitted lines
are based on local linear regressions for residuals after absorbing day-
of-week fixed effects and a Thanksgiving dummy variable. Dashed
curves represent 95% confidence intervals based on standard errors
clustered at the employee-pair level.

time shifting and whether the tendency to increase time
shifting differs across types of interactions.

Table 4 reports the results of the analysis of communi-
cation volumes. Unlike “All” dyads (column 1), cowor-
kers in which both members hold nonroutine jobs and
coworkers in strong vertical collaborative relationships
show no statistically significant reductions in communi-
cation volumes following increases in temporal distance
(B =—0.055, p =0.265 in column 2 and § = —0.025, p =
0.757 in column 3). Coworkers in strong horizontal rela-
tionships (column 4) also display no significant effects,
although the coefficient in this subsample is imprecisely
estimated, and its size is similar to that in the full sample
(B=—0.168, p = 0.144). A formal test of the hypothesis

that the negative effect in the nonroutine subsample is
equal to that in the “All other” subsample has a p value
of 0.079; an equivalent test that the effect in superior and
direct report dyads is equal to that in “All other” has a
p value of 0.102. This evidence allows us to conclude that
the effects of temporal distance on communication
volumes in these subsamples are substantially less nega-
tive than those in other dyads. Together, these results
provide initial support for Hypotheses 1 and 2, showing
that greater temporal distance reduces the volume of
synchronous communication less among employees
whose work is intensive in nonroutine tasks and in
strong collaborative relationships, especially strong ver-
tical relationships.

Next, we directly test the mechanism and ask whether
temporal distance increases time shifting by estimating
Equation (1) using three alternative dependent vari-
ables: IBH synchronous communication, OBH synchronous
communication, and the OBH share. These tests allow us
to directly observe whether communications occurring
during regular business hours fall and whether employ-
ees shift work-related communication beyond the stan-
dard workday into hours typically considered personal
time. As in Table 4, we examine this tendency among
nonroutine dyads, strong collaborative relationships,
and all others.

The results in columns 1-4 of Table 5 show that
increased temporal distance leads to statistically
significant and larger than proportionate reductions in
synchronous communication taking place inside of
business hours across all types of employees. The mag-
nitudes of the estimated effects range from a 19%
reduction (p = 0.013) among superior and direct report
dyads to a 31% reduction (p = 0.005) among same-team
dyads.”! Columns 5-8 further show that increased
temporal distance concurrently leads to significant
increases in communication volumes taking place out-
side of regular business hours. The sizes of the esti-
mated coefficients imply a 21%, 31%, and 30% increase
among nonroutine, superior and subordinate, and
same-team dyads, respectively. The increases in these
samples are significantly larger than the 8% increase
among “All other” dyads (this difference is statistically
significant with p values of 0.071, 0.058, and 0.045,
respectively). Offering further evidence, Table 6 shows
that increased temporal distance leads to significant
increases in the share of synchronous communication
taking place outside of business hours, and these
increases are significantly higher among employees
whose work is intensive in nonroutine tasks and those
in strong collaborative relationships than all other
dyads (p value of 0.008, 0.000, and 0.000, respectively).
Overall, the results in Tables 5 and 6 provide direct evi-
dence that increased temporal distance increases time
shifting, especially among employees whose work is
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Table 4. Effects of Increased Temporal Distance on Synchronous Communication Volumes by Nature of Task and
Collaborative Relationship

Dependent variable: Synchronous communication

All Both nonroutine Superior and direct report Same team All other
1) () ®3) 4 ®)
Increased temporal distance X Post —0.116%** —0.055 —0.025 —0.168 —0.134%**
(0.026) (0.049) (0.081) (0.115) (0.028)
Test of Hy (2)=5) (3 =) 4 =)
p value 0.079 0.102 0.389
Employee-pair fixed effects Yes Yes Yes Yes Yes
Week fixed effects Yes Yes Yes Yes Yes
Mean of dependent variable 1.59 1.52 30.23 12.61 143
Employee pairs 716,974 177,383 1,552 7,516 532,193
N (employee pair-days) 8,603,688 2,128,596 18,624 90,192 6,386,316
Pseudo-R? 0.656 0.667 0.588 0.630 0.634

Notes. This table displays the estimated effects of increased temporal distance on synchronous communication volumes (measured in minutes
per week) in different samples. Employee pairs appear in each model if they had nonzero, time-varying synchronous communication volume
over the sample period and if they meet the sample criterion indicated in the column heading. Increased temporal distance takes a value of one for
employee pairs who lost BHO due to moves to/from DST and zero for pairs whose BHO remained unchanged. Post indicates weeks after moves
to/from DST. Models estimated via PPML; robust standard errors in parentheses, multiway clustered at the employee-pair and each employee
level. p values reported are from a one-tailed test that the coefficients in the indicated samples are equal, under the alternative hypothesis that the

effect is smaller (less negative) in columns 2—4 than in column 5.
*p < 0.10; **p < 0.05; **p < 0.01.

intensive in nonroutine tasks and employees in strong
collaborative relationships; they offer strong support
for Hypotheses 1 and 2.

5.2.2. Heterogeneity by Ability to Time Shift. We theo-
rized that in addition to facing varying demands for syn-
chronous communication, workers differ in their ability
to supply time-shifted communication due to factors
such as gender and country institutional context. We

next provide descriptive evidence related to this conjec-
ture before testing Hypothesis 3.

Figure 4 displays descriptive evidence of employee-
level time shifting, measured as the volume (left) and
share (right) of their total synchronous communication
that takes place outside of local business hours. Male
employees in our sample engage in significantly more
communication outside of regular business hours than
female employees, with a mean OBH share of 13.9%
among men and 8.8% among women. We also observe

Table 5. Effects of Increased Temporal Distance on Time Shifting by Nature of Task and Collaborative Relationship

IBH synchronous communication OBH synchronous communication

Both Superior and Same All Both Superior and Same All
nonroutine  direct report team other nonroutine  direct report team other
Dependent variable (1) 2) 3) 4) (5) (6) (7) (8)
Increased temporal distance —0.275%** —0.210*** —0.374%*  —(0.269*** 0.193*** 0.266** 0.265** 0.074*
X Post (0.047) (0.085) (0.132) (0.029) (0.068) (0.114) (0.104) (0.044)
Test of Hy M= 2= B)=@ (%) =(8) 6) = (8) (7)=(8)
p value 0.453 0.256 0.218 0.071 0.058 0.045
Employee-pair fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Week fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Mean of dependent variable 1.50 23.29 10.47 1.40 0.82 11.55 5.10 0.85
Employee pairs 119,262 1,439 6,692 384,330 111,239 1,161 4,850 264,113
N (employee pair-days) 1,431,144 17,268 80,304 4,611,960 1,334,868 13,932 58,200 3,169,356
Pseudo-R? 0.661 0.585 0.630 0.622 0.603 0.645 0.606 0.589

Notes. This table displays the estimated effects of increased temporal distance on synchronous communication volumes (measured in minutes
per week) taking place inside of employees’ local business hours (IBH) and outside of business hours (OBH) in different samples, where
business hours mean 8 am.—~6 p.m. Employee pairs appear in each model if they had nonzero, time-varying synchronous communication
volume over the sample period and if they meet the sample criterion indicated in the column heading. Increased temporal distance takes a value of
one for employee pairs who lost BHO due to moves to/from DST and zero for pairs whose BHO remained unchanged. Post indicates weeks
after moves to/from DST. Models estimated via PPML; robust standard errors in parentheses, multiway clustered at the employee-pair and each
employee level. p values reported are from a one-tailed test that the coefficients in the indicated samples are equal, under the alternative
hypothesis that the effect is smaller (less negative) in columns 1-3 than in column 4 and that it is larger in columns 5-7 than in column 8.
*p < 0.10; **p < 0.05; ***p < 0.01.
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Table 6. Effects of Increased Temporal Distance on the Share of Communication Outside of Regular Business Hours by

Nature of Task and Collaborative Relationship

OBH share

Both nonroutine Superior and direct report Same team All others
Dependent variable 1) 2) 3) 4)
Increased temporal distance X Post 0.028*** 0.091*** 0.062*** 0.015***

(0.005) (0.016) (0.012) (0.003)

Test of Hy 1= 2=@ @) =@
p value 0.008 0.000 0.000
Employee-pair fixed effects Yes Yes Yes Yes
Week fixed effects Yes Yes Yes Yes
Mean of dependent variable 0.13 0.25 0.22 0.15
Employee pairs 111,239 1,161 4,850 264,113
N (employee pair-days) 1,334,868 13,932 58,200 3,169,356
Adjusted R? 0.255 0.601 0.514 0.308

Notes. This table displays the estimated effects of increased temporal distance on the share of synchronous communication taking place outside
of employees’ business hours (OBH) in different samples, where business hours mean 8 a.m.—6 p.m. Employee pairs appear in each model if
they had nonzero, time-varying communication volume in that mode over the sample period and if they meet the sample criterion indicated in
the column heading. Increased temporal distance takes a value of one for employee pairs who lost BHO due to moves to/from DST and zero for
pairs whose BHO remained unchanged. Post indicates weeks after moves to/from DST. Models estimated via OLS; robust standard errors in
parentheses, multiway clustered at the employee-pair and each employee level. p values reported are from a one-tailed test that the coefficients
in the indicated samples are equal, under the alternative hypothesis that the effect is larger in columns 1-3 than in column 4.

*p < 0.10; **p < 0.05; ***p < 0.01.

significant differences by country institutional context.
The OBH share ranges from a mean of 9% for employees
in countries with a weekly work hour limit of 35—
39 hours to 32% in countries with no legal limit.

Figure 5 incorporates a proxy for time shifting
demands by plotting the OBH share (y axis) against an
employee’s BHO with their superior (top) and mean
BHO with their team (bottom). The OBH share tends to
systematically fall as overlap with one’s superior and
team increases. It ranges from 24.6% (32.4%) among
employees with 2 hours or less overlap with their supe-
rior (team) to 11.9% (12.9%) among those who enjoy
complete overlap. This relationship is more muted
among female employees and those in countries with
legal limits on weekly work hours, who tend to exhibit a
lower OBH share at each level of overlap.

Table 7 formally tests whether individual characteris-
tics predict which member of the dyad is more likely to
communicate outside of local business hours and
whether employees with greater ability to supply work
outside of regular business hours increase time shifting
more in response to temporal distance. Because we are
interested in the effects of employee-level characteristics,
we move the analysis to the directed employee-pair level,
where each observation is a directed employee-pair-
week and communication is defined as OBH if the focal
employee is outside of their local business hours. We
first estimate Equation (1) in the directed data set after
introducing the indicator variable Female. With the
employee-pair fixed effects in place, the coefficient on
this variable indicates whether gender helps explain
which employee is more likely to communicate outside
of business hours within a pair. We then interact Fernale

with the treatment indicator. The coefficient on the
triple-interaction term, Increased temporal distance X Post
x Female, indicates whether female employees exhibit a
greater or lesser tendency to increase time shifting from
baseline levels when temporal distance increases. We
perform a similar analysis after introducing an indicator
variable for whether a country has a legal limit on
weekly work hours.

Consistent with Table 5, the results in Table 7 establish
that greater temporal distance significantly increases
time shifting. The coefficient on Increased temporal dis-
tance X Post is positive and statistically significant across
all columns (e.g., f = 0.174, p = 0.000 in column 1). They
also show that within a coworker pair, female employ-
ees (columns 1 and 2) and employees in countries with a
legal limit on weekly work hours (columns 3 and 4) com-
municate outside of their local business hours signifi-
cantly less. However, we do not detect statistically
significant differences in the tendency to increase time
shifting in response to the approximately one-hour
decrease in BHO among female employees (column 2)
or employees in countries with no legal limit on weekly
work hours (column 4); the coefficients on the triple-
interaction term that includes Female is very small, and
the coefficient on the indicator of countries with no legal
work hour limit is positive but not statistically signifi-
cant. Together, these results offer mixed support for
Hypothesis 3.

5.3. Additional Analyses and Robustness Tests

5.3.1. Decreased Temporal Distance. An important
alternative explanation for reductions in synchronous
communication following moves to/from DST relates to
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Figure 4. Time Shifting by Gender and Country Institutional Context
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Notes. This figure displays the mean OBH synchronous communication (hr/week) and the mean OBH share (outside of business hours synchronous
communication/synchronous communication) for male and female employees (top) and for employees in countries with different categories of
legal limits on the number of weekly work hours (bottom). Means calculated using in-sample communication and sample weeks before moves

to/from DST. Vertical bars represent 95% confidence intervals.

confusion. The change in clocks in some locations but
not others might confuse employees about the sched-
uled meeting time. They may also lead to sleep loss and
changes in diurnal rhythms that negatively affect
employee productivity and tendency to communicate
(Kamstra et al. 2000). To increase confidence that the

effects we detect reflect the impact of temporal distance
rather than temporary confusion or other mechanisms
affected by the clock changes, we estimate Equations (1)
and (2) using data on employee pairs that gained BHO.
They should also suffer confusion and changes in diur-
nal rhythms, but they experience a decrease rather than
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Figure 5. (Color online) Temporal Distance and Time Shifting by Gender and Country Institutional Context
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Notes. This figure displays the mean OBH share (outside of business hours synchronous communication/synchronous communication) at differ-
ent levels of temporal distance to employees” superior (top) and team (bottom). Panels show means for all employees (left), male and female
employees (middle), and employees in countries with and without a legal limit on the number of weekly work hours (right). Means calculated
using in-sample communication and sample weeks before moves to/from DST. BHO levels are grouped into 0-2, 34, 5-6, 7-8, and 9-10 hours
to allow sufficient observations in each interval. Vertical bars represent 95% confidence intervals.

an increase in temporal distance. However, in contrast
to our main findings, the DiD results reveal no signifi-
cant effects among these dyads (Online Appendix, Table
B.6). The RD results detect positive short-term effects on
communication volumes, but these diminish over time
(Online Appendix, Table B.7). These results are more
consistent with temporal distance effects than tempo-
rary confusion.”

5.3.2. Asynchronous Communication. Our main results
suggest that as temporal distance increases, asynchro-
nous communication appears to be unrelated or comple-
mentary to synchronous communication in our empirical
setting. We explore whether the nature of the task and the
relationship between employees moderates the responses
to increased temporal distance for asynchronous commu-
nication. We find little evidence that greater temporal
distance affects the volume of asynchronous communica-
tion (Online Appendix, Table B.8). Nor do we find evidence

of time shifting of asynchronous communication from
inside to outside of business hours (Online Appendix,
Table B.9).

5.3.3. Additional Robustness Tests. The Online Appen-
dix, Table B.11 presents the results of a series of addi-
tional robustness tests of the baseline results, including
accounting for reading time in asynchronous communi-
cation, assuming alternative workday lengths to measure
BHO, and analyses that drop the week of Thanksgiving
and small values of communicative interactions. The
results are robust to these variations.

6. Discussion

This paper investigates how temporal distance between
workers affects patterns of intraorganizational commu-
nication and makes two important contributions to the
literature. First, it settles an empirical debate about the
magnitude of the effect of temporal distance on
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Table 7. Increased Temporal Distance and the Effects on Communication Outside of Regular Business Hours by Gender

and Country Context

Dependent variable: OBH synchronous communication

)

o) ©) 4)

Increased temporal distance X Post 0.174***
(0.045)

Female —0.100%**
(0.037)

Increased temporal distance X Post x Female

No legal limit on weekly work hours

Increased temporal distance x Post X No legal limit

Employee-pair fixed effects Yes

Week fixed effects Yes

Mean of dependent variable 0.355

Employee pairs 266,291

N (employee pair-days) 5,081,304

Pseudo-R* 0.501

0.172%** 0.167*** 0.149***
(0.046) (0.041) (0.057)
—0.101***
(0.039)
0.009
(0.095)
0.085%* 0.080%*
(0.033) (0.035)
0.033
(0.068)
Yes Yes Yes
Yes Yes Yes
0.355 0.328 0.328
266,291 326,971 326,971
5,081,304 7,004,460 7,004,460
0.501 0.501 0.501

Notes. This table displays the estimated effects of increased temporal distance on the volume of synchronous communication taking place
outside of the focal employees’ business hours (OBH), where business hours mean 8 a.m.—6 p.m. Employee pairs appear in each model if they
had nonzero, time-varying communication volume in that mode over the sample period and if they have nonmissing values for gender and
country institutional context. Increased temporal distance takes a value of one for employee pairs who lost BHO due to moves to/from DST and
zero for pairs whose BHO remained unchanged. Post indicates weeks after moves to/from DST. Models estimated via PPML; robust standard
errors in parentheses, multiway clustered at the employee-pair and employee level.

*p < 0.10; **p < 0.05; **p < 0.01.

synchronous communication and presents, to the best of
our knowledge, the first set of causal estimates of this
effect in an organizational setting using DST as a quasi-
experiment. Second, the paper makes a theoretical and
empirical contribution by shedding light on time shifting
and its role in understanding the relationship between
temporal distance and communication. We propose and
identify both demand-side (i.e., nature of the task, the
strength of the collaborative relationship) and supply-
side determinants (i.e., gender, country location) of time
shifting. We then use rich, communication-level data
from a large multinational firm to demonstrate how tem-
poral distance affects the communication patterns of
more than 12,000 employees located in 48 countries using
a novel empirical approach that exploits the annual shift
of clocks into and out of DST. In summary, we find that a
one-hour increase in temporal distance reduces the vol-
ume of synchronous communication by an average of
11%—an effect that is sizable but smaller than expected
given that the loss of approximately one hour of BHO
represents a 19% reduction in opportunities to communi-
cate synchronously during the standard workday among
employees in our sample.

Probing further, we consider the timing of employee
communication, specifically whether communication
occurs inside or outside of regular business hours and
find strong evidence that greater temporal distance
leads employees to shift an increasing volume (and
share) of their work-related communication to outside
of regular business hours. We find that this time-shifting

tendency is significantly more pronounced among
employees in occupations intensive in nonroutine tasks
and in communications involving employees and their
direct superior or team. Descriptive analyses using data
on employee gender and country location suggest that not
all employees are equally well positioned to supply time-
shifted communication when their work demands it.

The paper has several limitations. First, we analyze a
single multinational corporation (MNC) and one three-
month period. Future studies should validate the patterns
we observe across an array of contexts, especially in orga-
nizations that have adopted cutting-edge asynchronous
communication technologies like Slack that offer greater
synchronicity and richness than email. Second, we
acknowledge multiple limitations in our measures of
communication. Espinosa et al. (2015) build on O'Reilly
and Pondy (1979) to argue that both “communication
patterns” (operationalized as communication frequency
and turn taking) and “communication content” shape
how temporal distance affects communication out-
comes. Given that our communication data comes from
a real-world setting, confidentiality concerns prevent us
from observing its content. Nor does it capture commu-
nications sent and received using employees’ private
accounts or other communication technologies. Third,
we empirically capture only some determinants of
employees’ ability to time shift. Future work can investi-
gate the role of additional determinants of time shifting
(e.g., Internet connectivity at home, broader caregiving
responsibilities).
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Despite these limitations, this paper contributes to our
understanding of a ubiquitous source of collaboration
friction by demonstrating that, all else equal, greater
temporal distance between employees leads to sizable
reductions in volumes of rich synchronous communica-
tion. This finding complements research on the sources
of geographic friction for communication and collabora-
tion. This literature, dating back to Allen (1977) and Van
den Bulte and Moenaert (1998), has shown that even
microgeographic distances reduce the likelihood of
impromptu and face-to-face communication within
organizations and collaborative teams (Chown and Liu
2015, Boudreau et al. 2017, Catalini 2018, Chai and Free-
man 2019, Hasan and Koning 2019, Dimitriadis and
Koning 2023). A separate strand of the literature, which
takes a macrogeographic approach, has documented
negative effects from geographic distance and travel
time between potential collaborators based in different
cities (Forman and van Zeebroeck 2012, Singh and Marx
2013, Bikard and Marx 2020, Catalini et al. 2020, Bahar
etal. 2023, Bai et al. 2023) and from social distance in net-
works of employees based in different units and coun-
tries of global firms (Ghoshal et al. 1994, Singh 2005,
Balachandran and Hernandez 2018) on collaboration,
communication, and knowledge diffusion. Our study
contributes to this work by highlighting the negative
and heterogeneous effects of temporal distance. Tempo-
ral distance can help explain why spatial distribution
remains a relevant source of friction for some collabora-
tive relationships, even in the age of low-cost digital
communication technologies (Agrawal and Goldfarb
2008). It is especially important to document these effects
given the rise in the global coproduction of knowledge
in MNCs (Phene and Almeida 2008, Alcacer and Zhao
2012, Choudhury 2017, Kerr and Kerr 2018, Branstetter
etal. 2019, Bahar 2020) and the increase in cross-country
scientific collaborations (Freeman et al. 2014, Bahar et al.
2023), which critically depend on real-time communica-
tion between collaborators.

We also advance the literature on distributed and
remote work (Hinds and Kiesler 1995, 2002; Olson et al.
2000; Cummings et al. 2009; Edmondson 2012; Espinosa
etal. 2015), which has long acknowledged time zone dif-
ferences as a challenge in global work. For example,
Olson and Olson (2000) and Edmondson (2012) describe
various difficulties associated with coordinating work-
ers in different time zones and on different diurnal
rhythms. Nevertheless, Espinosa et al. (2015, p. 160) note
that “the literature that focuses specifically on temporal
separation is very sparse.” Key challenges associated
with studying this topic include objectively observing
intraorganizational communication at a large scale and
finding settings in which temporal distance varies exog-
enously. As a result, research in this area has primarily
been based on surveys of employees’ self-reported com-
munication patterns (Cummings et al. 2009); a notable

causal study was conducted in a laboratory experiment
(Espinosa et al. 2015). In the spirit of work by Kleinbaum
et al. (2013) and recent studies highlighting research
opportunities offered by communication data (Impink
et al. 2020, DeFilippis et al. 2022), we use computer-
generated metadata to devise rich, objective measures of
intraorganizational communication.

Within this literature, our work also extends the hand-
ful of studies that document the practice of time shifting
using interview data (Cummings et al. 2009, Cristea and
Leonardi 2019, Nurmi and Hinds 2020). We show that
this practice is significant but not pervasive; it depends
on the task- and relationship-based demands for time
shifting as well as individuals” ability to work outside of
business hours. We find that women in our sample are
less likely to communicate outside of regular business
hours, but that in the short term, both men and women
significantly increase time shifting as temporal distance
to coworkers increases. This result suggests that employ-
ees are willing to incur personal sacrifices at the margin to
further organizational outcomes; yet employees might
make adjustments to limit such sacrifices in the longer
term, for example, by selecting into collaborations and
tasks that place fewer demands for time-shifted commu-
nication. These results relate to the findings of two recent
studies, which show that in firms with greater temporal
distance to customers (Boler et al. 2018) and headquarters
(Gagliardi et al. 2024), women exhibit larger wage gaps
and lower promotion rates.

Our findings are also relevant to recent studies on
remote work. For instance, Dingel and Neiman (2020)
construct a measure of remote work using surveys from
O*NET. Their measure is a task-level analysis of remote
work potential, taking into account, for example,
whether the task involves “handling and moving
objects” or being “exposed to diseases or infection” (in
which cases, it cannot be performed remotely). How-
ever, as Yang et al. (2022) point out, remote work often
leads to an increase in both the duration of the workday
and unscheduled call hours. This implies that workers’
heterogeneous ability to supply synchronous communi-
cation after hours—a key finding of our study—should
also be considered in measures of remote work potential
for tasks and workers. Our study further implies that
both men and women performing nonroutine jobs and
those who are temporally distant from their managers
and teams are especially likely to experience pressure to
work nontraditional or nonlinear workdays. Anecdotal
evidence suggests that nontraditional and nonlinear
workdays can both benefit and harm workers depend-
ing on their preferences; our study highlights the need to
study the factors that give rise to such workdays.”’
Although some workers might prefer working nontradi-
tional hours, others (e.g., workers with caregiving
responsibilities and /or workers in countries with lower
preferences for after-hours work) might prefer the work
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day to start and end at traditional business hours. Future
research should explore how nontraditional workdays
arise and how they affect worker satisfaction and
productivity.

Finally, our findings hold practical implications for
managers of global companies and for firms choosing
where to open offices. “Follow-the-sun” arrangements
(Espinosa and Carmel 2003, Carmel et al. 2010), in which
globally distributed employees work sequentially
around the clock, can be very effective for employees
engaged in highly routine, noncomplex, administrative,
or predictable patterns of collaboration, who require
very little synchronous communication; they may be
less so for workers collaborating on nonroutine tasks.
Our results suggest that employees collaborating on
nonroutine tasks place a premium on synchronous com-
munication and that employees who are constrained in
their ability to work outside of regular business hours
benefit from being located in a way that minimizes tem-
poral distance—that is, largely on a North-South axis.
For example, though Seattle and San Francisco, or New
York and Sao Paulo, are geographically distant, workers
in each location pair will experience near-complete
BHO. Overall, our study highlights the importance of
carefully weighing locations” benefits as sites of distrib-
uted or offshored work (e.g., access to human capital,
lower wages) against the incremental coordination costs
created by temporal distance frictions.

As the pace of global collaboration accelerates and
firms increasingly explore distributed, remote, and
“work from anywhere” work arrangements (Hinds
and Kiesler 2002, Barrero et al. 2021, Choudhury et al.
2021), our study provides causal evidence of how tem-
poral distance affects synchronous communication and
theorizes both demand- and supply-side determinants
of employee time shifting. Our results have practical
implications for managers organizing within-firm tem-
poral boundaries, suggesting that North-South geo-
graphic corridors (which have no temporal distance
between dispersed collaborators) might generate differ-
ent synchronous communication patterns and different
employee workday structures than East-West corridors.
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Endnotes

" Importantly, results discussed in robustness sections using data
on employees whose temporal distance decreased due to the moves
to/from DST show that this increased synchronous communication
in the short term and provide confidence that the effects we detect
are not the result of scheduling confusion (which would reduce
communication following either change) but reflect the causal
impacts of increased temporal distance.

2In contrast, temporal distance does not directly constrain asyn-
chronous modes of communication, such as email, and can even
enable “follow-the-sun” workflows, which primarily rely on asyn-
chronous coordination and sequential handoffs of work (Carmel
et al. 2010). Therefore, we focus our theorizing on synchronous
communication and provide exploratory analyses of email in Sec-
tion 5.3.

3 Changes in BHO might also have less than proportionate effects if
workers successfully reshuffle interactions within regular business
hours to accommodate the reduced overlap. In Section 5.2.1 and
Endnote 21, we explain that we do not find evidence of successful
reshuffling in our empirical context.

#In a robustness test, we allocate an equal amount of time to the
receiving employee for reading the instant message (or email). The
results are very similar (Online Appendix, Table B.11).

® We collect 2018 city-level time zones from geonames.org. For 5%
of city pairs with fractional overlaps (e.g., 8.5 hours), we round up
to a full hour.

© The list of SOC codes was downloaded from https://www.bls.
gov/soc/2010/#materials in January 2021, and the occupational
non-routineness scores from David Autor’s web page (https://
economics.mit.edu/faculty /dautor/data/acemoglu). Approximately
5,000 unique job titles were coded to the list of 1,110 SOC codes. Two
coders independently coded each job title; a third reviewed these
choices and selected the best match if they were different. The
research team coded a 5% random sample of titles and calculated the
overlap rates with the coders’ final choice. These checks exceeded
80% inter-coder overlap. In further assurance, Table A.1 in the Online
Appendix displays nonroutineness scores by employee function:
those in arguably more complex roles (R&D and “Other,” which
includes roles in strategy, marketing, law, tax, etc.) have significantly
higher nonroutineness scores than production and IT employees.

7 The data on reporting relationships were collected in March 2018,
four months after the communication data. To minimize measure-
ment error resulting from changes in the reporting structure during
this period, we code a relationship as Superior & direct report and
Same team only if the focal employee did not change their desig-
nated subunit between November 2017 and March 2018. Subunits
in the Firm are larger than teams but smaller than business func-
tions; 15% of employees changed their subunit during this period.
We cannot identify Superior & direct report dyads if either the
employee or their manager left the Firm during the four-month
period. As a result of these two data limitations, we fail to identify
some strong collaborative relationships and code them as “other”
dyads. This measurement error, if severe, makes it more difficult


https://www.geonames.org/
https://www.bls.gov/soc/2010/#materials
https://www.bls.gov/soc/2010/#materials
https://economics.mit.edu/faculty/dautor/data/acemoglu
https://economics.mit.edu/faculty/dautor/data/acemoglu
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for us to detect differences between strong collaborative relation-
ships and other dyads and hence constitutes a harder test of our
theory.

8 We provide a detailed description of the approach in Section A.4
of the Online Appendix. Data on employee names were collected in
December 2019. We cannot assign gender either when a name is of
ambiguous gender or if the employee left the firm in the interim
period. Employees to whom we cannot assign a gender for either
reason are not included in the analyses using gender.

9 Gee https://www.ilo.org/dyn/travail /travmain.home. We use
data on the limits on “Normal weekly working hours,” which are
hours of work fixed as such by laws and regulations in excess of
which any time worked is remunerated at overtime rates.

10 With 12,038 sample employees, the number of potential dyads
equals (N(N — 1)/2). However, most employee pairs do not commu-
nicate during the sample period and would drop out of the analy-
sis, which includes employee-pair fixed effects. We also only
include pairs not colocated in the same building (i.e., who are geo-
graphically distributed).

" In 2019, Brazil passed a law under which it no longer observes
DST (DECRETO N°9.772).

2 Among dyads who lost BHO in our sample, 87% lost 1 hour; the
mean loss was 1.1 hours. Among dyads who lost overlap, the mean
value of BHO before the moves to/from DST was 4.9 hours.

13 Because cities move into/out of DST at different times, some pairs
experience a change in BHO when one city in the dyad shifts and a
second change when the other city shifts. For example, Australia
and the United States gained one hour of BHO when Australian cit-
ies shifted their clocks forward on October 1, 2017, and a second
hour when U.S. cities shifted their clocks backward on November 5,
2017. We define Post using the week of the earliest shift. During the
sample period, 22% of employee pairs experience an increase in tem-
poral distance and 68% no change. The remaining 10% experience a
decrease in temporal distance (Online Appendix, Figure B.2). In
robustness tests reported in Section 5, we create a binary variable
Decreased temporal distance X Post, which equals one for pairs that
experienced an increase in BHO and zero for the control group and
examine the effects of decreases in temporal distance.

1 Silva and Tenreyro (2006) point out that in such settings, estima-
tions using log-linear OLS models are inconsistent. The PPML esti-
mation can be easily implemented using the ppmlhdfe Stata
package developed by Correia et al. (2020). For comparison, we also
show OLS estimates in the Online Appendix, Tables B.1 and B.2.

5 The did_imputation Stata command does not support infer-
ence results for multiway clustering. To allow for error correlation
beyond the focal employee pair, we cluster at the city-pair level for
the imputation analysis.

18 We present the RD results using dyads that gained BHO as a
robustness test in the Online Appendix. As with the DiD results,
these point to increased communication volumes and alleviate con-
cerns that the effects we detect are due to confusion.

7 All cities in our sample shift clocks on Sunday (with the excep-
tion of those in New Zealand, which shift on Monday), which we
define as the first day of the week. Week 0 is the first week in which
a pair experiences a change in BHO, that is, the first seven days of
treatment.

18 Beyond being in line with prior studies, these bandwidths are
also well suited to our empirical context because 25 days is the
length of time most employees are observed after treatment (as
most cities move to/from DST on November 5 and our sample
period ends on November 30) and 50 days is roughly the maximum
amount of time pairs are observed. For transparency, we also pre-
sent results using the Calonico et al. (2017) mean squared error-

optimal bandwidth in the Online Appendix, Table B.2, which tends
to be shorter (nine days) due to our large sample size; however,
concerns about bias in larger bandwidths are lessened in our con-
text because covariates do not change discontinuously around the
cutoff. We use a uniform kernel, as Imbens and Lemieux (2008)
argue that other weighting schemes generate few practical benefits.

19 As an additional check, we present the results of a cross-sectional
“gravity style” regression of communication volumes on temporal
distance and other dimensions of distance (geographic, cultural,
language differences) in Section B.7 of the Online Appendix.
Although these correlational results should be interpreted with cau-
tion given the empirical challenges we describe in Section 4, they
are consistent with the causally identified results in direction; they
are somewhat smaller in magnitude.

20 Given that the DiD and RD results showed similar patterns in the
main analysis, we proceed with the DiD strategy, especially because
the sample sizes of treated dyads in many of the subsamples are
small, which significantly limits the power for an RD analysis. For
added robustness, we also present the results of DiD models using
triple-interaction terms in Section B.3 of the Online Appendix.

2! These patterns help to rule out an alternative “time reshuffling”
mechanism, that is, the possibility that total communication
volumes remain unchanged or fall less than proportionally because
they are successfully reshuffled inside business hours.

221 jke other studies using DST, for example, Smith (2016), we find that
the magnitude of effects is not symmetric. The negative effects of
increased temporal distance appear more significant and persistent
than the positive effects of decreased temporal distance, which diminish
over time. This could imply that employees initially over-respond posi-
tively to increased opportunities to communicate synchronously, then
adjust over time. It could also point to heterogeneity in effects among
employees who tend to communicate more frequently and thus are
more likely to contribute to identifying effects in the shortest 10-day
bandwidth and those who communicate more sporadically.

2 Gee https://www.bbc.com /worklife/article/20220928-the-non-linear-
workdays-changing-the-shape-of-productivity.
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