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RQ1: How has the ability for teams to 
meet milestones changed during WFH?
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RQ4: How have team communication and 
collaboration changed during WFH? 
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RQ6: Which factors are associated with a change in 
team productivity during WFH? 
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How has your team culture changed? (Q79) 

How has your team supported you during this crisis? (Q80)

Compared to working in office, do you think the ability of the team to reach milestones 
has changed? If yes, please explain. (Q113) 
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How has your team culture changed? 

We used to have lunches together, and had good
comeraderie.  No more lunches together, less comeradie,
and less incidental ‘water cooler’ information exchange. 
  (S2049)

We are trying to adapt to daily sync ups 
and face time between all team members. 
which helps with communication but adds 
into the million meetings. 
 (S1722)

More explicit efforts to facilitate social events 
and foster team relationships. 
 (S1676)

I feel no difference.
       (S1801)
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How has your team supported you during this crisis? 

We have weekly social hours, which helps with 
some of the social isolation I’ve been feeling. 
  (S1562) 

Lots of teams meetings. 
 (S169) 

More meetings with our direct 
manager’s team just to talk 
and check in. 
 (S1636)

Everyone is supportive of each other. It is easy to talk 
with someone if needed. Feel supported. 
  (S1053)
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We have lost somewhere between 20%-40% effectiveness 
in use of time. In order to keep up, people are working 
longer hours. We are starting to see burnout. 
 (S1384) 

It is more difficult to land nuanced discussions. 1:1 is OK, but in 
a multi-person discussion it is very, very hard to keep focus. 
  (S1777)

The time pressure due to child care expectations and 
more-frequent scheduled meetings (vs. quick hallway 
chats) has definitely slowed the team down. We have 
explicitly and officially postponed some work, citing 
Coronavirus-rooted challenges as reasons. 
  (S887)

Brainstorming activities that need whiteboard and involve 
more passionate conversation progresses slower than 
before and can be frustrating. 
  (S1833)

Compared to working in office, do you think the ability of the team to reach 
milestones has changed? If yes, please explain

Trouble with 
collaboration and  
communication
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“How Was Your Weekend?”
How Teams Work From Home During COVID-19

and How It Affects Productivity
Anonymous Author(s)

Abstract—The mass shift to work from home due to the
COVID-19 pandemic radically changed the way many developer
teams worked together and collaborated. To investigate how
development teams were affected, we conducted two surveys.

The first was an exploratory survey distributed during the
early months of the pandemic with X developer responses.
The findings revealed that many developers thought their team
productivity had changed and that they faced challenges reaching
milestones. It also revealed that team culture factors in particular,
communication and social connection, had been impacted by
work from home. A second follow-up quantitative survey had
X developer responses, focused on commonly cited team culture
factors that emerged from the first survey. The majority of
respondents reported that their team’s social connection and
communication had changed. 74% of respondents reported that
missing social interaction was a work from home challenge they
faced and 51% reported a decrease in communication ease with
colleagues.

Data from the second survey was then used to build a model
to explore which team culture factors are important for modeling
team productivity, and a similar model for individual productivity
to compare the factors that were important for modeling different
kinds of productivity. When modeling team productivity, the
ability to brainstorm with colleagues, difficulty communicating
with colleagues, and satisfaction with social interaction from so-
cial activities are important factors to include. When comparing
important factors for modeling team and individual productivity,
we found there are some commonalities but significant factors
that are unique to both. This suggests they are not analogous
from a modeling perspective. When modeling team and individual
productivity, different metrics should be used.

I. INTRODUCTION

“How was your weekend?” The answer to that commonly
asked Monday morning at work question changed overnight
in 2020. The COVID-19 virus began spreading rapidly on
a global scale and eventually became a pandemic. Many
techology companies, including Google, Microsoft, Twitter,
Amazon, and Facebook sent their software developers home
to work remotely [1]. Software development teams, that were
used to working predominantly in-person, suddenly had to
pivot and re-imagine how they work and communicate with
one another.

Previous research has studied how working from home
(WFH) affects productivity [2], [3]. However, the factors that
affect the productivity of developers are not necessarily the
same as other knowledge workers [4]. Although traumatic
for many, the COVID-19 pandemic has created a natural
experiment that has allowed us and other researchers to study
WFH on a much larger scale than previously possible. It has
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Compared to working in office, how has productivity changed?

Fig. 1. Perceived changed in team and individual productivity

also helped reduce selection bias in studies of WFH since
almost everyone has to WFH. Although WFH during the
COVID-19 pandemic is not the same as WFH during normal
times, we can still learn about some of the concrete challenges
faced by developers while working remotely.

Since the beginning of the pandemic, there have been
several papers that describe research that studies this natural
experiment to understand how WFH is affecting developer
productivity by using various metrics for productivity. Bin et
al. performed a case study using automated trace data and
other metrics to determine how productivity had been affected,
and they found that productivity was affected in various ways
depending on the productivity metrics used [5]. Ralph et al.
performed an international large-scale questionnaire survey of
developers developer well-being and productivity are closely
related and both currently suffering [6].

However, there has been limited research on how developer
teams are being affected, so we extend this line of work and
focus on the effect to teams. There are many different kinds
of factors that affect developer productivity [7]. Once of the
overarching types of factors that affect developer productivity
are team culture factors. Team culture factors include com-
munication, camaraderie, and team cohesion. We hypothesize
these factors are of particular risk of being disrupted by the
mass sudden shift to WFH.

To this end, we investigated the effects of WFH on teams

1
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Social Connection 

Communication 

Takeaway: 
Commonly Cited Team Culture Factors:
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x3,500

x608

-> ~17% response rate



TABLE I
HOW HAS COMMUNICATION WITH YOUR TEAM MEMBERS CHANGED SINCE WORKING FROM HOME? (TEAM-Q2, 608 RESPONSES)

Communication Method

CM1 Frequency of scheduled meetings 12% 51%37%

CM2 Frequency of team member notifications 15% 46%40%

CM3 Frequency of ad-hoc meetings 36% 37%26%

CM4 Impactful contributions I make to team 16% 28%56%

CM5 Quality of scheduled meetings 23% 24%54%

CM6 Positive interactions with my team 25% 23%52%

CM7 Ability to collaborate with colleagues 1:1 34% 23%43%

CM8 Positive interactions with my manager 20% 23%58%

CM9 Satisfaction with communication with team 29% 20%51%

CM10 Ability to ask questions in group meetings 20% 19%61%

CM11 Effectiveness of communication with colleagues 28% 19%53%

CM12 Ability to share thoughts in group meetings 21% 16%63%

CM13 Communication ease with colleagues 51% 15%34%

CM14 Communication breakdowns w/in my team 18% 15%68%

CM15 Awareness of colleague’s work 40% 14%45%

CM16 Speed of decision making on my team 25% 12%63%

CM17 Ability to brainstorm with colleagues 57% 11%32%

CM18 Knowledge flow within my team 42% 11%47%

CM19 Ability to make decisions as a team 22% 11%66%

CM20 Feeling socially connected to my team 65% 7%28%

Significant Decrease Decrease About the Same Increase Significant Increase Percentages may not total 100% due to rounding.

from the WFH-Survey show that communication is (1) often
affected by changes in team culture, (2) used by teams to
support their members, and (3) a common challenge teams face
in reaching milestones. Teams are often being conscious of
communication and working hard to make improvements, but
it is still one of the biggest roadblocks to reaching milestones.
This suggests that while communication is a cornerstone
challenge for WFH teams, this is not a lack of communication
issue, but rather a quality of communication issue.

Numerous WFH-Survey respondents mentioned issues com-
municating in ways that used to be trivial, like brainstorming
with team members or the ability to collaborate with team
members one-on-one. One survey participant described the
“explosion of meeting requests and heightened expectations
on availability and response time from emails and online
messages. It is much harder to interject in online meetings
due to lack of visual cues, so meetings and decisions end up
monopolized by a small set of people.” (S397) Even though
most teams report they are still meeting regularly, there are
questions regarding the quality and ease of communication.

In the Team-Survey, we therefore sought to further explore
the prevalence of these challenges. When asked about WFH
issues faced, 58% of the Team-Survey respondents reported
being less aware of colleagues’ work, and 47% said they had
difficulty communicating with colleagues.

Table I shows a visualization of the responses to the
question “How has communication with your team mem-
bers changed since working from home?” (Team-Q2).
The communication aspects that have decreased the most

are feeling socially connected to team (65%, CM20),3 ability
to brainstorm with colleagues (57%, CM17), communication
ease with colleagues (51%, CM13), and knowledge flow within
my team (42%, CM18). The communication aspects that have
increased the most are frequency of scheduled meetings (51%,
CM1), frequency of team member notifications (46%, CM2),
and frequency of ad-hoc meetings.

The fact that 65% of respondents reported that they had
experienced a decrease in feeling socially connected to their
team (CM20) is alarming. Previous research has shown that
team camaraderie is an important factor in developer produc-
tivity [13]. The majority of respondents reported a decrease
in communication ease with colleagues (51%, CM13) and
the same or a higher frequency of scheduled meetings (88%,
CM1). This supports the hypothesis that although communi-
cation is occurring on teams, there are still issues regarding
the quality of the communication.

E. How have social interactions within teams changed during
WFH? (RQ5)

Based on the findings from the WFH-Survey, challenges
regarding social connection and social interaction appear to
be a common thread among developers, motivating our further
analysis. Many respondents are actively missing interactions
with their team members, specifically social interactions, and
numerous teams are using social engagements as a way to
actively support their members. Nonetheless, plenty of re-
spondents still reported deficiencies in social connection. In

3The labels CM# and SC# refer to the rows in Tables I and II respectively.
CM is short for Communication Method; SC is short for Social Connection.
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TABLE II
HOW HAS SOCIAL INTERACTION WITH YOUR TEAM MEMBERS CHANGED SINCE WORKING FROM HOME? (TEAM-Q3, 608 RESPONSES)

Social Connection

SC1 Frequency of scheduled social activities 65% 17%17%

SC2 Satisfaction with the social interaction from social activities 55% 7%38%

SC3 Connection with team members 57% 7%36%

SC4 Team’s overall sense of connection 59% 7%34%

SC5 Social connection with team members 66% 6%28%

SC6 Frequency of impromptu social activities 78% 5%17%

SC7 Enjoyment of social activities 59% 5%37%

Significant Decrease Decrease About the Same Increase Significant Increase Percentages may not total 100% due to rounding

TABLE III
CHANGES IN PERCEIVED TEAM PRODUCTIVITY.

WFH-Survey Team-Survey

Significantly more productive 3% 2%
More productive 19% 18%

About the same 55% 56%

Less productive 21% 21%
Significantly less productive 2% 2%

the Team-Survey, 74% of respondents reported missing social
interaction as a WFH challenge they experienced.

Many participants in the WFH-Survey also mentioned feel-
ing disconnected from their team members, and feeling like
they are not connecting with their team members remotely
in the same way they used to in person. The loss of team
lunches, which were a popular low-effort social event, was
commonly cited. One participant described how “we used
to have lunches together, and had good [camaraderie]. No
more lunches together, less [camaraderie], and less incidental
‘water cooler’ information exchange.” (S2049)

Table II shows the responses to the question “How has
social interaction with your team members changed since
working from home?” (Team-Q3). There is a large decrease
in social activities. Over half of the participants reported expe-
riencing a decrease for all items in Team-Q3. The frequency of
impromptu social activities (78%, SC7)3 and scheduled social
activities (65%, SC1) decreased dramatically. Furthermore,
59% of respondents reported a decrease in enjoyment of social
activities (SC7) and 66% of respondents reported a decrease
in social connections with their team members (SC5).

For the responses to the question “How do you stay
socially connected with your colleagues (in place of hall-
way conversations, coffee breaks, etc.?)” (Team-Q4, not
displayed in a table), we could observe that the most frequently
utilized social activities were relatively low-effort. The two
most frequently utilized social events were starting or ending
meetings with non-work conversations and sharing pictures
and memes, with 40% and 25% of teams respectively using
them at least 2-4 times weekly. Whereas, activities that require
more organization and coordination like external team bonding
activities and playing online games together were used less

frequently, with 1% and 2% respectively using them at least
2-4 times weekly.

F. Which factors are associated with a change in team pro-
ductivity during WFH? (RQ6)

When we asked participants in the Team-Survey how their
team productivity has changed compared to working in the
office, 20% reported an increase and 23% reported a decrease
(see Table III). The numbers were similar to the WFH-Survey.

To understand which factors are associated with a change in
team productivity, we built a regression model as described in
Section II-B based on the Team-Survey data. As a reminder,
the response variable, perceived change in team productivity
(Team-Q1), was a 5-point response from significantly de-
creased to significantly increased. The responses were coded
as a numerical variable as follows: �2 means significantly
decreased, �1 means decreased, 0 means about the same, +1
means increased, and +2 means significantly increased. Table
IV shows the model coefficients for the factors that had a
significant relationship with change in team productivity. Table
V lists the ANOVA F-statistic and p-value for all factors in
the reduced model.

Interpreting Model Coefficients. Since the response vari-
ables are categorical, each has n-1 dummy variables where n is
the number of categories for a given variable. It is important to
note the dummy variable coefficients do not represent absolute
change, but rather relative change to the baseline category (i.e.,
the category that is not coded with a dummy variable). The
dummy variable coefficients represent the difference between
the team productivity of a given category relative to the team
productivity of the baseline category for that factor.

Baseline Categories. For questions on a 5-point Decreased-
Increased, or Disagree-Agree scale, the baseline categories are
about the same and neither agree nor disagree, respectively.
For questions on a 3-point issue scale, the baseline is not an
issue. For External Team Bonding Activities, the baseline is
rarely or never.

Next, we discuss some observations from Table IV.
Less Awareness of What Colleagues are Working On.

Experiencing this issue was associated with a decrease in team
productivity. This is a concern because 58% of survey respon-
dents reported experiencing this issue. When experienced as a
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TABLE II
HOW HAS SOCIAL INTERACTION WITH YOUR TEAM MEMBERS CHANGED SINCE WORKING FROM HOME? (TEAM-Q3, 608 RESPONSES)

Social Connection

SC1 Frequency of scheduled social activities 65% 17%17%

SC2 Satisfaction with the social interaction from social activities 55% 7%38%

SC3 Connection with team members 57% 7%36%

SC4 Team’s overall sense of connection 59% 7%34%

SC5 Social connection with team members 66% 6%28%

SC6 Frequency of impromptu social activities 78% 5%17%

SC7 Enjoyment of social activities 59% 5%37%

Significant Decrease Decrease About the Same Increase Significant Increase Percentages may not total 100% due to rounding

TABLE III
CHANGES IN PERCEIVED TEAM PRODUCTIVITY.

WFH-Survey Team-Survey

Significantly more productive 3% 2%
More productive 19% 18%

About the same 55% 56%

Less productive 21% 21%
Significantly less productive 2% 2%

the Team-Survey, 74% of respondents reported missing social
interaction as a WFH challenge they experienced.

Many participants in the WFH-Survey also mentioned feel-
ing disconnected from their team members, and feeling like
they are not connecting with their team members remotely
in the same way they used to in person. The loss of team
lunches, which were a popular low-effort social event, was
commonly cited. One participant described how “we used
to have lunches together, and had good [camaraderie]. No
more lunches together, less [camaraderie], and less incidental
‘water cooler’ information exchange.” (S2049)

Table II shows the responses to the question “How has
social interaction with your team members changed since
working from home?” (Team-Q3). There is a large decrease
in social activities. Over half of the participants reported expe-
riencing a decrease for all items in Team-Q3. The frequency of
impromptu social activities (78%, SC7)3 and scheduled social
activities (65%, SC1) decreased dramatically. Furthermore,
59% of respondents reported a decrease in enjoyment of social
activities (SC7) and 66% of respondents reported a decrease
in social connections with their team members (SC5).

For the responses to the question “How do you stay
socially connected with your colleagues (in place of hall-
way conversations, coffee breaks, etc.?)” (Team-Q4, not
displayed in a table), we could observe that the most frequently
utilized social activities were relatively low-effort. The two
most frequently utilized social events were starting or ending
meetings with non-work conversations and sharing pictures
and memes, with 40% and 25% of teams respectively using
them at least 2-4 times weekly. Whereas, activities that require
more organization and coordination like external team bonding
activities and playing online games together were used less

frequently, with 1% and 2% respectively using them at least
2-4 times weekly.

F. Which factors are associated with a change in team pro-
ductivity during WFH? (RQ6)

When we asked participants in the Team-Survey how their
team productivity has changed compared to working in the
office, 20% reported an increase and 23% reported a decrease
(see Table III). The numbers were similar to the WFH-Survey.

To understand which factors are associated with a change in
team productivity, we built a regression model as described in
Section II-B based on the Team-Survey data. As a reminder,
the response variable, perceived change in team productivity
(Team-Q1), was a 5-point response from significantly de-
creased to significantly increased. The responses were coded
as a numerical variable as follows: �2 means significantly
decreased, �1 means decreased, 0 means about the same, +1
means increased, and +2 means significantly increased. Table
IV shows the model coefficients for the factors that had a
significant relationship with change in team productivity. Table
V lists the ANOVA F-statistic and p-value for all factors in
the reduced model.

Interpreting Model Coefficients. Since the response vari-
ables are categorical, each has n-1 dummy variables where n is
the number of categories for a given variable. It is important to
note the dummy variable coefficients do not represent absolute
change, but rather relative change to the baseline category (i.e.,
the category that is not coded with a dummy variable). The
dummy variable coefficients represent the difference between
the team productivity of a given category relative to the team
productivity of the baseline category for that factor.

Baseline Categories. For questions on a 5-point Decreased-
Increased, or Disagree-Agree scale, the baseline categories are
about the same and neither agree nor disagree, respectively.
For questions on a 3-point issue scale, the baseline is not an
issue. For External Team Bonding Activities, the baseline is
rarely or never.

Next, we discuss some observations from Table IV.
Less Awareness of What Colleagues are Working On.

Experiencing this issue was associated with a decrease in team
productivity. This is a concern because 58% of survey respon-
dents reported experiencing this issue. When experienced as a
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How do you stay socially connected with your colleagues 
(in place of hallway conversation, coffee breaks, etc.?)



TABLE I
HOW HAS COMMUNICATION WITH YOUR TEAM MEMBERS CHANGED SINCE WORKING FROM HOME? (Q12)

Communication Method

CM1 Frequency of scheduled meetings 12% 51%37%

CM2 Frequency of team member notifications 15% 46%40%

CM3 Frequency of ad-hoc meetings 36% 37%26%

CM4 Impactful contributions I make to team 16% 28%56%

CM5 Quality of scheduled meetings 23% 24%54%

CM6 Positive interactions with my team 25% 23%52%

CM7 Positive interactions with my manager 20% 23%58%

CM8 Ability to collaborate with colleagues 1:1 34% 23%43%

CM9 Satisfaction with communication with team 29% 20%51%

CM10 Ability to ask questions in group meetings 20% 19%61%

CM11 Effectiveness of communication with colleagues 28% 19%53%

CM12 Ability to share thoughts in group meetings 21% 16%63%

CM13 Communication ease with colleagues 51% 15%34%

CM14 Communication breakdowns w/in my team 18% 15%68%

CM15 Awareness of colleague’s work 40% 14%45%

CM16 Speed of decision making on my team 25% 12%63%

CM17 Ability to make decisions as a team 22% 11%66%

CM18 Knowledge flow within my team 42% 11%47%

CM19 Ability to brainstorm with colleagues 57% 11%32%

CM20 Feeling socially connected to my team 65% 7%28%

Significant Decrease Decrease About the Same Increase Significant Increase

TABLE II
HOW HAS SOCIAL INTERACTION WITH YOUR TEAM MEMBERS CHANGED SINCE WORKING FROM HOME? (Q13)

Social Connection

SC1 Frequency of scheduled social activities 65% 17%17%

SC2 Satisfaction with the social interaction from social activities 55% 7%38%

SC3 Connection with team members 57% 7%36%

SC4 Team’s overall sense of connection 59% 7%34%

SC5 Social connection with team members 66% 6%28%

SC6 Frequency of impromptu social activities 78% 5%17%

SC7 Enjoyment of social activities 59% 5%37%

Significant Decrease Decrease About the Same Increase Significant Increase

TABLE III
WHAT WORK-RELATED CHALLENGES HAVE YOU EXPERIENCED WORKING FROM HOME AND HOW IMPACTFUL ARE THESE CHALLENGES? (Q15)

WFH Challenge

Less awareness of colleague’s work 42% 10%48%

Difficult to communicate w/ colleagues 53% 10%37%

Too many meetings 55% 17%29%

Missing social interaction 25% 26%48%

Lack of motivation 50% 21%28%

Not an Issue Minor Issue Major Issue

with 1% and 2% respectively using them at least 2-4 times
weekly.

VII. WHICH FACTORS CAN BE USED TO MODEL TEAM
PRODUCTIVITY? (RQ5)

Table V lists the ANOVA F-statistic and p-value for all
factors in the reduced model. Table IV shows the model

8
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What work-related challenges have you experienced working from home 
and how impactful are these challenges?



Takeaway: 
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Staying Socially Connected – Challenge 
Maintaining Effective Communication – Challenge 



Analyze results of 
previous WFH survey

Run survey focused
on team productivity 

Build model to predict
team productivity
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AIC Backwards Stepwise Regression
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Takeaway:
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Modeling Team Productivity

Ability to make decisions
as a team

Impactful contributions 
I make to team

Ability to brainstorm
with team External team bonding

activities 

Difficulty communicating
with colleagues 

Less awareness of what
colleagues are working on

Start/end meetings with
non-work talk

Frequency of scheduled 
social activities

Team members are 
Supportive of new ideas



Next… Practical Recommendations for Practitioners!
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Recommendations for social connection: 
Build and maintain team culture 

Include social activities as part of “work”

Be mindful of other people’s time

Actively work to be inclusive
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Recommendations for social connection: 
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Include social activities as part of “work”
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Recommendations for communication: 

Managers should stay aware of contributions 

Managers should hold weekly 1:1 meetings 

Hold regular team meetings 

Create communication standards
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Managers should stay aware of contributions 

Managers should hold weekly 1:1 meetings 

Hold regular team meetings 

Create communication standards

Recommendations for communication: 



65% report decreased social connection to team
51% report decreased communication ease with colleagues
57% report decreased ability to brainstorm with colleagues 
74% consider missing social interaction a work-related WTF challenge

Modeling Team Productivity

Ability to brainstorm
with team

Difficulty communicating
with colleagues Less awareness of what

colleagues are working on

TL;DR
:

Common Challenges: 
Staying socially connected 
Maintaining effective communication

courtneymiller@cmu.edu 



Questions? 

courtney.miller17@ncf.edu or courtneymiller@cmu.edu 

       @courtneyelta

https://courtney-e-miller.github.io/
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Go team!
We are #1


