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Dear Longaqi,

Thank you once again for your manuscript, entitled "The Effects of Remote Work on Collaboration
Among Information Workers", and for your patience during the peer review process.

Your Article has now been evaluated by 3 referees. You will see from their comments copied below
that, although they find your work of potential interest, they have raised quite substantial concerns. In
light of these comments, we cannot accept the manuscript for publication, but would be interested in
considering a revised version if you are willing and able to fully address reviewer and editorial
concerns.

We hope you will find the referees' comments useful as you decide how to proceed. If you wish to
submit a substantially revised manuscript, please bear in mind that we will be reluctant to approach
the referees again in the absence of major revisions. We are committed to providing a fair and
constructive peer-review process. Do not hesitate to contact us if there are specific requests from the
reviewers that you believe are technically impossible or unlikely to yield a meaningful outcome.

To guide the scope of the revisions, the editors discuss the referee reports in detail within the team,
including with the chief editor, with a view to (1) identifying key priorities that should be addressed in
revision and (2) overruling referee requests that are deemed beyond the scope of the current study.
We hope that you will find the prioritised set of referee points to be useful when revising your study.
Please do not hesitate to get in touch if you would like to discuss these issues further.

You will see from their comments that the reviewers are somewhat divided in their views of the
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contribution your manuscript makes. From an editorial standpoint, we feel that your study has the
potential to offer an evidence-based advance by bringing a large-scale dataset to bear on an existing
question, provided that it can be strengthened with additional analyses and evidence. Specifically, in
order for us to consider your study further on this basis, your revision must address the following (as
well as all other reviewer comments):

1. Carry out the additional analyses requested by Reviewer 3 to demonstrate impacts on work
outcomes, including new data to the extent possible.

2. Address Reviewer 3’s concerns about the clarity and validity of your causal identification strategy.

3. Ensure that claims are fully supported. Reviewer 3 highlights several ways in which more evidence
is needed, including the need for further justification of variables, explanation of the data, and
consideration of alternative operationalizations and measures.

4. Ensure that the context and limitations of your study are thoroughly discussed, including the
limitations on generalizability highlighted by the reviewers.

5. More fully situate your study within existing literature, as requested by both Reviewers 2 and 3.

Finally, your revised manuscript must comply fully with our editorial policies and formatting
requirements. Failure to do so will result in your manuscript being returned to you, which will delay its
consideration. To assist you in this process, | have attached a checklist that lists all of our
requirements. | have also attached a template manuscript file that exemplifies our policies and
formatting requirements. If you have any questions about any of our policies or formatting, please
don't hesitate to contact me.

If you wish to submit a suitably revised manuscript we would hope to receive it within 6 months. We
understand that the COVID-19 pandemic is causing significant disruptions which may prevent you
from carrying out the additional work required for resubmission of your manuscript within this
timeframe. If you are unable to submit your revised manuscript within 6 months, please let us know.
We will be happy to extend the submission date to enable you to complete your work on the revision.

With your revision, please:

« Include a “Response to the editors and reviewers” document detailing, point-by-point, how you
addressed each editor and referee comment. If no action was taken to address a point, you must
provide a compelling argument. This response will be used by the editors to evaluate your revision
and sent back to the reviewers along with the revised manuscript.

= Highlight all changes made to your manuscript or provide us with a version that tracks changes.
Please use the link below to submit your revised manuscript and related files:

[REDACTED]

<strong>Note:</strong> This URL links to your confidential home page and associated information
about manuscripts you may have submitted, or that you are reviewing for us. If you wish to forward
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this email to co-authors, please delete the link to your homepage.

Thank you for the opportunity to review your work. Please do not hesitate to contact me if you have
any questions or would like to discuss the required revisions further.

Sincerely,
Aisha

Aisha Bradshaw
Editor
Nature Human Behaviour

Reviewer expertise:
Reviewer #1: labour economics, workplace productivity
Reviewer #2: remote work

Reviewer #3: remote work, team effectiveness

REVIEWER COMMENTS:

Reviewer #1:

Remarks to the Author:

This is a truly great paper - really fantastic. Amazing data, completely believable results and well
executed. Indeed, | would love to cite this when it's published and learned a lot. A few minor points:

- Entropy is (for economics) a strange concept. Is there some easier to explain measure -
concentration for example?

- Figure 2 might look nicer (or better anyway) with Cl bars on it (or maybe that is not Nature house
style)? At least for economics journals it would be normal to have CI bars around each point.

- It was very odd for me reading Figure 3 before seeing the estimating equation and data. It felt like a
"trust me" moment, but again | think that's maybe Nature style (put the details at the back)? Ideally |
would want to know the data and approach underlying any results in advance as it helps to interpret
them.

- Figure 4 would seem better in a Figure 3 set-up (coefficients with standard-errors). | don't think the
time series for these is particularly important, but | do think Cls are so | can see what is (or is not)
significant (versus noise)?

- Figures 7, 8 etc were hard to read (I physically printed the paper to read it first actually) as one of
the colors was very light. | would personally make both darker so it's easy to see.

- On terminology what you call "Hybrid WFH" is normally called "Mixed-mode", which is some people
in the office and some at home. What you call "some teams come in on some days..." is usually called
"Hybrid", for example the Google 3-2-2 model. | am aware this terminology is not standardized, but
from talking to a lot of CEOs, execs and journalists this seems to be the most common way to define
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these terms.

- Finally, i fully agree with the sentiment of the conclusion. If people are in a hybrid situation with the
entire team coming in 3 days and WFH for 2 days that is probably the best of both worlds. Enough
time in the office to bridge and bond and enough time at home to work quietly and save on commute.
And yes Mixed-mode is typically seen as an absolute disaster - i have yet to talk to a single manager
who likes it (and I've probably spoken to maybe 200 to 300 managers since March 2020).

Reviewer #2:

Remarks to the Author:

The paper is timely because it addresses some critical issues relating to working from home versus
working in the office. It is well written with some minor suggestions for improvement:

1. This is a US-centric paper with only data collected in the United States. There should be a
justification for why you chose the US because working from home and during COVID-19 is an issue
across the globe. Are the lessons or insights for other countries?

2. What was Microsoft’s policy on working from home prior to the pandemic? | understand some
employees already worked from home; however, what was the prevalence of this mode of working?
Were there metrics in place to measure the effectiveness of working from home pre-COVID (including
collaboration and communication)?

3. It would be useful to include that point in the background that some organisations in the technology
sector (for example, Yahoo and IBM) required employees to be in the office for the very reasons the
authors are suggesting are problematic (collaboration and communication). That is, not all
organisations in the tech sector or elsewhere are necessarily going to find working from home or even
a hybrid model suitable (or were unsuccessful in previous years). | suggest including this point
because it shows that this mode of working has been tried before — what will be different this time?
4. Developing relationships with new contacts can only occur if there is a mechanism of some kind to
bring new people together (for example, working on a new project with new colleagues). Otherwise,
there are no opportunities for workers to meet new colleagues. That is why we have face to face
meetings and social gatherings. This is very difficult to replicate online and can be very stressful for
some employees. How can new and existing employees have opportunities to meet and develop
relationships? The finding that people tended to rely on existing networks and relationships makes
sense in this context.

5. The Microsoft experience is likely to be very different from other organisations such as those in the
Finance sector, Education, Transport, Tourism and Government workers. This is one case study and
the data is very specific to Microsoft. This point should be emphasised.

6. The method to collect data provides some good insights into how workers communicated and
collaborated but only during the pandemic. It is important to stress that this way of working was
mandated and employees and their managers had no choice but to adjust.

7. The statement ‘The most effective way to determine the benefits and downsides of different hybrid
work approaches will be through randomized field experiments” is not supported by any literature.
Why have the authors suggested this is the most effective way? The statement needs to be justified.
The emphasis appears to be on quantitative methods .

8. To be able to understand how the employees felt about this way of working and if they prefer
working from home, how productive they felt they were and whether the technology they used to
communicate and collaborate was effective (for the purposes of their ability to achieve the outcomes
they need to achieve) aligns with qualitative methods. We would need to have a better understanding
from the perspective of managers and their employees on the most effective mode of working will be
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post-COVID-19 in addition to measuring outcomes.

Reviewer #3:

Remarks to the Author:

Key Results

Data on collaboration patterns and communication technology use were collected from nearly 62,000
US Microsoft employees (9,727 managers and 52,135 non-managerial positions) from February 2020
to June 2020. During this time, all employees had to shift to work-at-home (WAH — or WFH work from
home) work (early March) due to COVID. This context provided a natural experimental setting.

Analyses was done to compare February collaboration patterns and communication media use (pre-
treatment/shift to WAH/WFH). The results indicated no significant change in the number of
connections made (i.e., people collaborated with); however, fewer “new” connections were made and
less time was spent with the “new” connections (new was defined as someone who was not contacted
the previous month). More time was spent with existing connections (presumably defined as people
with whom one communicated with twice in the previous month). There was also a negative pattern
with the number of groups interacted with. The analyses of the use of communication media found
that the number of unscheduled calls (audio or video using Microsoft Teams) and the number of
instant messages sent increased dramatically.

Validity

When | was invited to review this paper and provided with the abstract, the final sentence of the
abstract interested me, as it suggested important findings (especially given the large data set). It
says: “Our results suggest that firm-wide remote work may lead to communication patterns that
hinder the collaborative production of high-quality knowledge work...”. After reviewing the paper
carefully, I was disappointed in the support for this suggestion, and for many of the suggestions in the
paper about the effect of remote work on collaboration. Given what was measured, there is no
empirical evidence to allow the authors to determine if the communication patterns did affect the
collaborative production of high-quality knowledge work.

The theory presented for the possible effect of collaboration on information work is the need for
structurally diverse networks (both strong and weak ties) so one has access to novel ideas to
stimulate innovation. As | read through the introduction and this logic, it led me to possibly expect
network analyses and some relevant outcome such as novel ideas/information shared. However, the
data and results presented were limited to communication and collaboration patterns, as outlined
above. Also, beyond splitting the respondents by managerial versus non, there is no data on the type
of work done, which could affect the need for information and innovation. Having access to diverse
ideas is important for some types of work, but less in others. And the interdependence of activities can
affect how much one person relies and needs to interact with others to get their job done well.

So overall, while it appears the analyses presented were validly done (see my comments below about
my limited ability to assess this), the more general implications for the results lack much validity.

Originality and Significance
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The volume of longitudinal data during the shift to work at home presents a significant opportunity to
gain insights regarding the effect of this shift. My invitation to review listed several categories of
acceptable manuscripts. As far as | can tell, there is no methodological or conceptual novelty (i.e.,
there is no theoretical contribution). The category that the paper might fit into is an evidence-based
advance. This is defined as acceptable “if its scale and/or rigour supersede the existing literature and
significantly strengthen confidence in a scientific finding or convincingly falsify it.

The scale of the data collected and analysed is impressive. While | cannot claim to know every study
on remote work, | can’t recall ever seeing a study have such a large number of respondents. So do
the results also significantly strength confidence in previous findings (or falsify them?

Moving everyone to work at home stopped their ability to meet face-to-face (F2F) — for formal
meetings, ad-hoc interactions, etc. The work continued so they adapted to use the communication
channels they had available to interact (once they were forced to WAH). Therefore, it is not surprising
that the number of communications via text and Teams (audio and/or video) increased. It would have
been very surprising (and worrying) if it had not. The Information Systems field (and others) have
studied the use and characteristics (e.g., richness) of various types of communication media for
decades in various contexts. Having to rely more on electronic communication tools when separated
virtually is well understood. Therefore, | would suggest that the originality and significance of the
findings with respect to the communication media use is quite low.

The work isolation caused by forcing people to work from home did change some of the collaboration
patterns. There are various terms used in research that are relevant to WAH including telecommuting,
remote work, virtual work, virtual teams. These various work practices have been studied by different
disciplines (e.g., Information Systems Organizational Behaviour, Psychology, etc.) for at least 3
decades, with more emphasis on virtual teams lately. Telecommuting and work at home has existed
even longer, since this type of work was possible for some roles before communications technology
evolved/improved (which made the practice possible for a larger number of types of jobs). Certainly
an important thread of study in all these practices is how to create “effective” communication to
enable productive work. There are various theoretical perspectives applied and studies that attempt to
understand the nuances of what effective means and how to enable it (e.g., creating psychological
safety, avoiding attribution errors, etc.). So, is a large-scale study that confirms that remote work
changes collaboration patterns a significant contribution? | would lean towards thinking no. However, |
found it interesting that the number of connections did not significantly decrease (Table S1 — Total
effect). The main finding is that an individual forced to WAH narrows their focus to existing
connections, such that “new” connections and the number of groups interacted with decreases. | am
not surprised by this, at it would be easier to reach out to colleagues that you already have a
relationship with, and that you have on-going interdependent activities with.

I will leave it to the editors to decide if the paper fits what they feel is an evidence-based advance.
Certainly the topic is very timely and will be of interest to many people and organizations.

Data and Methodology and Analytical Approach

A key strength of this study is the longitudinal data, subject to the shortcomings and suggestions
presented below. | would like to have seen more explanation about how the data were collected and
how the various constructs were conceptually defined, and why they were operationalized the way
they were. This is explained somewhat in the methods section, but more information would be helpful.
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What data was measured in February? It is not clear to me if for the people working at a corporate
office, did the measure of scheduled and unscheduled meetings include non-Teams interaction? At this
point, likely much of the informal interaction was F2F. On page 13, you suggest that the total
synchronous communication when down, both on and off Teams. So do you have a measure that
captured synchronous scheduled and unscheduled meetings, regardless of the communication medium
used (i.e., it includes F2F, as well as technology-mediated communication)? Also, could you provide
descriptive information on the characteristics of the participants and their jobs/tasks? This could help
the reader understand the generalizability of your findings.

Suggested Improvements

Experiments have some causal explanatory power because of the use of control groups and random
assignment. | understand that since this was a natural experiment, there is no random assignment. |
have limited understanding of the DiD statistical technique; however, the reading | did on it certainly
emphasized the need for a control group. Do | understand correctly that the control group in your
analyses is the employees that were working remotely in February? Clarifying this would be helpful for
readers. Assuming that is the logic, then isn’'t there a confounding factor to the analyses that happens
when a remote worker’s co-workers all are forced to work from home in March? So in one sense, | am
struggling to see how the February WAH employees can be a control group for the duration of the
analyses since the “treatment” definitely affected them too.

I was particularly bothered by three things and hope you may be able to find ways to address these.
1. Your definition of a new connection. This was defined as someone who was not communicated with
in the previous month (but was in the current month). To me, this does not necessarily equate to a
weak tie. I could know someone quite well, but maybe our need to interact is sporadic or seasonal,
based on the tasks that are on-going. Much of the contribution of your paper rests on the ability to
argue that remote work hurts the ability to create new weak ties, which can hurt one’s ability to
innovate. Here are two thoughts | have that might help. One, could you provide more analyses to
show different definitions of “new”, such as the person has never interacted with the individual over
your data collection period or maybe you have other data available to that you could use to provide
levels of newness? Two, can you provide more conceptual explanation and background on the
meaning of weak ties in structural networks and how this has been operationalized in past work?

2. Your lack of work outcome variables. Do you have access to any additional data for any of your
subjects that might allow you to investigate their work outcomes, and explore for the impact of the
changes in collaboration patterns and use of communication channels? This could be done on a small
scale (i.e., a sub-set of your data). And/or could you do some network analyses for some of your
subjects to more closely examine weak ties, strong ties and structural diversity changes? If any of this
was possible, it would strengthen your potential contribution and lend support to your suggestions, in
my opinion.

3. Can you clarify the nature of the tasks/work that people were doing?

Past research has shown that WAH/virtual work fits some types of tasks very well and is more
challenging for others. Do you have any data that you can add to your analyses to explore if and how
the patterns changes for different types of roles? Being able to get some understanding for the need
for interaction would be helpful in understanding your results and possibly providing better guidance
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for application of your findings. For example, if | am working on a task that | can do mostly by myself,
being isolated for that work is not going to drive me to create ad-hoc interactions with others (as
much as it would if 1 was doing something that relied on others /or they relied on me).

Clarity and Context

The paper is well written and generally easy to follow. | found the layout of the paper surprising, but
presumably this fits with journal expectations. My “normal” expectation for most journals | review for
would be some early discussion of what is known, then theoretical perspectives possibly leading to
hypotheses to examine, an explanation of the method, then results and discussion of implications and
limitations. The current paper starts with 4 pages of introduction, then results, then discussion, and
the method description is at the end.

References

As mentioned above, there is considerable research on working at home/virtually in different
disciplines. A small amount of this is referenced in the first few pages. The positioning of your work
within the existing body of knowledge needs to be strengthened. For example, on page 4, you provide
some references to previous work where you conclude previous research was restricted to two types
of work, and/or did not examine causation. While | agree the effect of remote work will be moderated
by the type of task, your summary of past work is very limited. Unfortunately (and somewhat ironic
given the topic of your paper), | am prepared this review from home and can’t access my office due to
COVID restrictions. If I could, I could point you to some previous summaries of the literature (e.g., |
know | have a fairly old book that is a review of past work in the area); however, there have been
summaries of literature on various related topics published in journals over the years so you should be
able to strengthen your grounding with some more comprehensive searching.

My expertise

My home discipline is Information Systems, with largely a focus on topics that bridge organizational
behaviour (i.e., technology-enabled work practices). A major research area of mine for the first 15
years or so of my career was investigating remote work and remote teamwork (virtual teams).
Therefore, while I am not totally up to date with the literature, | have a reasonable sense of the
relevant knowledge base. My knowledge of the statistical techniques used in this paper is definitely
limited and that is an important limitation the editors should be aware of. | am not very familiar with
Differences-in-differences modelling. | am comfortable with statistical techniques such as regression,
SEM, and multi-level modelling (to a limited degree). | interpreted the supplemental tables as | would
regression results. It is important that someone on the review team can assess the validity of the
analyses in detail, as | have assumed the various approaches used by the authors meet standard
expectations (e.g., CEM weighting, etc.). My expertise in terms of research methods includes surveys,
experiments, case studies (including qualitative data analyses), largely from a soft-positivist view.

‘ Author Rebuttal to Initial comments
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Dear Nature Human Behaviour Editors and Reviewers:

Thank you for the opportunity to revise and resubmit our work to Nature Human
Behaviour. We are glad that you see its potential contributions to both policy and research,
and appreciate the helpful feedback and comments you have offered. We have taken great
care to respond to each of your requests and to revise our submission accordingly. The new
revision represents a good faith effort on our part of addressing everyreviewer concern. A
summary of the substantial changes we have made follows herein.

In responding to all of the helpful reviewer comments, we significantly rewrote most, if not
all, of the manuscript. We chose not to highlight all of the changes, as it would require us to
highlight nearly the entire paper. This would have made the paper difficult to read. Instead,
we chose to place a disclaimer at the beginning of the paper.

Editor

You will see from their comments that the reviewers are somewhat divided in their views of the
contribution your manuscript makes, From an editorial standpoint, we feel that your study has
the potential to offer an evidence-based advance by bringing a large-scale dataset to bear on an
existing question, provided that it can be strengthened with additional analyses and evidence.
Specifically, in order for us to consider your study further on this basis, your revision must
address the following {as well as all other reviewer comments):

We have overhauled the entire paper in response to the excellent reviewer feedback we
received. Detailed responses follow in our responses to specific reviewer comments, but
below we will give you a high-level overview of how we have responded to each of your five

points.

1. Carry out the additional analyses requested by Reviewer 3 to demonstrate impacts on work
outcomes, including new data to the extent possible.

Reviewer 3 offered two avenues for improvement in this regard and we explored both
thoroughly. First, they suggested analyzing work outcomes on a subset of our data. To do
so we focused on the software developersin our data set and analyzed their work output
in terms of lines of code written, number of code submissions, pull requests etc. We
present all of the details of this analysis in response to Reviewer 3. As you will see, we
conducted extensive analyses looking for signal in this data. Unfortunately, our analysis
was too underpowered to yield any statistically significant results because the number of
developers working remotely before the work from home (WFH) mandate wastoo small
and the measures of developer productivity available to us did not carryvery much signal.
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Their second suggestion of conducting more network analyses, however, was much more
fruitful. As a result, we have dramatically expanded the network analysis section of our
paper (see pages 9-14). The story that emergesis that firm-wide remote work caused the
collaboration network among employees to become more siloed, with fewer connections
between siloes and more connections within the siloes, and more static, with fewer
connections being added and fewer connections being deleted, We believe this reviewer’'s
comments have substantially improved our paper and we are grateful for it.

2. Address Reviewer 3’s concerns about the clarity and validity of your causal identification
strategy.

We now devote over three pages (pages 27-29) in our Methods section to describing our
causal identification strategy, stating the assumptions that we make for that strategy, and
validating the plausibility of those assumptions with evidence and analysis.

3, Ensure that claims are fully supported, Reviewer 3 highlights several ways in which more
evidence is needed, including the need for further justification of variables, explanation of the
data, and consideration of alternative operationalizations and measures.

We have updated the framing of the paper, and in our reframing of the paper we focus on
the effects of firm-wide remote work on collaboration and communication, rather than
productivity and innovation where the data was less able to support the claims we were
making.

We also added more details to the Methods section on the data collection process and how
each of the measures in the paper is calculated. We also now consider alternative
definitions of added ties, and calculate multiple different measures of concentration of the
distribution of time spent with collaborators.

4. Ensure that the context and limitations of your study are thoroughly discussed, including the
limitations on generalizability highlighted by the reviewers.

Thank you for your feedback. We have expanded the paragraph in the Discussion sectionto
addressall of the limitations brought up by the reviewers. For your convenience we have
copied the text here:

Our work is not without its limitations. First, our study characterizes the impact of firm-wide
remote work on the U.S. employees of one major technology firm. Although we expect our
results to generalize to other technology firms, this may not be the case. Caution should also
be exercised in generalizing our results to other sectors and other countries. Second, the
period of time over which we measure the causal effects of remote work are quite short (three
months), and itis possible that the long-term effects of firm-wide remote work are different.
For example, at the beginning of the pandemic, workers were able to leverage existing
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network connections, many of which were builtin person. This may not be possible if firm-
wide remote work were implemented long-term. Third, our analysis treats the effects of firm-
wide remote work on peoples’ collaboration networks and communication media usage as
separate, whereas these two types of effects may interact and exacerbate one another.
Fourth, while we believe that changes to workers' communication networks and media will
affect productivity and innovation, we are unable to measure these outcomes directly. Finally,
our ability to make causal claims is predicated on the validity of our modified DiD framework's
identifying assumptions: parallel trends, conditional exogeneity after matching, and additively
separable effects, Although we have taken steps to verify the plausibility of these assumptions
and tested the robustness of our results to an alternative matching procedure [56] (see the
Methods section for more details), they are assumptions nonetheless.

5. More fully situate your study within existing literature, as requested by both Reviewers 2 and
3.

Thank you for your feedback. As we note in our response to Reviewer 3, we have updated
the introduction section of the paper, and now spend much more time situating our study
within the existing research literatures that study networks in business organizations,
communication media choice/usage, and virtual teams / remote work. In addition, we now
devote the entirety of page 5 to describing previous work on remote work, virtual teams,
and telecommuting, and articulate our specific contributions to this large literature, As
Reviewer 3 suggests, one way in which we differentiate our work from prior work is the
scale of data we analyze. Second, the fact that we analyze a natural experiment allows us
to estimate causal effects of firm-wide remote work on collaboration networks and
communication media. Research with causal identification underthe Neyman-Rubin causal
model is specifically called out as an important way to advance the field in the recent
survey of the telecommuting literature by Allen et al (2015):

“Moreover, given the difficulty of conducting random-assignment experimental
studies on a large scale, it would be useful to consider other analytic models (e.g.,
Rubin analytic model, regression-discontinuity approaches) to help support or refute
causation in telecommuting studies (Hanges & Wang, 2012).”

Finally, our modified DiD analysis allows us to measure and isolate the effects of an
individual switching to remote work from their collaborators switching to remote work.
The two measurements will be of increasing important going forward as firms consider
hybrid, mixed-mode, and fully remote work policies.

Reviewer 1

This is a truly great paper -really fantastic. Amazing data, completely believable results and well
executed. Indeed, | would love to cite this when it's published and learned a lot. A few minor
points:
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Thank you for your support of the manuscript. We are glad that youfoundthe data
interesting and the study to be well executed. We also appreciate yourfeedback and have
worked to improve the paper as described below.

- Entropy is (for economics) a strange concept. Isthere some easier to explain measure -
concentration for example?

Thanks for this feedback. The main insight we were trying to communicate with entropy as
an outcome measure was that the shift to firm -wide remote work was making workers
spend more time with their strong ties and less time with their weak ties. In order to make
this point more directly and also make our results more easily interpretable, we have
replaced our entropy outcome with one that directlymeasures the share of time that
workers spend with their “weak” ties (i.e., those below the worker-level median in terms of
time spent in a given month). Our descriptive and causal results for this new “share of time
spent with weak ties” outcome are shown inthe updated Figures 2(h) and 3, respectively.
The relevant portions of these figures are copied below for convenience:

Figure 2{h}:

(h) Share of time w/
weak ties

Dec Jan Feb Mar Apr May Jun

Figure 3:
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Share of time w.r‘J
weak ties
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All switch to remote effect

And the portion of the results section where we discuss our results for this outcome are
copied below:

The ability of a worker to effectively access knowledge from other parts of an organization is
a function not only of the organizational and/or topological diversity of their connections, but
dalso of the strength of those connections. For each month, we classify ties as “strong” when
they are in the upper 50% of an employee's ties in terms of hours spent communicating, and
as “weak" otherwise. Although by definition, weak ties wiif always get less of an employee's
time than strong ties in a given month, we find that the shift to remote work reduced the
share of time workers spent collaborating with weak ties by .32 FV, (£ < 0.001).%" These
results indicate that above and beyond the impact of firm -wide remote work on the
organizational and structural diversity of workers' ego networks, the shift to firm-wide remote
work also made the allocation of workers' time more heavily concentrated.

We have kept our previous entropy results as a robustness check on this new analysis, and
have also added an additional robustness check where instead of measuring the effect of
firm-wide remote work on the entropy of worlers’ time spent across their different
colleagu es, we measure a normalized version ofthe Herfindahl-Hirshman Index {HHI) for
the same distribution of time spent. These robustness checlks are described in foomote 7,
which is copied below:

Since the median is just one possible cutoff to distinguish between strong and weak ties, we
aiso analyze the entire distribution of collaboration time for each worker and confirm that the
average ego-level normalized Herfindahl-Hirschman Index {HHI) [43] of the collaboration time
is increased by remote work, and that the average ego-level Shannon entropy [44] of
collaboration time is decreased by remote work. The effects of firm-wide remote work on both
of these outcomes are found in Table S2.

Table 52, which contains our entropy and normalized HHI results, is copied below:
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#Churned # Added % time with  Network
; : ) HHI
ties ties added ties entropy
Egoswitch  0.014  -0.043%%  _0.002%%% 032k (. [27%F*
toremote (8)  (0.013) (0.011) 0.019) 0.004)  (0.030)
Collab. switch  -0.066"**  0.005 -0.203% % L0.039%F (). 240%
toremote () (0.019) 0.017) (0.030) 0.006)  (0.054)
Total effect  -0.053**  -0.038*  -0.295%%* _0070%** (367
(6+38) (0.019) (0.016) 0.027) (0.005)  (0.048)
Indiv. FE Y Y Y Y Y
Month FE Y Y Y Y Y
R (Total)  0.793 0.789 0.535 0.875 0.689
R? (wlo FE)  0.000 0.000 0.005 0.009 0.004
N 61861 61,861 61,861 61,861 61,861

Table S2: Effects of remote work on collaboration networks (part 2). These are coefficients
from regressions based on Equation (1). The first line is effect of an employee switching, the
second line is the effect of all an employee’s collaborators switching and the third line is the sum
of the two, all normalized by the average level in February. All regressions include individual
and month fixed effects. The dependent variables are the number of churned ties, the number
of added ties. the share of time spent with added ties, the Shannon entropy of the distribution
of time spent collaborating with each of their collaborators, and the normalized HHI index of
the distribution of time spent collaborating with each of their collaborators. Standard errors are
clustered at the level of the employee’s manager. * indicates p < 0.05; ** indicates p < 0.01;
*#* indicates p < 0.001.

- Figure 2 might lock nicer (or better anyway) with Cl barson it (or maybe that is not Nature
house style)? At least for economics journals it would be normal to have Cl bars around each

point.

Thanks for this comment. Figure 2 in our submitted manuscriptdid have Cl bars on each
point, however, they were so small that we think it may have appeared that we were using
short lines, as opposed to round circles, to mark points on the graphs. Also, for at least one
su bfigure (Figure 2c), the Cl bars were too narrow to show up clearly in the figure.

To reduce confusion, we have changed figure legends elsewhere in the paper, and have
tried to reformat Figure 2 to make the distinction between data points and error bars
clearer, where possible. We have also made clear in the Figure 2 caption (and in captions
elsewhere in the paper) which visual components correspond to data points, and which

correspond to error bars.

The updated version of Figure 2 is copied below:

natureresearch
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(a) # ties (b} # groups (c) # cross-group (d) Share of time w/
g s ties cross-group ties

(e} # bridging tios | (1) Share of time w/ (g) Indiv. (h) Share of time w/
: bridging ties clustering coel, weak ties

Normalized value

(i) # churned ties (i} # added ties (K} Share of time w/
D added ties

Figure 2: Ti
for the collabo

on network variables for all employees. Each variable is normalized by the
average February Value for that variable. The variables are employe
network 1

ties, () ties

average number of (a)
. (b} distinct business groups in which they have a collaborator. (¢) cross-group

e structural holes in the network, (g) individual clustering coefficient, (i)
1 the previous month that they did not collaborate with that month, and (j)
added collaborators they did not collaborate with the previous month, as well as the share of
time spent with (d) cross-group tes, (f) bridging ties, (h) weak ties, and (k) added ties. Vertical
bars depict 95% confidence intervals, with standard errors clustered at the team level, but are in
most places not much taller than the data points

collaborators fr

- It was very odd for me reading Figure 3 before seeing the estimating equation and data. It felt
like a "trust me" moment, but again | think that's maybe Nature style (put the details at the
back)? Ideally | would want to know the data and approach underlying any results in advance as
it helps to interpret them.

The order of the sections is dictated by the Nature Human Behaviour style guidelines,
which we follow. We agree that this leads to a “trust us” moment, but our hands are tied in
this regard.

- Figure 4 would seem better in a Figure 3 set-up (coefficients with standard-errors). | don't
think the time seriesfor these is particularly important, but | do think Clsare so | can see what
is (or is not) significant (versus noise)?

Figure 5 has the communication media results analogous to the network results in Figure 3.
We've left Figure 4, which is analogous to Figure 2, for people who want to be able to
compare the causal effects and the non-causal time trends.
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As noted above for Figure 2, Figure 4 has Cl, but some of them are too small to be seen
clearly. Aswith Figure 2, we have tried to reformat Figure 4 to make the distinction
between data pointsand error bars clearer, where possible. We have also madeclear in the
Figure 4 caption which visual components correspond to datapoints, and which correspond
to error bars.

For convenience, the updated Figure dis copied below:

{a} Unschaduled call {b) Scheduled meeating (eh {a) + {b)
204 hours *1 hours ; ]

Normalized value
Normalized value

(d) Instant massages
sant

MNormalized value

Figure 4: Time trends for communication media. These graphs show the weekly averages
for each variable, normalized by the average February Value for that variable. The variables are
the employees” average number of a) unscheduled audiofvideo call hours, b) scheduled meeting
hours, ¢) total hours in scheduled meetings and unscheduled calls (sum of panels (a) and (b)), d)
instant messages sent, e) en sent. and f) hours between the first and last activity (sent emal.
scheduled meeting, or Microsoft Teams call or chat) in a day, summed across the workdays.
Vertical bars depict 95% confidence intervals, with standard errors clustered at the team level,
but are in many places not much taller than the data points in the graphs.

- Figures 7, 8 etc were hard to read (I physically printed the paper to readit first actually) as one
of the colors was very light. | would personally make both darker so it's easy to see.

Thank you for thisfeedback. We have updated the colorsin Figures 7 and 8 so that they are
darker and easier to see. The updated versions of Figures 7 and 8 are copied below:

Figure 7:
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Figure 8:
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Scheduled meeting hours s Ego switch
i to remote

Collaborators
switch to remote
Meeting + call hours

Instant messages sent
Emails sent

Workweek hours
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All switch to remote effect
Cai) Seheduled meeting hours, wtal call howes, IMs sent, emails sent, and workweek hours
Unscheduled call hours {
0.0 0.2 0.4 0.6 0.8 1.0

All switch to remote effect

(b} Unscheduled call hours

- Onterminology what you call "Hybrid WFH" is normally called "Mixed-mode”, which is some
people in the office and some at home. What you call "some teams come in on some days..." is
usually called "Hybrid", for example the Google 3-2-2 model. | am aware this terminology is not
standardized, but from talking to a lot of CEOs, execs and journalists this seams to be the most
common way to define these terms.

Thank you for making us aware of thisterminology. We've updated our language
throughout the paper so that we now distinguish between these two different types of
work arrangements, and reference hybrid andfor mixed-mode where appropriate. For
instance, an updated excerpt of the introduction, in whichwe define both hybrid and
mixed-mode work, is copied below:

More generally, COVID-192 has accelerated the shift away from traditional office work, such
that even firms that do not keep full-time remote work policies in place after the pandemic
has ended are untikely to filly return to their pre-COVID-19 work arrangements [7]. Instead,
they are likely to switch to some type of hybreid work model, in which employees split their
time between remote and office work, or mixed-mode model, inwhich firms are comprised of
o mixture of full-time remote employees and full-time office employees. For example, some
scholars predict along-run equitibrium in which knowledge workers wilf work from home
approximately 20% of the time [1]. in order for long-term policy decisions regarding remote,
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hybrid, and mixed-mode work to be well-informed, decision makers need to understand how
remote work would impact information work in the absence of the effects of COVID-19. To
answer this question, we treat Microsoft's company-wide WFH policy during the pandemic as
a natural experiment that, subject to the validity of our identifying assumptions, allows us to
causally identify the impact of firm-wide remote work on employees' collaboration networks
and communication practices.

- Finally, i fully agree with the sentiment of the conclusion. If people areina hybrid situation
with the entire team coming in 3 days and WFH for 2 days that is probably the best of both
worlds. Enough time in the office to bridge and bond and enough time at home to work quietly
and save on commute. And yes Mixed-mode is typically seen as an absolute disaster - i have yet
to talk to a single manager who likes it {and |'ve probably spoken to maybe 200 to 300
managers since March 2020).

Thanks for this insight! It's reassuring to know that our results are in line with feedback
collected from managers during interviews.

Reviewer 2

The paper is timely because it addresses some critical issues relating to working from home
versus working in the office. It is well written with some minor suggestions for improvement:
1. This is a US-centric paper with only data collected in the United States. There should be a
justification for why you chose the US because working from home and during COVID-19 is an
issue across the globe. Are the lessons or insights for other countries?

Thank you for pointing this out. We would have loved to analyze data from the entirety of
Microsoft’s global workforce, however, some countries have data-privacy / employee-
protection laws that made it infeasible to use data for employees in those countries. Hence
our focus on the US. We have now clarified this in the Data subsection of the Methods
section. The relevant text is copied below:

Employee privacy restrictions in many countries prevent us from reporting on workers outside
the U.S. However, an employee's communication and collaboration with international

coworkers is still included in the data and those employees are still counted as part of each
employee's network.

We also now briefly note in the Discussion section of the paper that our results, which
describe the effects of firm-wide remote work on U.S. information workers, may not
generalize to other countries. For your convenience, the relevant text is copied below:

19



natureresearch

[O]ur study characterizes the impact of firm-wide remote work on the U.S. employees of one
major technology firm. Although we expect our results to generalize to other technology
firms, this may not be the case. Caution should also be exercised in generalizing our results to
other sectors and other countries.

2. What was Microsoft’s policy on working from home prior to the pandemic? | understand
some employees already worked from home; however, what was the prevalence of this mode
of working? Were there metricsin place to measure the effectiveness of working from home
pre-COVID {including collaboration and communication)?

Thank you for this great question. Prior to pandemic, Microsoft did not have a company-
wide policy on flexible work arrangements, and left this up to the discretion of managers.
That being said, flexible work arrangements prior to the pandemic were the exception,

rather than the norm. We now note thisin footnote 3, which is copied below for
convenience:

Prior to the pandemic, managers at Microsoft used their own discretion in deciding whe ther
an employee was allowed to work from home. During this period, flexible work arrangements
(including working from home) were the exception, rather than the norm.

According to ourdefinition of remote work, 18% of U.S. Microsoft workers were working
remotely prior to the pandemic, whereas the remaining 82% were not. We now note thisin
the Results section of the paper. The relevant text is copied below:

Prior to the onset of the pandemic, 18% of U.5. Microsoft employees were working remote
from their collaborators. For this subset of employees, the shift to firm-wide remote work did
not cause a change in their own remote work status, but did induce variation in the share of
their colleagues who were working remotely. For the remaining 82% of U.S. Microsoft
employees, the shift to firm-wide remote work induced variation in both their own remote
work status and in the remote work status of their coworkers.

With our dataset, we are unable to measure the prevalence of ad-hoc remote work prior to
the pandemic (e.g., someone working from home because they are sick, have a
maintenance worker coming to theirhome, etc.).

As far as we know, there were not any metricsin place to measure the effectiveness of
WFH prior to the COVID-19 pandemic. However, the data we use is from Microsoft’s
Workplace Analytics tool, which passively collected telemetrydata for Microsoft's US
workers even prior to the onset of the COVID-19 pandemic, As a result, we are able to
observe the time series for each of our outcomes for at least one month, if not longer,
before the firmwide shift to WFH. For instance, Figure 1, which is copied below, shows the
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monthly time series for number of bridging ties back to December 2019, and the weekly
time series for unscheduled call hours back to the first week of February 2020:

Number of bridging ties Unscheduled call hours
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Ege slways remote Less than 10% of coaboraors were remote prior to COVID-18
4 Ego swiiched 1o office fam remote = = Mone han 50% of collaboratars were remole prise 1 COVID-13

Figure 1: Time trend comparisons These graphs show the number of bridging ties per month
(Graphs (a) and (¢)) and the average unscheduled video/andio call hours per week (Graphs (b)
and (d)} for different groups of employees, and establish the plausibility of the “parallel trends™
assumption required by our modified DiD model. Error bars depict 95% confidence intervals,
with standard errors clustered at the team level, and are in some places thinner than the symbols
in the figure. Graphs (a) and (b) show employees who, prior to COVID-19, worked from the
office (blue) and a matched sample of employees who worked remotely (orange). Graphs (¢)
and (d) show two sub-groups of the blue lines in () and (b): employees who, prior to COVID-
19, had less than 104 of their collaborators working remotely (dotted) and those who had more
than 50% of their coworkers working remotely (dashed). All the time series are normalized by
the monthly average share of the relevant outcome across all employees during February 2020,
Most employees transitioned 1o WFH during the week of March 1, 2020, though our analysis
omits the month of March as a transition period

3. It would be useful to include that point in the background that some orgenisations inthe

technology sector (for example, Yahoo and I1BM) required employees to be in the office for the
very reasons the authors are suggesting are problematic {collaboration and communication).

That is, not all organisations in the tech sector or elsewhere are necessarily going to find

working from home or even a hybrid model suitable {or were unsuccessful in previous years). |
suggest including this point because it shows that this mode of working has been tried before —

what will be different this time?

The relevant text is copied below:

Thank you for pointing this out. In the final paragraph of the Discussion section, we now
peint out that organizations such as Yahoo! and IBM have experimented with (and

ultimately retracted) flexible work policies, and briefly discuss why we think it is possible
that flexible work arrangements may remain prevalent even after the pandemic has ended.
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There are multiple high profile cases of firms such as [BM and Yahoo! enacting, but ultimately
rescinding, flexible remote work policies prior to COVID-189, presumably due to the impacts of
these policies on communication and collaboration [57, 58]. Based on these examples, one
might conclude that the current enthusiasm for remote work may not ultimately translate
into a fong-lasting shift to remote work for the majority of firms. However, during the COVID-
19 pandemic, workers and firms have invested in the physical and human capital required to
support remote work [59] and innovation has shifted toward new technologies that support
remote work [60]. Both of these factors make it more likely that for many firms, some version
of remote work will persist beyond the pandemic. In light of this fact, the importance of
deepening our understanding of remote work and its impacts has never been greater.

4, Developing relationships with new contacts can only occur if there is a mechanism of some
kind to bring new people together (for example, working on a new project with new
colleagues). Otherwise, there are no opportunities for workers to meet new colleagues. That is
why we have face to face meetings and social gatherings. This is very difficult to replicate online
and can be very stressful for some employees. How can new and existing employees have
opportunities to meet and develop relationships? The finding that people tended to rely on
existing networks and relationships makes sense in this context.

Thank you for this feedback. We agree that the slight decrease in the number of added
connections caused by the shift to firm-wide remote work might have been expected. We
also push this analysis one step further by noting that there was a substantial dropin the
time spent with added connections. So, it's not just that employees were making adding
fewer connections from month-to-month, they were also spending less time with the
connections they did add. The portion of the updated manuscript where we present these
results is copied below:

firm-wide remote work ... decreased the number of connections workers added month-to-
month by .04 FV (P= 0.015). Furthermore, the shift to firm-wide remote work decreased the
share of time workers spent collaborating with the connections they did add by .3 FV (P
<0.001).

We agree that figuring out how to provide opportunities for new and existing employees to
meet others and develop firm-wide relationships under firm-wide remote workisan
interesting and important question that we hope companies and academics will tackle in

the future.

5. The Microsoft experience is likely to be very different from other organisations such as those
in the Finance sector, Education, Transport, Tourism and Government workers. This is one case
study and the data is very specific to Microsoft. This point should be emphasised.

Thank you for pointing this out. Although we study only one firm, we are trying to use our
study to learn about information workers in general. In our view, some of the other sectors
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you mentioned above, such as finance, are by and large information work, whereas others
{such as tourism) generally are not. In order to address this point, we have included the
following text in the paragraph on limitations in the Discussion section of the paper:

[O]ur study characterizes the impact of firm-wide remote work on the U.S. employees of one
major technology firm. Although we expect our results to generalize to other technology
firms, this may not be the case. Caution should also be exercised in generalizing our results to
other sectors and other countries.

6. The method to collect data provides some good insights into how workers communicated
and collaborated but only during the pandemic. It is important to stress that this way of
working was mandated and employees and their managers had no choice but to adjust.

Thanks for this feedback. Looking forward, more firms are considering switchingto an all-
remote workforce. So, while the WFH mandate may have been a historically unique event,
it may be extremely relevant to a variety of firms in the future precisely because it was
mandated. As a result, we added this sentence to the introduction:

Because remote work was mandatory during the pandemic, we are able to quantify the
effects of firm-wide remote work, which are most relevant for firms considering a transition to
an all-remote workforce.

In order for our results to be as relevant as possible for firms considering an entirely
remote work force, it was also important for us to disentangle the impacts of firm-wide
remote work specifically from other effects of COVID-19 e.g., pandemic-related stress,
increased caregiving responsibilities, etc.). We disentangle these two effects using our
causal identification strategy, which is an extension of the “difference-in-differences" (DiD)
reduced form econometricapproach. Assuming that modified DiD’s identifying
assumptions are satisfied, our approach allows us to draw inferences about the impacts of
firm-wide remote work after the pandemic has ended, even though we only observe data
collected during the pandemic. We now state this explicitly in the latter half of the paper’s
first paragraph, which is copied below:

In order for long-term policy decisions regarding remote, hybrid, and mixed-mode work to be
well-informed, decision makers need to understand how remote work would impact
information work in the absence of the effects of COVID-19. To answer this question, we treat
Microsoft's company-wide WFH policy during the pandemic as a natural experiment that,
subject to the validity of our identifying assumptions, allows us to causally identify the impact
of firm-wide remote work on employees' collaboration networks and communication
practices.

The Results and Methods sections of the paper provide more details on the modified DID
method we use to analyze our data.
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7. The statement ‘The most effective way to determine the benefits and downsides of different
hybrid work approaches will be through randomized field experiments” is not supported by any
literature. Why have the authors suggested this is the most effective way? The statement needs
to be justified. The emphasis appears to be on quantitative methods.

We appreciate you pointing this out. This claim was over-stated. What we were intending
to say was that among the set of methods available to quantitative researchers, large-scale
field experiments are best-suited to estimating the causal effects of firm-wide remote work
as defined by the Neyman-Rubin causal model. Combining such field experiments with
qualitative research would increase our understanding even more, and be even more
impactful. Thus, we have modified that paragraph to read:

Although we believe these early insights to be helpful, firms and academics will need to
undertake a combination of quantitative and qualitative research once the COVID-19
pandemic has ended in order to better measure both the benefits and the downsides of
different remote work policies. Large firms, with the ability to collect rich telemetry data, will
be particularly well-positioned to build on the quantitative insights presented in this work by
conducting large-scale internal field experiments. If published externally, these experiments
could have the capacity to greatly further our collective understanding of the causal effects of
both firm-wide remote work and other work arrangements such as hybrid work and mixed-
mode work. Our results, which report both direct effects and indirect effects of remote work,
suggest that such experimentation needs to be conducted carefully. Simply comparing the
work practices and/or productivity levels of remote workers and office workers will likely yield
biased estimates of the global treatment effects of different remote work policies, due to the
causal effects of one's colleagues working remotely. Ideally, such field experiments would be
complemented with high-quality qualitative research that can describe emergent processes
and workers' perceptions, and more generally, uncover insights beyond those that can be

obtained through quantitative methods.

8. To be able to understand how the employees felt about this way of working and if they
prefer working from home, how productive they feltthey were and whether the technology
they used to communicate and collaborate was effective (for the purposes of their ability to
achieve the outcomes they need to achieve) aligns with qualitative methods. We would need to
have a better understanding from the perspective of managers and their employees on the
most effective mode of working will be post-COVID-19 in addition to measuring outcomes,

Good point. We strongly agree that qualitative research aligned with our research
questions would shed even more light on the effects of firm-wide remote work than
quantitative research can do alone. We've added a sentence to this effect to the Discussion
section of the paper, which is copied below:
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Ideally, such field experiments would be complemented with high-quality qualitative research
that can describe emergent processes and workers' perceptions, and more generally, uncover
insights beyond those that can be obtained through quantitative methods.

Reviewer 3

Key Results

Data on collaboration patterns and communication technology use were collected from nearly
62,000 US Microsoft employees (9,727 managers and 52,135 non-managerial positions) from
February 2020 to June 2020. During this time, all employees had to shift to work-at-home (WAH
— or WFH work from home) work {early March) due to COVID. This context provided a natural
experimental setting.

Analyses was done to compare February collaboration patterns and communication media use
(pre-treatment/shift to WAH/WFH). The results indicated no significant change in the number
of connections made (i.e., people collaborated with); however, fewer “new” connections were
made and less time was spent with the “new” connections (new was defined as someone who
was not contacted the previous month). More time was spent with existing connections
(presumably defined as people with whom one communicated with twice in the previous
month). There was also a negative pattern with the number of groups interacted with. The
analyses of the use of communication media found that the number of unscheduled calls (audio
or video using Microsoft Teams) and the number of instant messages sent increased
dramatically.

Validity

When | was invited to review this paper and provided with the abstract, the final sentence of
the abstract interested me, as itsuggested important findings (especially given the large data
set). It says: “Our results suggest that firm-wide remote work may lead to communication
patterns that hinder the collaborative production of high-quality knowledge work...”. After
reviewing the paper carefully, | was disappointed in the support for this suggestion, and for
many of the suggestions in the paper about the effect of remote work on collaboration. Given
what was measured, there is no empirical evidence to allow the authors to determine if the
communication patterns did affect the collaborative production of high-quality knowledge
work.

Thank you for this comment. We agree with you that the previous draft of the paper was
trying to make a connection between the effects we observe (which are on collaboration
networks and communication media) and potential effects on productivity/innovation, and
this connection was not well-supported by our data. We reframed the paperso that it now
explicitly focusesonr iring the impacts of firm-wide remote work on collaboration and
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communication, and have updated the abstract and introduction accordingly. The updated
abstract can be found below:

COVID-19 caused a rapid shift to full-time remote work for many information workers.
Viewing this shift as a natural experiment, where some workers were already working
remotely prior to the pandemic, allows us to separate the effects of firm-wide remote work
from other pandemic-related confounders. We use rich data on the emails, calendars, instant
messages, video/audio calls, and workweek hours of nearly 62,000 U.S. Microsoftemployees
over the first six months of 2020 to estimate the causal effects of firm-wide remote work on
collaboration and communication. Our results show that firm-wide remote work caused
workers' collaboration network to become more static and siloed, with fewer bridges between
disparate parts. Furthermore, there was a decrease in synchronous communication and an
increase in asynchronous communication. Together, these effects may make it harder for
employees to acquire and share new information across the network.

Now, the only place in the paper where we discuss the impacts of firm-wide remote work
on productivity and innovation is in the Discussion section, where we speculate there could
be an impact on productivity and, in the long-term, innovation. The relevant text is copied
below:

We expect the effects we observe on workers' collaboration and communication patterns to
impact productivity and, in the long-term, innovation.

Furthermore, we now explicitly note in our limitations paragraph that we are unable to
observe the effects of firm-wide remote work on productivity/innovation with our data, as

found below:

Fourth, while we believe that changes to workers’ communication networks and media will

affect productivity and innovation, we are unable to measure these outcomes directly.

The theory presented for the possible effect of collaboration on information work is the need
for structurally diverse networks {both strong and weak ties) so one has access to novel ideas to
stimulate innovation. As | read through the introduction and this logic, it led me to possibly
expect network analyses and some relevant outcome such as novel ideas/information shared.
However, the data and results presented were limited to communication and collaboration
patterns, as outlined above. Also, beyond splitting the respondents by managerial versus non,
there is no data on the type of work done, which could affect the need for information and
innovation. Having access to diverse ideas is important for some types of work, but less in
others. And the interdependence of activities can affect how much one person relies and needs
to interact with others to get their job done well.

So overall, while it appears the analyses presented were validly done (see my comments below
about my limited ability to assess this), the more general implications for the results lack much
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validity.

Thank you for this feedback. We have reframed the paper to focus on the effects of firm-

wide remote work on communication and collaboration. As a result, we have modified and
expanded the manuscript in numerous ways in response to your comments, including:

s The network analysis section is substantially longer and more in depth than it was
previously. For example, we now analyze the effects of firm-wide remote work on
measures like clustering coefficient, network constraint, and a notion of tie strength
that is more consistent with previous research.

* As a first step towards understanding how the effects of firm-wide remote work
depend on the type of work done we now look for heterogenous treatment affects
for engineers vs. non-engineers, managers vs. non-managers, and employees who at
have been at Microsoft a short time vs. a longer time.

s Explicitly stating that the potential impacts of the effects we observe on
productivity and innovation will almost certainly be mediated byfactors such as the
types of tasks that workers are performing.

In our point-by-pointresponses that follow, we expand on these improvements, as well as
others that have been made to the manuscript.

Originality and Significance

The volume of longitudinal data during the shift to work athome presents a significant
opportunity to gaininsights regarding the effect of this shift. My invitation to reviewlisted
several categories of acceptable manuscripts. As far as | can tell, there is no methodological or
conceptual novelty {i.e., there is no theoretical contribution). The category that the paper might
fit into is an evidence-based advance. Thisis defined as acceptable “if its scale and/or rigour
supersede the existing literature and significantly strengthen confidence in a scientific finding
or convincingly falsify it.

The scale of the data collected and analysed is impressive. While | cannot claim to know every
study on remote work, | can’t recall ever seeing a study have such a large number of
respondents. So do the results alsosignificantly strength confidence in previous findings (or
falsify them?

The work isolation caused by forcing people to work from home did change some of the
collaboration patterns. There are various terms used in research that are relevant to WAH
including telecommuting, remote work, virtual work, virtual teams. These various work
practices have been studied by different disciplines {e.g., Information Systems Organizational
Behaviour, Psychology, etc.)for atleast 3 decades, with more emphasis on virtual teams lately.
Telecommuting and work athome has existed even longer, since this type of work was possible
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for some roles before communications technology evolved/improved (which made the practice
possible for a larger number of types of jobs). Certainly animportant thread of study inall these
practices is how to create “effective” communication to enable productive work. There are
various theoretical perspectives applied and studies that attempt to understand the nuances of
what effective means and how to enable it (e.g., creating psychological safety, avoiding
attribution errors, etc.). So, is a large-scale study that confirms that remote work changes
collaboration patterns a significant contribution? | would lean towards thinking no. However, |
found it interesting that the number of connections did not significantly decrease (Table 51 —
Total effect). The mainfinding is that an individual forced to WAH narrows their focus to
existing connections, such that “new” connections and the number of groups interacted with
decreases. | am not surprised by this, atit would be easier to reach out to colleagues that you
already have a relationship with, and that you have on-going interdependent activities with.

Thank you for your feedback. We have updated the introduction section of the paper, and
now spend much more time situating our study within the existing research literatures that
study networks in business organizations, communication media choice/usage, and virtual
teams / remote work. In particular, we now devote the entiretyof page 5 to describing
previous work on remote work, virtual teams, and telecommuting, and articulate our
specific contributions to this large literature. For convenience, the final two paragraphs of
the introduction are copied below:

There is a large body of academic research across multiple disciplines that has studied remote
work, virtual teams, and telecommuting (see [31] for a review of much of this work), including
prior work that examines the network structure of virtual teams and how individual network
position in virtual teams correlates with performance [32, 33, 34]. During the COVID-19
pandemic, there has been renewed public and academic interest in how virtual teams
function. Recent analyses of telemetry and survey data show that the pandemic has affected
both the who and the how of collaboration in information firms: while working remotely
during the pandemic, workers are spending less time in meetings [35], communicating more
via email {35], collaborating more with their strong ties, as opposed to their weak ties [36],
and exhibiting patterns of communication that are more siloed and less stable [37]. However,
these analyses, like much of the prior research on remote work, virtual teams, and
telecommuting, are non-causal [31], and thus, are unable to separate the effects of remote
work from the effects of pandemic-related confounders, such as reduced focus due to COVID-
19-related stress or increased caregiving responsibilities while sheltering in place, Although
prior research on the causal effects of remote work does exist, this work has mainly studied
employees who volunteer to work remotely, and has focused on settings such as call centers
and patent offices [38, 39], where relative to the majority of information work, tasks are more
easily codifiable and less likely to depend on collaboration or the transfer of complex
knowledge.

We contribute to the research literatures on remote work, virtual teams, and telecommuting
by analyzing the large-scale natural experiment created by Microsoft’s firm-wide WFH policy
during the COVID-19 pandemic. Because remote work was mandatory during the pandemic,
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we are able to quantify the effects of firm-wide remote work, which are most relevant for
firms considering a transition to an all-remote workforce. Furthermore, because our model
specification decomposes the overall effects of firm-wide remote work into ego remote work
and collaborator remote work effects, our results also provide some insight into the possible
impacts of remote work policies such as mixed-mode work and hybrid work.

To expound on some of the points we make in the text copied above, and as the reviewer
suggests, one way in which we differentiate our work from prior work is the scale of data
we analyze. Second, the fact that we analyze a natural experiment allows us to estimate
causal effects of firm-wide remote work on collaboration networks and communication
media. Research with causal identification under the Neyman-Rubin causal model is
specifically called out as an important way to advance the field in the recent survey of the
telecommuting literature by Allen et al (2015):

“Moreover, given the difficulty of conducting random-assignment experimental
studies on a large scale, it would be useful to consider other analytic models {e.g.,
Rubin analytic model, regression-discontinuity approaches) to help support or refute
causation in telecommuting studies (Hanges & Wang, 2012).”

Finally, our modified DiD analysis allows us to measure and isolate the effects of an
individual switching to remote work from their collaborators switching to remote work.
The two measurements will be of increasing important going forward as firms consider
hybrid, mixed-mode, and fully remote work policies.

| will leave it to the editors to decide if the paper fits what they feel is an evidence-based
advance, Certainly the topic is very timely and will be of interest to many people and
organizations.

Data and Methodology and Analytical Approach

A key strength of this study is the longitudinal data, subject to the shortcomings and
suggestions presented below. | would like to have seen more explanation about how the data
were collected and how the various constructs were conceptually defined, and why they were
operationalized the way they were. This is explained somewhat in the methods section, but
more information would be helpful. What data was measured in February? It is not clear to me
if for the people working at a corporate office, did the measure of scheduled and unscheduled
meetings include non-Teams interaction? At this point, likely much of the informal interaction
was F2F. On page 13, you suggest that the total synchronous communication when down, both
on and off Teams. So do you have a measure that captured synchronous scheduled and
unscheduled meetings, regardless of the communication medium used {i.e., itincludes F2F, as
well as technology-mediated communication)? Also, could you provide descriptive
information on the characteristics of the participants and their jobs/tasks? This could help the
reader understand the generalizability of your findings.
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Thank you for this feedback. We have added some more detail to the data description in
the methods.

With respect to the data collection, the data in our study is passively collected for all
employees in our sample from two sources: Microsoft Teams, which is a workplace
productivity tool that allows employees to text chat, video chat, schedule meetings, and
also by Microsoft’s corporate email and calendar accounts. The data collection procedure is
the same in February asitis throughout the rest of our sample. So, any scheduled F2F
meetings occurring in February will show up in our data as “scheduled meetings,” any
informal F2F interactions that the employee did not put on their calendar were not
captured by our dataset. Because of this limitation, we are in some instances only able to
bound the effects of the treatment on synchronous F2F interaction, as we do not know the
magnitude of the unmeasured F2F interaction occurring in February. But, we do know that
unmeasured F2F interaction after the WFH mandate essentially went to zero by definition,
since workers were unable to meet F2F while WFH. Although notused to estimate our
models, we were also able to extend the collection of our collaboration network data back
to December, which allows us to test our modified DiD model’s parallel trends assumptions
for our network outcomes. Unfortunately, we were still not able to access communication
media data from months prior to February.

In order to make it clearer what data we’ve collected, we have expanded and clarified the
descriptions of our dataset that are found in the Results and Methods section of the paper.
The relevant excerpts are copied below.

Results

We analyze anonymized individual-level data describing the communication practices of
61,967 U.S. Microsoft employees from December 2019 to June 2020, which gives us data from
before and after Microsoft's shift to firm-wide remote work.? Our sample contains all U.S.
Microsoft employees except for those who hold senior leadership positions and/or are
members of teams that routinely handle particularly sensitive data. Given the scope of our
dataset, the workers in our sample perform a wide variety of tasks, including software and
hardware development, marketing, and business operations. For each employee, we observe
1) their remote work status prior to the COVID-19 pandemic, and what share of their
colleagues were remote workers prior to the COVID-19 pandemic, 2) their managerial status,
the business group they belong to, their role, and the length of their tenure at Microsoft as of
February 2020, 3) a weekly summary of the amount of time spent in scheduled meetings, time
spent in unscheduled video/audio calls, emails sent, and instant messages sent, and the
length of their workweek, and 4} a monthly summary of their collaboration network.
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?Our data on workers' use of commmunication media only goes back to February 2020.
Methods

Our data were passively collected by Microsoft's Workplace Analytics (WPA) product [61],
which logs activity taking place in employees’ work email accounts and in Microsoft Teams.
Microsoft Teams is collaboration software that allows employees to video/audio call,
video/audio teleconference, instant message, and share files. Employee privacy restrictions in
many countries prevent us from reporting on workers outside the U.S. However, an
employee's communication and collaboration with international coworkers is still included in
the data and those employees are still counted as part of each employee’s network.

In our collaboration network, each worker is a node. In order for a tie to exist between two
workers in a given month, those two workers must have had at least one meaningful
interaction through two of the following four communication media: email, instant message,
scheduled meeting, and unscheduled video/audio call. A meaningful interaction is an email,
instant message, scheduled meeting, or unscheduled video/audio call with a group of size no
more than eight.

In our analysis, we classify a worker as working remotely if more than 80% of their
collaboration hours in a given month are with colleagues remote to them. For employees
working from home, all of their colleagues are considered remote from them, whereas for
those in an office, colleagues are remote to them if those colleagues are working from home
or are located on a Microsoft campus in a different city. After March 2020, all U.S. Microsoft
employees are by definition working remotely, since they are WFH.

With respect to construct definition/operationalization, in many cases we, unfortunately,
do not have access to the raw data, but have access to the aggregate metrics made
available to clients of Microsoft through the Workplace Analyticstool (you can get a sense
of the aggregate metrics available through Workplace Analytics by looking through the
product’'s documentation: https://docs.microsoft.com/en-us/workplace-

analytics/use/metric-definitions). Because of this, in some cases we’ve had to make do
with the outcomes we have, as opposed to operationalizing constructs in the way that we
find theoretically optimal. For instance, workweek span sums the time between first and
last activity in each work day, but does notaccount for breaks taken during the day.

Due to privacy restrictions, we are not able to report any covariates describing the people
in our sample beyond those used in our analysis (tenure at Microsoft, managerial status,
role type, and business group), and even for those dimensions of analysis, we are not able
to report on summary statistics that might help to characterize our sample {e.g., mean,
median, etc.).
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It is also difficult to characterize the tasks being done by the workers in our sample, since
our sample contains the overwhelming majority of U.S. Microsoft employees. Given that
Microsoft is a large corporation doing work across a number of different areas, including
hardware development and software development, and the fact that the companyemploys
people in a wide array of jobs ranging from marketing to software engineering to business
development, our dataset contains employees doing a number of different jobs and many
different tasks. We now acknowledge this fact in the portion of the Results section where
we describe our dataset:

Given the scope of our dataset, the workers in our sample perform a wide variety of tasks,
including software and hardware development, marketing, and business operations.

And also mention in a Discussion section footnote that our findings may have different
implications for worker productivity/innovation depending on the type of tasks that
workers/teams are performing:

Even if we were able to measure productivity and innovation, it is difficult to make general
claims about how changes to network structure and communication media choice will impact
performance, given that these impacts are likely contingent on a number of factors, including
the type of task a given team/organization is trying to complete [52, 53, 54, 55].

Suggested Improvements

Experiments have some causal explanatory power because of the use of control groups and
random assignment. | understand that since this was a natural experiment, there is no random
assignment. | have limited understanding of the DiD statistical technique; however, the reading
| did on it certainly emphasized the need for a control group. Do | understand correctly that the
control group in your analyses is the employees that were working remotely in February?
Clarifying this would be helpful for readers. Assuming that is the logic, then isn't there a
confounding factor to the analyses that happens when a remote worker’s co-workers all are
forced to work from home in March? So in one sense, | am struggling to see how the February
WAH employees can be a control group for the duration of the analyses since the “treatment”
definitely affected them too.

We apologize that this wasn’t clear. You’re right that in the standard DiD model, there are
distinct “control” and “treatment” groups. In this paper, we are modifying that standard
DiD model, and as a result our analysis does not have cleanly delineated control and
treatment groups. To make it clearer that our empirical strategy is not the standard DiD,
we now refer to our empirical strategy as a “modified DiD” model throughoutthe paper.
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Relative to standard DiD, our model is modified in two ways. First, we are using our model
to measure the causal impact of changes to two “treatment” variables —one's own remote
work status, and the remote work status of one’s colleagues. This modification is needed
because, as you note, had we estimated a normal DiD model, the fact that remote workers’
co-workers were all forced to WFH in March would confound the causal effect of WFH. The
other way in which our modified DiD model is different from the base DiD model is that we
need to make additional identifying assumptions, since the COVID-19 pandemic, which is
the source of the exogenous variation in both of our treatmentvariables, affected all
workers, even those whose remote work status and share of remote colleaguesdid not
change during the shift to firm-wide WFH.

In the updated draft, we've made our modified DiD model (and its identifying assumptions)
easier to follow for readers, especially those who may not be familiar with standard DiD.
We have done so by adding the following text to the Results section:

We analyze this natural experiment using a modified difference-in-differences (DiD) model.
Standard DiD is an econometric approach that enables researchers to infer the causal effect of
a treatment by comparing longitudinal data from at least two groups, some of which are
“treated” and some of which are not. So long as DiD's identifying assumptions are satisfied,
the causal effect of the treatment is obtained by comparing the magnitude of the gap
between the treated and untreated groups after the treatment was delivered to the
magnitude of the gap between the groups before the treatment was delivered. Our modified
DiD model extends standard DiD by estimating the causal effects of changes in two different
treatment variables (one's own remote work status, and the remote work status of one's
colleagues) and by introducing additional identifying assumptions such that it is possible to
draw causal inferences in the presence of an additional shock (in our case, the non-WFH-
related aspects of COVID-19) that affects both treated and untreated units, and is concurrent
with the the exogenous shock(s) to our treatment variables. The time series trends depicted in
Figure 1 suggest that the identifying assumptions of our modified DiD model are plausible;
more detail on the model can be found in the Methods section.

And adding the text below to the Methods section:

Our modified DiD model extends standard DiD in two ways. First, rather than measuring the
effect of changes in one treatment variable, our model measures the effects of changes in two
different treatment variables: 1) whether an employee is working remotely 2} whether that
employee's colleagues are working remotely, and assumes that these two effects are
additively separable. Second, our model allows the variation in our treatment variables to be
induced by one exogenous shock that affects all workers in our sample, but affects some
workers differently than others. More specifically, although alf Microsoft employees were
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affected by COVID-19, only some employees experienced changes in thelr remote work status
and/ar the share of thelr collaboratars that were working remotely due to Microsoft's
company-wide WFEH mandate during the pandernic.

We estimate the average treatment effect for the treated (ATT) of ego remote work and
collaborator remote wark on all outcome measures with the following specification:

where Yiedenotes the work owtcome, aiis an employee fixed-effect, teis a month fixed effect
i indicates whether employee { was a treated employee forced to work remately in month &,
sic s the share af emplovee ['s coworkers wha were working remotelyin month t and 2,
denotes the errorterm. Observations are welghted using coarsened exact matching (CEM)
welghts, and standard errors are clustered at the level of an employee's manager, We
estimate this model using data from February, April, May and fune. We omit March because
warkers were transitioning from office work to WEH beginning in the first week of the month.

Cur ability to cousally identif both ATTs is predicated on a number of identifving
assumptions, some of which are standard in difference-in-differences analyses and some of
which are specific to our research setting. First, we assume that for both of our “treqtment”
variahles, the time serfes for treated” and "untreated” workers would have evolved in
parallel absent the treatment. Time serles trends for different subsets of the matched sample
are compared in Figure \ref{fig:did_bridge}. These comparisons suggest that for both of our
treatment variables, DiD's parallel trends assumption s plausible, both when measuring the
effect of the treatment on network measures (Figures ifa) and 1fc)) and when rmeasuring the
effect of the treqtment on communication media measures (Figures I{b) and 1(d]) Analogous
figures for our full set of owtcome variables can be found fn the Supplementary Materials. In
all cases, the time serles appear ta move in parallel both prior to the transition to remote
work, and once the transition to remote work concluded, suggesting that this identifiing
assumption s reasonable,

Second, we gssume Tstrict exogeneity, ' ie., that the timing of the switch to remote wark
must be (ndependent of employees’ outcomes. Because the “treatment group’ was all
switched to WIEH due to COVID-19, we are less concerned about endogeneity of treatment
than we raight be In other settings. However, we do need to assume that workers' remote
wark status prior to the pandemic and the percentage of workers' colleagues that work
remately prior to the pandemic are Independent of how they are affected by the pandemic.
This assumption would be wiolated if for instance, those who worked remotely prior to the
pandemic were less likely to have unforeseen childeare responsibilities from school closures
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caused by the pandemic, In order to make this identifving assumption more plausible, we use
the CEM procedure described below.

Finally, we assume that ego remote wark effects, collahorator remote work effects, and non-
remote-wark-related COVID-19 effects are additively separable, Maore precisely, we assume
that Yie can be written as

Yl RW, 500, Cy) = Yo (0, 0,0) + 8RW, + s, +~Cha,

where BWiels g binary variable Indicating whether emplopee (s warking remotely at time t, i
iz the share of emplovee s colfaborators working remotely in month t, Cicls a binary variable
indicating whether employee i was subfect to the COVID-18 pandernic at time &, and Yi{O O 0]
is worker i's outcome at time ¢ ifall three variables were equal to 0. This assumption isan
extension of the standard difference-in-differences assumption that treatment effects, cross-
group differences and time-effects are additively separable, and would be violated I, for
instance, the effects of eqo remote work andsor collaborator remaote work were amplified in a
multiplicative fashion due to other aspects of the COVID-19 pandermic (e.q., childcare
responsibilities or pandemic-induced changes fo Microsoft's product roadmaps). With our
data, we are unable to validate the plausibility of this important identifying assumption,
however, it is worth noting that cousal estimates produced by standard difference-in-
differences models also rely on the validity of parametric assumptions [62],

We have also updated Figure 1 so that it establishes the plausibility of the modified DiD
maoadel’s parallel trends assumption not just for our communication media outcomes, but
also for our collaboration network outcomes:
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Figure 1: Time trend comparisons These graphs show the number of bridging ties per month
(Graphs (a) and (c)) and the average unscheduled video/audio call hours per week (Graphs (b)
and (d)) for different groups of employees, and establish the plausibility of the “parallel rends™
assumption required by our modified Dil» model. Error bars depict 95% confidence intervals,
with standard errors clustered at the team level, and are in some places thinner than the symbols
in the figure. Graphs (a) and (b} show employees who, prior to COVID-19. worked from the
office (blue) and a matched sample of employees who worked remotely (orange). Graphs (c)
and (d) show two sub-groups of the blue lines in (a) and (b): employees who. prior to COVID-
19, had less than 109 of their collaborators working remotely (dotted) and those who had more
than 50% of their coworkers working remotely (dashed). All the time series are normalized by
the monthly average share of the relevant outcome across all employees during February 2020,
Most employees transitioned to WFH during the week of March 1, 2020, though our analysis
omits the month of March as a transition period.

Finally, we have expanded the paragraph in the Discussion where we discuss the
limitations of our work, and made it clearer that our abilityto causally estimate the ATTs of
one’s own remote work status and the share of one’s colleagues working remotely depends
on our modified DID's identifying assumptions, which, asis the case for all identifying
assumptions, are ultimately unprovable:

Finally, our ability to make causal claims is predicated on the validity of our modified DID
framework's identifving assumptions: parallel frends, conditional exogeneity after matching,
and additively separable effects. Although we have taken steps to verify the plausibility of
these gssumptions and tested the robustness of our resufts to an alfernative matching
procedure [56] (see the Methods section for more details], they are assumptions nonetheless.

| was particularly bothered by three things and hope you may be able to find ways to address
these.
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1. Your definition of a new connection. This was defined as someone who was not
communicated with in the previous month (but was in the current month). To me, this does not
necessarily equate to a weak tie. | could know someone quite well, but maybe our need to
interact is sporadic or seasonal, based on the tasks that are on-going. Much of the contribution
of your paper rests on the ability to argue that remote work hurts the ability to create new
weak ties, which can hurt one’s ability to innovate. Here are two thoughts | have that might
help. One, could you provide more analyses to show different definitions of “new”, such as the
person has never interacted with the individual over your data collection period or maybe you
have other data available to that you could use to provide levels of newness? Two, canyou
provide more conceptual explanation and background on the meaning of weak ties in structural
networks and how this has been operationalized in past work?

Thank you for the suggestions. We agree with both of your points: that equating new ties
with weak ties was a stretch, and that ties that are “new” from month-to-month do not

necessarily correspond to two people who have neverinteracted before.

In order to address the first point, we have introduced a new weak tie/strong tie definition
that we believe is more in line with previous operationalizations of tie strength. Identifying
strong and weak tiesin our data is difficult for two reasons: 1) we are analyzing a
longitudinal dataset, so we need a definition that allows for a tie to be strong in one
month, but weak in the next (or vice-versa) 2) there is an across-the-board increase in
observed communication intensity after the shift to firm-wide remote work, which
prevents us from using a definition of tie strength based on a static threshold. In light of
these challenges, we define a connection as “strong” if it is in the top 50% of a worker’s ties
in terms of time spent in a given month, and as “weak” otherwise. Although we have not
seen strong ties and weak ties defined in this exact way elsewhere in the research on social
networks, it is relatively close to a common operationalization thatsimply counts the
amount of contact between ties (used in, e.g., Onella et al. 2007, Aral and Van Alstyne
2011, and Brashears and Quintane 2018) and it allows for tie strength to vary over time
based on the relative amount of contact between two people (Burke and Kraut 2014). The
updated section of the introduction in which we discuss tie strength is copied below:

Conditional on a given network position or configuration, the efficacy with which a given tie
can transfer or provide access to novel information depends on its strength.? Two people
connected by a strong tie can often transfer information more easily, since they are more
likely to share a common perspective, to trust one another, to cooperate with one another,
and to expend effort to ensure that recently transferred knowledge is well understood and
can be utilized {10, 13, 14, 15]. In contrast, weak ties require less time and energy to maintain
{8, 16] and are more likely to provide access to novel, nonredundant information [8, 17, 18].

And the updated section of the Results section where we present our causal tie strength
results is copied below:
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The ability of a worker to effectively access knowledge from other parts of an organization is
a function not only of the organizational and/or topological diversity of their connections, but
also of the strength of those connections. For each month, we classify ties as “strong" when
they are in the upper 50% of an employee's ties in terms of hours spent communicating, and
as “weak" otherwise. Although by definition, weak ties will always get less of an employee's
time than strong ties in a given month, we find that the shift to remote work reduced the
share of time workers spent collaborating with weak ties by .32 FV (P < 0.001).%7 These results
indicate that above and beyond the impact of firm-wide remote work on the organizational
and structural diversity of workers' ego networks, the shift to firm-wide remote work also
made the allocation of workers' time more heavily concentrated.

We have also added the following footnote to the introduction, which provides more
background onhow tie strength has been measured elsewhere in the research literature:

in “The Strength of Weak Ties," Granovetter posits that tie strength is determined by a
combination of *‘the amount of time, the emotional intensity, the intimacy (mutual confiding)
and the reciprocal services which characterize the tie" [8]. To our knowledge the research
community has not converged on a standard way to measure the strength of a tie.

And the following footnotes to the results section, which provide more insight into our
operationalization of tie strength and the logic behind it, as well as the robustness of our
tie strength results:

SWe choose an ego-level cutoff, as opposed to a global cutoff, for each month with the
reasoning that every worker should have some ties that are weak and some ties that are
strong.

’Since the median is just one possible cutoff to distinguish between strong and weak ties, we
also analyze the entire distribution of collaboration time for each worker and confirm that the
average ego-level normalized Herfindahl-Hirschman Index (HHI) [43] of the collaboration time
is increased by remote work, and that the average ego-level Shannon entropy [44] of
collaboration time is decreased by remote work. The effects of firm-wide remote work on both
of these outcomes are found in Table S2.

Although we no longer equate weak ties with new ties, we found value in keeping our
“new ties” analysisin the paper, relabeling what we had previously called “new ties” as
“added ties,” and connecting these results to recent research that has examined the
relationships between temporal network dynamics and business outcomes (Baum et al.
2012, Levin et al. 2012, Burt and Merluzzi 2016, Kneeland 2019, Kumar and Zaheer 2019,
Soda et al. 2021, Zeng et al. 2021). The portion of the introduction where we discuss this
literature is copied below:
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Prior work has also shown that workers' performance is affected not only by the structure of
the network and the strength of their ties, but also by the temporal dynamics of the network.
Not only do the benefits of different types of ties vary with their age {19], but people benefit
from changing their network position {20, 21, 22], adding new ties [23, 24], and reconnecting
with dormant ties [25]. We find that the shift to firm-wide remote work may have reduced
these benefits by making workers' collaboration network more static: individuals added and
deleted fewer ties from month-to-month, and spent less time with newly added ties.

And the portion of the Results section where we present our results related to network
temporal dynamicsis copied below:

We also find that the shift to firm-wide remote work caused workers' ego networks to become
more static; firm-wide remote work reduced the number of existing connections that churned
from month-to-month by .05 FV (P<0.01), and decreased the number of connections workers
added month-to-month by .04 FV (P=0.015).5° Furthermore, the shift to firm-wide remote
work decreased the share of time workers spent collaborating with the connections they did
add by .3 FV (P<0.001). These changes to the temporal dynamics of ego networks may have
made it more difficult for workers to capture the benefits associated with forming new
connections [23, 24], reconnecting with dormant connections [25], and modulating their
network position [20, 21, 22].

Given that we kept these results in the paper, we thought it important to follow your
suggestions and a) test the robustness of our results to different definitions of “added” and
b) understand whether the added ties we observe are truly “new,” or if they are just ties
that a given worker has not engaged with in some time (i.e., ties that Levin et al. (2012)
might call “dormant ties.”).

To address suggestion a), we have replicated our network temporal dynamics analyses with
alternate definitions of “added” and “churned” tiesthatlook back two months, rather than
one month. This analysis is described in footnote 9, which is copied below:

In our main analysis, we define a tie as “added" if it did not exist in month t-1, but existed in
month t, and a tie as “deleted” if it existed in month t-1, but not month t. As a robustness
check, we repeat our network dynamics-related analyses with alternative definitions in which
a tie is “added" if it did not exist in month t-2 and month t-1, but existed in month t, and a tie
is “deleted” if it existed in month t-2 and month t-1, but not in month t. The results of these
analyses are qualitatively similar to our main results, and are found in the Supplementary

Materials.

And present these results in full in the Supplementary Materials:
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As a rebustness check, we repeat our network dynamics-re late d collaboration ne twork
analyses using an alternative definition for a new fie, in which a tie is “adde d” if it did nor
exist in month -2 and month -1, but exisits in month & and an alternative definition fora
deleted tie, in which a tie Is “delete d” if it e xisted in both month t-2 and maonth -1, but does

nat exist in month t. The resulls of these analyses are found Table $25, and are qualitatively
similar to our main network dynamics resulis.

For convenience, Table $25iscopied below:

# Churned # Added % time with

les ties added ties
Ego switch 0,017 0.047%%% 0, 107%we
o remote (8 (0011) ((L013) (0.023)
Collab. switch -0.083%*%  (L034 00, 180w
toremote (4)  (DL0O16) (0.019) (0.035)
Total effect -0.065%%*  -0.013 (). 287ww*
4+ 4y (0.015) (0.018) (0.030)
Indiv. FE Y Y Y
Month FE Y Y Y
R (Total) 0874 0,750 0.520
R* (wio FE) 0,001 0.000 0004
N 6LE6] 61,861 61861

Table S25: Effects of remote work on collaboration network dynamies (alternate defini-
tions). These are coefficients from regressions based on Equation (1). The first line is effect of
an employee switching, the second line is the effect of all an employee’s collaborators switching
and the third line is the sum of the two. all normalized by the average level in February. All
regressions include individual and month fixed effects. The dependent variables are the number
of added ties, the number of churned ties, and the share of time spent with added ties. Estima-
tion is done using alternate definitions for these outcomes. Standard errors are clustered at the
level of the employee’s manager. * indicates p < (1.05; *
p < 0.001

% indicates p < (.01; *** indicates

To addresssuggestion b), welook at all ties that were classified as “added” tiesin June
2020, and measure what percentage of them existed in any month prior to May. Thisgives
us a rough sense of what percentage of added ties are new ties, and what percentagearein
fact dormant ties. We find that 40% of the added ties existed in a month prior to May 2020,
whereas the remaining 60% did not. This suggests that the “added ties” we observearea

mixture of new ties and dormant ties. Foothote 8, wherewe describe this analysis, is
copied below:

Of the added ties we observe in June 2020, 40% existed in at least one month between
January 2020 and May 2020, whereas the remaining 60% did not. This suggests that the
added ties we observe are a mixture of “dormant” ties [25] and ties that are truly new.
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This result gives us a lower bound on the fraction of added ties that are dormant; because
our collaboration network data only goes back to December 2019, there are likely some
ties that were active in earlier months for which we do nothave observations.

2. Your lack of work outcome variables. Do you have access to any additional data for any of
your subjects that mightallow you to investigate their work outcomes, and explore for the

impactof the changes in collaboration patterns and use of communication channels? This could

be done on a small scale {i.e., a sub-set of your data). And/or could you do some network

analyses for some of your subjects to more closely examine weak ties, strong ties and structural

diversity changes? If any of this was possible, it would strengthen your potential contribution
and lend support to your suggestions, in my opinion.

Thanks for these great ideas.
Work Outcome Variables

We tried to take your first suggestion and measure the causal effect of firm-wide remote
work on work outcomes. Given that the overwhelming majority of Microsoft's U.S.
workforce appears in our sample, it was not possible to come up with a one-size-fits-all
work outcome variable that made sense across the entire population we study. Instead, we
decided to focus on the software engineers in our sample, since relative to the other
information workers in our sample, there are concrete measures of output (e.g., pull
requests, code commits, code reviews) for which we have high quality data. That being
said, even for software engineers, measuring output is difficult, since the code software
engineers write can vary in its quantity, quality, and importance. The existing research
literature studying the work outcomes of software engineers has not converged on one
agreed upon way to measure outputor work quality, and different studies have used a
range of different measures, including subjective performance evaluations (Rasch and Tosi,
1992), units of source code per unit time (Curtis 1981), time to complete a development
tasks (Espinosa et al. 2007), number of tasks and commits completed (Cataldo and
Herbsleb, 2008), and number of defects fixed (Ehrlich and Cataldo 2012).

Another difficulty we encountered when trying to measure the causal effect of firm-wide
remote work on work outcomes for software engineers was that, due to Microsoft's
privacy restrictions, we were unable to merge our data on pull requests, code commits, and
code reviews per month to the dataset that we used to define workers’ monthly
collaboration networks. As a result, it was not immediately straightforward how to
estimate a version of our modified DiD model that would yield comparable results to those
that already exist in the paper for our network outcomes and communication media
outcomes.
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Finally, while our analyses in the paper have enough statistical power to detect reasonably
sized effects, we found that our analysis of the causal effect of firm-wide remote work on
software engineers’ work outcomes was underpowered. This was due to a combination of
factors: first, when we restricted our analysis to the subset of employees who were
software engineers, the size of our sample shrinks from 61,967 to 16,128. Second, relative
to the entire sample, remote work was relatively uncommon among software engineers
prior to the COVID-19 pandemic; only 6.6% of the software engineers in our sample were
remote before March. Finally, the work outcomes we were able to use in our analysis were
generally sparse and/or had little variation. For instance, the average number of code
reviews per month in our sample is [REDACTED], with a standard deviation of [REDACTED].

Ultimately, and in spite of all these sources of complexity, we attempted to measure the
causal effects of firm-wide remote work on three different work outcomes for software
engineers: the number of code commits per month, the number of pull requests per
month, and the number of code reviews performed per month. A code commitis aset of
changes that developers designate to track and save their progress, a pull requestisa
collection of code commits that developers submit for review before being integrated into
the productioncodebase, and a code review occurs when a developer checks that another
developer’s pull request is acceptable to be integrated into the production code base.
Given the fact that we were unable to join our code-related data to our collaboration
network data, we conducted our analyses for all three of these outcomes (code commit,
pull requests, code reviews) in two different ways:

1) An analysis that estimated only ego effects of shifting to firm-wide remote work, and did
not account for the potential impactof a software engineer’s collaborators shifting to
remote work. This approach does not allow us to decompose the effect of firm-wide
remote work into ego effects and collaborator effects, and is also subject to stable unit
treatment value assumption violations, since the remote work status of a worker’s
collaborators can affect their outcomes, but is not accounted for in the model specification.

2) An analysis that uses our modified DiD model specification, but builds a collaboration
network between only software engineers based on whether or not two software
engineers have both committed code to the same repository. This approach does allow us
to decompose the effects of remote work into ego effects and collaborator effects.
However, it only partially accounts for SUTVA violations, since it does not take into account
the remote work status of non-engineers. It also measures a different type of adjacency
than our other analyses —some engineers may both commit code to the same repository,
but not communicate with one another, while some engineers may communicate, but may
commit code to different repositories. Because of these limitations, it is difficult to
compare our results using this approach to those found in the paper.
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The tables found below show our estimates of the causal effect of firm-wide remote work
using each combination of software engineer work outcome and model specification. All of
the results are null results, likely because they are underpowered to detect effectsthat are
not extremely large.

Ego-only model:

Pull requests Commits Code reviews

Ego switch 0.079 0.308 -0.130
to remote (4) (0.088) (0.245) (0.123)
Indiv. FE Y Y Y
Month FE Y Y Y

R? (Total) 0.719 0.208 0.772
[? (w/o FE) 0.000 0 0.000
N 16,128 16,128 16,128

Decomposition-friendly modael:

Pull requests Commits  Code Reviews

Ego switch -(L.005 0.040 -(.042
Lo remole (4) (0.034) (0.055) (0.117)
Collab. switch -(.196 0.807 0.224
o remote () (().155) (1.165) (0.185)
Total effect 0,201 0.847 0.183
(4 + 3) (0.155) (1.204) (0.160)

Indiv, FE b b ' Y

Month FE Y Y Y
I* (Total) 0.719 0,208 0.765

R* (w/o FE) () { ()
N 16,128 16,128 16,128

Network Analyses

Given the fact that we are not well-positioned to estimate the effects of firm-wide remote
work on work outcomes, even for software engineers, we also followed your second
suggestion and added additional network analyses that help strengthen our contribution
and lend support to the suggestions we make throughout the paper.
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First, we now more explicitly measure the changes in the structural diversity of workers'
ego networks, both with respect tothe formal org chart (number of distinct groups to
which the worker is connected, number of cross-group ties, and share of time with cross-
group ties) and with respect to the informal network structure of the organization (number
of bridging ties, share of time with bridging ties, individual clustering coefficient). We chose
to measure structural diversity with respect to both the formal org chart and with respect
to the informal organizational structure because the two notions of structural diversity are
distinct, although they are related and one might expect them to be correlated with one
another (McEvily et al. 2014). We define a bridging tie as one with a local network
constraint (Burt 2004, Everett and Borgatti 2020) that is below the median local network
constraint observed in February 2020. Quantifying structural diversity in the informal
collaboration network using local network constraint is consistent with previous research in
management, organization science, and information systems, such as Kleinbaum 2012, Suh
et al. 2011, and Goldberg et al. 2016. In addition to measuring structural diversity with
respect to both the formal org chart and the informal collaboration network, we now also
measure the amount of clustering in each worker’s ego network usingthe individual
clustering coefficient.

Beyond explicitly measuring changes to the structural diversity of workers’ ego networks,
we also now measure changes to share of time that they spend with weak ties (as opposed
to strong ties), using the operationalization of tie strength that is described above.

Finally, as mentioned above, we now measure changesto the dynamics of workers’ ego
networks (number of churned ties, number of new ties, share of time with new ties).
Existing research has found that network churn is associated with individual-level
performance (Burt and Merluzzi 2016, Kneeland 2019, Kumar and Zaheer 2019}, that
individuals benefit from adding new ties (Soda et al. 2021, Zeng et al. 2021}, that the
performance benefits of both strong and weak tiesvary with age (Baum et al. 2012) and
that there are benefits to reconnecting with “dormant” ties (Levin et al. 2012). We define a
“churned” tie as one that existed in month t-1, but notin month t, and an “added” tie as
one that did not exist in month t-1, but did existin month t.

For your convenience, we have copied the relevant text for each of these changes below, as

well as Figures 2 and 3, which show our results.
Formal/informal diversity (Introduction)

Previous research has shown that network topology, including the strength of ties, plays an
important role in the success of both individuals and organizations. For individuals, itis
beneficial to have access to novel, non-redundant information through connections to
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different parts of an organization's formal org chart and through connections to different
parts of an organization's informal communication network [8]. Furthermore, being a conduit
through which such information flows by bridging “structural holes" [9] in the organization
can have additional benefits for individuals [10]. For firms, certain network configurations are
associated with the production of high quality creative output [11], and there is a competitive
advantage to successfully engaging in the practice of “knowledge transfer," in which
experiences from one set of people within an organization are transferred to and used by
another set of people within that same organization [12]. Conditional on a given network
position or configuration, the efficacy with which a given tie can transfer or provide access to
novel information depends on its strength. Two people connected by a strong tie can often
transfer information more easily, since they are more likely to share a common perspective, to
trust one another, to cooperate with one another, and to expend effort to ensure that recently
transferred knowledge is well understood and can be utilized {10, 13, 14, 15]. In contrast,
weak ties require less time and energy to maintain [8, 16] and are more likely to provide
access to novel, nonredundant information (8, 17, 18].

Formal/informal diversity and clustering (Results)

Firm-wide remote work also decreased workers' cross-group connections by .04 FV (P < 0.01)
and the share of collaboration time workers spent with with cross-group connections by .26
FV, (P < 0.001). In other words, firm-wide remote work caused an overall decrease in the
number of cross-group interactions and the fraction of attention paid to groups other than
one's own.

Although formal organizational boundaries shape informal interactions [40], the formal
organization of firms and their informal social structure are two distinct, interrelated concepts
[41]. Connections that provide access to diverse teams may not bridge structural holes in the
network sense [9], and connections that bridge structural holes in the network sense may not
provide access to different parts of the formal org chart. Therefore, we also analyze how the
shift to firm-wide remote work affected the structural diversity of employees’ ego networks
with respect to the firm's observed communication network, as opposed to the formal org
chart. We label each tie as “bridging" or “non-bridging" based on its local network constraint,
which is a measure of the extent to which a given tie bridges structural holes in a network [9,
42]. We then measure the effect of firm-wide remote work on the number of bridging ties
each worker had and the amount of time each worker spent with their bridging ties. We find
that on average, firm-wide remote work decreased the number of bridging ties by .09 FV
{P<0.001) and the share of time with bridging ties by .41 FV (P<0.001). The fact that firm-wide
remote work caused workers to have fewer bridging ties, and fo spend less time with their
remaining bridging ties, suggests that firm-wide remote work may have reduced workers'
ability to access novel information in other parts of the network. These results, in conjunction
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with our finding that firm-wide remote work reduced workers' cross-group interactions, also
suggest that firm-wide remote work caused the collaboration network to become more siloed,
both in a formal sense and in an informal sense.

We also find that firm-wide remote work caused a .06 FV (P< 0.01) increase in the individual
clustering coefficient, which provides a measure of what proportion of an individual's network
connections are afso connected to each other (the higher a person's individual clustering
coefficient, the more dense their ego network). Given the fact that we do not observe a
statistically significant effect of remote work on the number of colleagues with whom workers
collaborate, this result suggests that on average, firm-wide remote work caused workers to
substitute ties that were not connected to one another for those that were. Put differently,
different portions of the network, which became less interconnected, also became more intra-
connected.

Tie strength (Introduction):

Conditional on a given network position or configuration, the efficacy with which a given tie
can transfer or provide access to novel information depends on its strength. Two people
connected by a strong tie can often transfer information more easily, since they are more
likely to share a common perspective, to trust one another, to cooperate with one another,
and to expend effort to ensure that recently transferred knowledge is well understood and
can be utilized [10, 13, 14, 15]. In contrast, weak ties require less time and energy to maintain
[8, 16] and are more likely to provide access to novel, nonredundant information [8, 17, 18].

Tie strength (Results)

The ability of a worker to effectively access knowledge from other parts of an organization is
a function not only of the organizational and/or topological diversity of their connections, but
also of the strength of those connections. For each month, we classify ties as “strong" when
they are in the upper 50% of an employee's ties in terms of hours spent communicating, and
as “weak” otherwise. Although by definition, weak ties will always get less of an employee's
time than strong ties in a given month, we find that the shift to remote work reduced the
share of time workers spent collaborating with weak ties by .32 FV (P < 0.001). These results
indicate that above and beyond the impact of firm-wide remote work on the organizational
and structural diversity of workers' ego networks, the shift to firm-wide remote work also
made the allocation of workers' time more heavily concentrated.

Network dynamics {Introduction}
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Figure 2: Time trends for collaboration networks. These graphs show the monthly averages
for the collaboration network variables for all employees. Each variable is normalized by the
average February Value for that variable. The variables are employees’ average number of (a)
network ties, (b) distinet business groups in which they have a collaborator. (¢) cross-group
ties, (¢) ties that bridge structural holes in the network, (g) individual clustering coefficient, (i)
collaborators from the previous month that they did not collaborate with that month, and (j)
added collat they did not collat wmmmousmm as well as the share of
time spent with (d) cross-group ties, (f) bridging ties, (h) weak ties, and (k) added ties. Vertical
bars depict 95% confidence intervals. with standard errors clustered at the team level, but are in
most places not much taller than the dam polms
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Figure 3: Effects of firm-wide remote work on collaboration networks These are the esti-
mated causal effects of both an employee and that employee’s colleagues switching to remote
work on the number of collaborators an employee has, the number of distinet groups the em-
ployee collaborates with, the number of cross-group ties an employee has, the share of time an
employee spends collaborating with cross-group ties, the number of bridging ties an employee
has, the share of time an employee spends collaborating with bridging ties, the individual clus-
tering coefficient of an individual’s ego network, the share of time an emplayee spent collabo-

rating with weak ties. the number of churned collaborators, the number of added collaborators,
and the share of time spent with added collaborators. They are {7 + 4) from Equation (1), nor-
malized by the average level in February. Symbols depict point estimates and lines depict 95%
confidence intervals.

As described above, as arobustness check, we also replicated our network dynamics-
related analyses using alternate definitions of “churned ties” and “added ties” that look
back two months, as opposed to one month. The results obtained when using these
alternative definitions are qualitatively similar to our main results, and are found in
Supplementary Materials. The relevant section of the Supplementary Materials is copied
below:

As a robustness check, we repeat our network dynamics-related collaboration network
analyses using an alternative definition for a new tie, in which a tie is “added" if it did not
existin month t-2 and month t-1, but exists in month t, and an aiternative definition for a
deleted tie, in which a tie is “deleted” if it existed in both month t-2 and month t-1, but does
not exist in month t. The results of these analyses are found Table $25, and are gualitatively
similar to our main network dynamics results.
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#Chumned # Added % time with
ties ties added ties

Egoswitch D017 -0.047%%% _0L107#%*
toremote (5)  (0.011)  (0.013)  (0.023)
Collab. switch -0.083%%% 0034 -(L180%++
oremote (9)  (0.016)  (0.019)  (0.035)
Total effect -0.065%%% -0.013  -0287%+F

(G +4) (0015 (0018)  (0.030)
v Y v

Indiv. FE

MonthFE Y Y ¥
R* (Total)  0.874 0750 0.520
R* (wio FE) 0,001 0.000 0.004
N 6LB61 61861 61,861

Table $25: Effects of remote work on collaboration network dynamics (alternate defini-
tions). These are coefficients from regressions based on E (1). The first line is effect of
an employee switching, the second line is the effect of all an employee’s collaborators switching
andrhclhud]me:sﬂmsumofthetwn, all normalized by the average level in February., All

include individual and month fixed effects. The dependent variables are the number
'af added ties, the number of churned ties, and the share of time spent with added ties. Estima-
tion is done using alternate definitions for these outcomes. Standard errors are clustered at the
level of the employee’s manager. * indicates p < 0.05; ** indicates p < 0.01; *** indicates
P < 0001
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3. Canyou clarify the nature of the tasks/work that people were doing? Past research has
shown that WAH/virtual work fits some types of tasks very well and is more challenging for
others. Do you have any data that you can add to your analyses to explore if and how the
patterns changes for different types of roles? Being able to getsome understanding for the
need for interaction would be helpful in understanding your results and possibly providing
better guidance for application of your findings. For example, if | am working on a task that |
can do mostly by myself, being isolated for that work is not going to drive me to create ad-hoc
interactions with others {as much as it would if | was doing something that relied on others for
they relied on me).

Thanks for this question —you make some great points here.

We've now made clearer the full extent of the dataset that we analyze. Given that our
sample iscomprised of nearly every single U.S. Microsoft employee, there are workersin
many different rolesin our dataset that are working on a wide variety of tasks. The portion
of the Results section where we point this out is copied below:

Our sample contains all U.S. Microsoft employees except for those who hold senior leadership
positions and/or are members of teams that routinely handle particularly sensitive data.

Given the scope of our dataset, the workers in our sample perform a wide variety of tasks,
including software and hardware development, marketing, and business operations.

Unfortunately, our data does not describe the particular tasks that any given worker is
doing on a given day, and a worker in any given role has a wide variety of tasks (and task
types) that they may be working on.

In order to make it clearer that the guidance for application of our findings is contingent on
the types of tasks being performed by workers, we have now added the following footnote
text to the Discussion section of the paper:

Even if we were able to measure productivity and innovation, itis difficult to make general
claims about how changes to network structure and communication media choice will impact
performance, given that these impacts are likely contingent on a number of factors, including
the type of task a given team/organization is trying to complete [52, 53, 54, 55].

Finally, although we do not observe the tasks that workers are performing, we do measure
treatment effect heterogeneity with respect to three dimensions: managerial status
(manager/IC), tenure at Microsoft (new hire / tenured employee), and role type (engineer
vs. non-engineer). Our role type HTE analysis in particular is new to the most recent draft of
the paper.
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As noted in the text below, which is copied from the paper, we do not observe notable
heterogeneity in the effect of firm-wide remote work on collaboration networks across any
ofthese three dimensions:

We test for heterogeneity in the effects of the shift to firm-wide remote work on collaboration
ego networks with respect to a worker's managerial status {manager vs. individual
contributor), tenure at Microsoft (shorter tenure vs. longer tenure), and role type (engineering
vs. non-engineering), and do not find meaningful heterogeneity across any of these
dimensions (see Supplementary Figures S1, 52 and 54).

However, we do observe heterogeneity in the effects of firm-wide remote workon
communication media usage across managerialstatus and role type. The portion of the text
where we describe these results is copied below, as is Figure 6:

While the effects of firm-wide remote work on collaboration networks did not exhibit
heterogeneity across the worker attributes we observe, the effects of firm-wide remote work
on communication media were in some cases larger for managers and engineers, We find
that the switch to firm-wide remote work caused larger increases for managers than
individual contributors in IMs sent, email sent, and unscheduled video/audio call hours (left
panels of Figure 6). This is likely because relative to individual contributors, a larger share of
managers' time is dedicated to communicating with others, i.e. their direct reports (e.qg., to
address issues blocking progress or conduct performance reviews) and representativess of
other groups within the organization (e.g., to coordinate activity and goals across different
groups). We also find that the shift to firm-wide remote work caused larger increases for
engineers than non-engineers in the number of IMs sent and the number of unscheduled call
hours (right panels of Figure 6). This may be reflective of the fact that software development
teams are particularly reliant on informal communication [45, 46, 47], much of which may
have taken place in-person prior to the shift to firm-wide remote work. We do not find
meaningful heterogeneity with respect to employee tenure at Microsoft.

Figure 6
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Figure 6: Effects of remote work on the use of communication media by Manager/I1C status
and role type. These are the causal effects. estimated separately for managers and individual
contributors (ICs) (left two panels), and engineers and non-engineers (right two panels), of both
an employee and their colleagues switching to remote work on hours spent in scheduled meet-
ings. the sum of scheduled meetings and unscheduled call hours, instant message sent, emails
sent, and estimated workweek hours (all shown in Panel (a)), and hours spent in unscheduled
calls (shown in Panel (b)). They are (7 + 4) from Equation (1), normalized by the average level
for all employees in February. Symbols depict point estimates and lines depict 95% confidence
intervals.

Our full results for treatment effect heterogeneity acrossmanagerial status, tenure at
Microsoft, and role type are foundin Tables 54 through $24, Figure 6, and Figuressi1
through 54.

Clarity and Context
The paper is well written and generally easy to follow. | found the layout of the paper

surprising, but presumably this fits with journal expectations. My “normal” expectation for
most journals | review for would be some early discussion of what is known, then theoretical
perspectives possibly leading to hypotheses to examine, an explanation of the method, then
results and discussion of implications and limitations. The current paper starts with 4 pages of

introduction, then results, then discussion, and the method descriptionis at the end.

Thank you for your feedback - we're glad vou found the paper well written and easy to
follow.

With regard to the lavoutof the paper, we are following Nature Human Behaviour’s
requirements for article structure, which can be found here:
https://www.nature.com/nathumbehav/about/content
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References

As mentioned above, there is considerable research on working at home/virtually in different
disciplines. A small amount of this is referenced in the first few pages. The positioning of your
work within the existing body of knowledge needs to be strengthened. For example, on page 4,
you provide some references to previous work where you conclude previous research was
restricted to two types of work, and/or did not examine causation. While | agree the effect of
remote work will be moderated by the type of task, your summary of past work is very limited.
Unfortunately (and somewhat ironic given the topic of your paper), | am prepared this review
from home and can’t access my office due to COVID restrictions. If | could, | could point you to
some previous summaries of the literature (e.g., | know | have a fairly old book that is a review
of past work inthe area); however, there have been summaries of literature on various related
topics published in journals over the years so you should be able to strengthen your grounding
with some more comprehensive searching.

Thank you for this feedback. Asnoted above, we now spend much more time in the
paper’sintroduction situating our study withinthe existing research literatures thatstudy
networks in business organizations, communication media choice/usage, and virtual teams
/ remote work, including an explicit reference to a recent review of the research on
telecommuting (Allen et al. 2015) and references to numerous recent papers that studythe
network structure of virtual teams (Ahuja and Carley 1999, Ahuja et al. 2003, Suh et al.
2011). We also now clearly articulate the ways in which we feel our work contributes to the
existing research literature. For convenience, the final two paragraphs of the introduction
are copied below:

There is a large body of academic research across multiple disciplines that has studied remote
work, virtual teams, and telecommuting (see [31] for a review of much of this work), including
prior work that examines the network structure of virtual teams and how individual network
position in virtual teams correlates with performance [32, 33, 34]. During the COVID-19
pandemic, there has been renewed public and academic interest in how virtual teams
function. Recent analyses of telemetry and survey data show that the pandemic has affected
both the who and the how of collaberation in information firms: while working remotely
during the pandemic, workers are spending less time in meetings [35], communicating more
via email {35], collaborating more with their strong ties, as opposed to their weak ties [36],
and exhibiting patterns of communication that are more siloed and less stable [37]. However,
these analyses, like much of the prior research on remote work, virtual teams, and
telecommuting, are non-causal [31], and thus, are unable to separate the effects of remote
work from the effects of pandemic-related confounders, such as reduced focus due to COVID-
19-related stress or increased caregiving responsibilities while sheltering in place. Although
prior research on the causal effects of remote work does exist, this work has mainly studied
employees who volunteer to work remotely, and has focused on settings such as call centers
and patent offices {38, 39], where relative to the majority of information work, tasks are more
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easily codifiable and less likely to depend on collaboration or the transfer of complex
knowledge.

We contribute to the research literatures on remote work, virtual teams, and telecommuting
by analyzing the large-scale natural experiment created by Microsoft's firm-wide WFH policy
during the COVID-19 pandemic. Because remote work was mandatory during the pandemic,
we are able to quantify the effects of firm-wide remote work, which are most relevant for
firms considering a transition to an all-remote workforce. Furthermore, because our model
specification decomposes the overall effects of firm-wide remote work into ego remote work
and collaborator remote work effects, our results also provide some insight into the possible
impacts of remote work policies such as mixed-mode work and hybrid work.

My expertise

My home discipline is Information Systems, with largely a focus on topics that bridge
organizational behaviour (i.e., technology-enabled work practices). A major researcharea of
mine for the first 15 years or so of my career was investigating remote work and remote
teamwork (virtual teams). Therefore, while | am not totally up to date with the literature, | have
a reasonable sense of the relevant knowledge base. My knowledge of the statistical techniques
used inthis paper is definitely limited and thatis an important limitation the editors should he
aware of. | am not very familiar with Differences-in-differences modelling. | am comfortable
with statistical techniques such asregression, SEM, and multi-level modelling (to a limited
degree). | interpreted the supplemental tables as | would regression results. It is important that
someone on the review team can assess the validity of the analyses in detail, as | have assumed
the various approaches used by the authors meet standard expectations (e.g., CEM weighting,
etc.). My expertise in terms of research methods includes surveys, experiments, case studies
(including qualitative data analyses), largely from a soft-positivist view.

Thank you again for your helpful feedback. We have tried our best to address all of your
questions and concerns, bothin this letter and in our revised manuscript, and feel the
paper is much improved. We hope you agree.
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Decision Letter, first revision:

7th May 2021
Dear Longaqi,
RE: "The Effects of Remote Work on Collaboration Among Information Workers"

Thank you for submitting your revised manuscript and for all your work on the revision. I am very
sorry for the delay in getting in touch with a decision.

Although your manuscript has been revised in response to reviewer comments, it does not fully

comply with our editorial policies and formatting requirements. In particular, we require at this stage

that all inferential statistical results be fully reported, including coefficients and/or effect sizes,
confidence intervals, and p-values. In cases where it would be cumbersome to provide all of this
information in-text, authors can refer to tables (either in the main text or Supplementary Informatio
that contain full results. However, any tables supporting the main results must include full statistical
results, including both confidence intervals and exact p-values (i.e. asterisks should not be used to
denote statistical significance).

Before we can send the manuscript back to our reviewers, we ask that you revise it to ensure that it
complies fully with our formatting policies regarding statistical reporting. We also ask that as you

n)

revise, you ensure that your manuscript does not contain footnotes. To assist with this process, | have
attached another copy of our checklist, which contains details on our formatting requirements. If you
are uncertain as to how to address any of the points in the checklist, please don't hesitate to contact

me.
Please use the link below to submit your revised manuscript and related files:

[REDACTED]

<strong>Note:</strong> This URL links to your confidential home page and associated information
about manuscripts you may have submitted, or that you are reviewing for us. If you wish to forward

this email to co-authors, please delete the link to your homepage.

Thank you in advance for attending to these requests and | look forward to receiving your revised
manuscript.

Sincerely,
Aisha

Aisha Bradshaw
Editor
Nature Human Behaviour
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Decision Letter, second revision:
Our ref: NATHUMBEHAV-200812368D

13th July 2021
Dear Longaqi,

Thank you for submitting your revised manuscript "The Effects of Remote Work on Collaboration
Among Information Workers" (NATHUMBEHAV-200812368D). It has now been seen by two of the the
original referees (Reviewers 2 and 3), and their comments are below. Reviewer 1 was unable to return
to provide a full evaluation of your revision, but in brief remarks to the editors, they indicated their
support for publication of your study. As you can see, the reviewers find that the paper has improved
in revision. We will therefore be happy in principle to publish it in Nature Human Behaviour, pending
minor revisions to comply with our editorial and formatting guidelines.

We are now performing detailed checks on your paper and will send you a checklist detailing our
editorial and formatting requirements in about a week. Please do not upload the final materials and
make any revisions until you receive this additional information from us.

Please do not hesitate to contact me if you have any questions.

Sincerely,
Aisha

Aisha Bradshaw, PhD
Senior Editor
Nature Human Behaviour

Reviewer #2 (Remarks to the Author):

I enjoyed reading this paper and | found that the revisions strengthened the paper considerably. The
fact that it is still unclear about the effects of remote work on collaboration and communication, as
well as the impact on relationships (existing and new), requires scholars to examine this issue in new
ways to deepen our understanding.

Reviewer #3 (Remarks to the Author):

I have carefully reviewed the new manuscript and the authors' response document. Thank you for
writing that document that explains very well how you addressed our concerns and suggestions.

It is clear to me that the authors worked very hard to consider the reviewing team's suggestions and
did everything reasonable to address them. It was not possible to address everything (due to data
limitations, etc.) but the authors have reflected the concerns and ideas well in their discussion,
limitations, and elsewhere.

As before, the authors' have the potential to make an empirical contribution to the existing knowledge
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of remote work given the large dataset. Improvements | see from the initial version include:

- The introduction does a stronger job positioning their work in the existing literature and theories.

- the nature of the data and its limitations are clearer. The analyses is explained more fully.

- shifting the analysis and reporting to the remote worker's network (using tie strength) makes the
overall story more compelling.

- the discussion around the effects of remote work on network structure (and communications) is well
done including clarity around the ability to identify possible effects on outcomes such as productivity
and innovation.

- the discussion section on future research ideas and limitations will be helpful to readers and future
researchers.

Overall, I have no further specific revisions to suggest and hope to see the article in print soon.

Decision letter, final requests:
** Please ensure you delete the link to your author homepage in this e-mail if you wish to forward it
to your co-authors. **

Our ref: NATHUMBEHAV-200812368D
23rd July 2021
Dear Dr. Yang,

Thank you for your patience as we’ve prepared the guidelines for final submission of your Nature
Human Behaviour manuscript, "The Effects of Remote Work on Collaboration Among Information
Workers" (NATHUMBEHAV-200812368D). Please carefully follow the step-by-step instructions
provided in the attached file, and add a response in each row of the table to indicate the changes that
you have made. Please also check and comment on any additional marked-up edits we have proposed
within the text. Ensuring that each point is addressed will help to ensure that your revised manuscript
can be swiftly handed over to our production team.

We would like to start working on your revised paper, with all of the requested files and forms, as
soon as possible (preferably within two weeks). Please get in contact with us if you anticipate delays.

When you upload your final materials, please include a point-by-point response to any remaining
reviewer comments.

If you have not done so already, please alert us to any related manuscripts from your group that are
under consideration or in press at other journals, or are being written up for submission to other
journals (see: https://www.nature.com/nature-research/editorial-policies/plagiarism#policy-on-
duplicate-publication for details).

Nature Human Behaviour offers a Transparent Peer Review option for new original research
manuscripts submitted after December 1st, 2019. As part of this initiative, we encourage our authors
to support increased transparency into the peer review process by agreeing to have the reviewer
comments, author rebuttal letters, and editorial decision letters published as a Supplementary item.
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When you submit your final files please clearly state in your cover letter whether or not you would like
to participate in this initiative. Please note that failure to state your preference will result in delays in
accepting your manuscript for publication.

In recognition of the time and expertise our reviewers provide to Nature Human Behaviour’s editorial
process, we would like to formally acknowledge their contribution to the external peer review of your
manuscript entitled "The Effects of Remote Work on Collaboration Among Information Workers". For
those reviewers who give their assent, we will be publishing their names alongside the published
article.

<b>Cover suggestions</b>

As you prepare your final files we encourage you to consider whether you have any images or
illustrations that may be appropriate for use on the cover of Nature Human Behaviour.

Covers should be both aesthetically appealing and scientifically relevant, and should be supplied at the
best quality available. Due to the prominence of these images, we do not generally select images
featuring faces, children, text, graphs, schematic drawings, or collages on our covers.

We accept TIFF, JPEG, PNG or PSD file formats (a layered PSD file would be ideal), and the image
should be at least 300ppi resolution (preferably 600-1200 ppi), in CMYK colour mode.

If your image is selected, we may also use it on the journal website as a banner image, and may need
to make artistic alterations to fit our journal style.

Please submit your suggestions, clearly labeled, along with your final files. We’ll be in touch if more
information is needed.

<b>ORCID</b>

Non-corresponding authors do not have to link their ORCIDs but are encouraged to do so. Please note
that it will not be possible to add/modify ORCIDs at proof. Thus, please let your co-authors know that
if they wish to have their ORCID added to the paper they must follow the procedure described in the
following link prior to acceptance: https://www.springernature.com/gp/researchers/orcid/orcid-for-
nature-research

Nature Human Behaviour has now transitioned to a unified Rights Collection system which will allow
our Author Services team to quickly and easily collect the rights and permissions required to publish
your work. Approximately 10 days after your paper is formally accepted, you will receive an email in
providing you with a link to complete the grant of rights. If your paper is eligible for Open Access, our
Author Services team will also be in touch regarding any additional information that may be required
to arrange payment for your article. Please note that you will not receive your proofs until the
publishing agreement has been received through our system.

Please note that <i>Nature Human Behaviour</i> is a Transformative Journal (TJ). Authors may
publish their research with us through the traditional subscription access route or make their paper
immediately open access through payment of an article-processing charge (APC). Authors will not be
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required to make a final decision about access to their article until it has been accepted. <a
href="https://www.springernature.com/gp/open-research/transformative-journals"> Find out more
about Transformative Journals</a>

<B=>Authors may need to take specific actions to achieve <a
href="https://www.springernature.com/gp/open-research/funding/policy-compliance-faqgs">
compliance</a> with funder and institutional open access mandates.</b> For submissions from
January 2021, if your research is supported by a funder that requires immediate open access (e.g.
according to <a href="https://www.springernature.com/gp/open-research/plan-s-compliance">Plan S
principles</a>) then you should select the gold OA route, and we will direct you to the compliant
route where possible. For authors selecting the subscription publication route our standard licensing
terms will need to be accepted, including our <a href="https://www.springernature.com/gp/open-
research/policies/journal-policies">self-archiving policies</a>. Those standard licensing terms will
supersede any other terms that the author or any third party may assert apply to any version of the
manuscript.

For information regarding our different publishing models please see our <a
href="https://www.springernature.com/gp/open-research/transformative-journals"> Transformative
Journals </a> page. If you have any questions about costs, Open Access requirements, or our legal
forms, please contact ASJournals@springernature.com.

Please use the following link for uploading these materials:
[REDACTED]

If you have any further questions, please feel free to contact me.

Best regards,

Chloe Knight

Editorial Assistant
Nature Human Behaviour

On behalf of

Aisha Bradshaw, PhD
Senior Editor
Nature Human Behaviour

Reviewer #1:
None

Reviewer #2:

Remarks to the Author:

I enjoyed reading this paper and | found that the revisions strengthened the paper considerably. The
fact that it is still unclear about the effects of remote work on collaboration and communication, as
well as the impact on relationships (existing and new), requires scholars to examine this issue in new
ways to deepen our understanding.
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Reviewer #3:

Remarks to the Author:

I have carefully reviewed the new manuscript and the authors' response document. Thank you for
writing that document that explains very well how you addressed our concerns and suggestions.

It is clear to me that the authors worked very hard to consider the reviewing team's suggestions and
did everything reasonable to address them. It was not possible to address everything (due to data
limitations, etc.) but the authors have reflected the concerns and ideas well in their discussion,
limitations, and elsewhere.

As before, the authors' have the potential to make an empirical contribution to the existing knowledge
of remote work given the large dataset. Improvements | see from the initial version include:

- The introduction does a stronger job positioning their work in the existing literature and theories.

- the nature of the data and its limitations are clearer. The analyses is explained more fully.

- shifting the analysis and reporting to the remote worker's network (using tie strength) makes the
overall story more compelling.

- the discussion around the effects of remote work on network structure (and communications) is well
done including clarity around the ability to identify possible effects on outcomes such as productivity
and innovation.

- the discussion section on future research ideas and limitations will be helpful to readers and future
researchers.

Overall, | have no further specific revisions to suggest and hope to see the article in print soon.

‘ Final Decision Letter:
Dear Longqi,

We are pleased to inform you that your Article "The Effects of Remote Work on Collaboration Among
Information Workers", has now been accepted for publication in Nature Human Behaviour.

Before your manuscript is typeset, we will edit the text to ensure it is intelligible to our wide
readership and conforms to house style. We look particularly carefully at the titles of all papers to
ensure that they are relatively brief and understandable.

Once your manuscript is typeset and you have completed the appropriate grant of rights, you will
receive a link to your electronic proof via email with a request to make any corrections within 48
hours. If, when you receive your proof, you cannot meet this deadline, please inform us at
rjsproduction@springernature.com immediately. Once your paper has been scheduled for online
publication, the Nature press office will be in touch to confirm the details.

Acceptance of your manuscript is conditional on all authors' agreement with our publication policies
(see http://www.nature.com/nathumbehav/info/gta). In particular your manuscript must not be
published elsewhere and there must be no announcement of the work to any media outlet until the
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publication date (the day on which it is uploaded onto our web site).

Please note that <i>Nature Human Behaviour</i> is a Transformative Journal (TJ). For papers first
submitted from January 2021, authors may choose whether to publish their research with us through
the traditional subscription access route or make their paper immediately open access through
payment of an article-processing charge (APC). Authors will not be required to make a final decision
about access to their article until it has been accepted. <a
href="https://www.springernature.com/gp/open-research/transformative-journals"> Find out more
about Transformative Journals</a>

<B=>Authors may need to take specific actions to achieve <a
href="https://www.springernature.com/gp/open-research/funding/policy-compliance-faqgs">
compliance</a> with funder and institutional open access mandates.</b> For submissions from
January 2021, if your research is supported by a funder that requires immediate open access (e.g.
according to <a href="https://www.springernature.com/gp/open-research/plan-s-compliance">Plan S
principles</a=) then you should select the gold OA route, and we will direct you to the compliant
route where possible. For authors selecting the subscription publication route our standard licensing
terms will need to be accepted, including our <a href="https://www.springernature.com/gp/open-
research/policies/journal-policies">self-archiving policies</a>. Those standard licensing terms will
supersede any other terms that the author or any third party may assert apply to any version of the
manuscript.

If you have posted a preprint on any preprint server, please ensure that the preprint details are
updated with a publication reference, including the DOI and a URL to the published version of the
article on the journal website.

An online order form for reprints of your paper is available at <a
href="https://www.nature.com/reprints/author-
reprints.html">https://www.nature.com/reprints/author-reprints.html</a>. All co-authors, authors'
institutions and authors' funding agencies can order reprints using the form appropriate to their
geographical region.

We welcome the submission of potential cover material (including a short caption of around 40 words)
related to your manuscript; suggestions should be sent to Nature Human Behaviour as electronic files
(the image should be 300 dpi at 210 x 297 mm in either TIFF or JPEG format). Please note that such
pictures should be selected more for their aesthetic appeal than for their scientific content, and that
colour images work better than black and white or grayscale images. Please do not try to design a
cover with the Nature Human Behaviour logo etc., and please do not submit composites of images
related to your work. | am sure you will understand that we cannot make any promise as to whether
any of your suggestions might be selected for the cover of the journal.

You can now use a single sign-on for all your accounts, view the status of all your manuscript
submissions and reviews, access usage statistics for your published articles and download a record of
your refereeing activity for the Nature journals.

To assist our authors in disseminating their research to the broader community, our Sharedlt initiative
provides you with a unique shareable link that will allow anyone (with or without a subscription) to
read the published article. Recipients of the link with a subscription will also be able to download and
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print the PDF.
As soon as your article is published, you will receive an automated email with your shareable link.

In approximately 10 business days you will receive an email with a link to choose the appropriate
publishing options for your paper and our Author Services team will be in touch regarding any
additional information that may be required.

You will not receive your proofs until the publishing agreement has been received through our system.

If you have any questions about our publishing options, costs, Open Access requirements, or our legal
forms, please contact ASJournals@springernature.com

We look forward to publishing your paper.

With best regards,
Aisha

Aisha Bradshaw, PhD
Senior Editor
Nature Human Behaviour

P.S. Click on the following link if you would like to recommend Nature Human Behaviour to your
librarian http://www.nature.com/subscriptions/recommend.html#forms

** Visit the Springer Nature Editorial and Publishing website at <a href="http://editorial-
jobs.springernature.com?utm_source=ejP_NHumB_email&utm_medium=ejP_NHumB_email&utm_cam
paigh=ejp_NHumB">www.springernature.com/editorial-and-publishing-jobs</a> for more information
about our career opportunities. If you have any questions please click <a
href="mailto:editorial.publishing.jobs@springernature.com">here</a>.**
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