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Background: The COVID-19 pandemic triggered a natural experiment of an unprecedented scale
as companies closed their offices and sent employees to work from home. Many managers were
concerned that their engineers would not be able to work effectively from home, or lack the motivation
to do so, and that they would lose control and not even notice when things go wrong. As many
companies announced their post-COVID permanent remote-work or hybrid home/office policies, the
question of what can be expected from software engineers who work from home becomes more and
more relevant.
Aims: To understand the nature of home telework we analyze the evidence of perceived changes
in productivity comparing office work before the pandemic with the work from home during the
pandemic from thirteen empirical surveys of practitioners.
Method: We analyzed data from six corporate surveys conducted in four Scandinavian companies
combined with the results of seven published surveys studying the perceived changes in productivity
in industrial settings. In addition, we sought explanations for the variation in perceived productivity
among the engineers from the studied companies through the qualitative analysis of open-ended
questions and interviews.
Results: Combined results of 7686 data points suggest that though on average perceived productivity
has not changed significantly, there are developers who report being more productive, and developers
being less productive when working from home. Positively affected individuals in some surveys form
large groups of respondents (up to 50%) and mention benefiting from a better organization of work,
increased flexibility and focus. Yet, there are equally large groups of negatively affected respondents
(up to 51%) who complain about the challenges related to remote teamwork and collaboration, as
well as emotional issues, distractions and poor home office environment and equipment. Finally,
positive trends are found in longitudinal surveys, i.e., developers’ productivity in the later months
of the pandemic show better results than those in the earlier months.
Conclusions: We conclude that behind the average ‘‘no change’’ lays a large variation of experiences,
which means that the work from home might not be for everyone. Yet, a longitudinal analysis of
the surveys is encouraging, as it shows that the more pessimistic results might be influenced by the
initial experiences of an unprecedented crisis. At the end, we put forward the lessons learned during
the pandemic that can inspire the new post-pandemic work policies.
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1. Introduction

As the novel coronavirus SARS-CoV-2 started to spread glob-
ally in late 2019 and early 2020, many technology companies
closed their offices and sent employees to work from home
(WFH), marking the turn of the history in the magnitude of
experience and perception of telework. While some warn that
quarantine work is not normal working from home due to the
experiences of an unprecedented crisis (Ralph et al., 2020), many
icle under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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gree that this event will lead to significant changes in the post-
andemic workplace and is an opportunity to derive the impor-
ant lessons learned regarding development productivity (Ford
t al., 2020; Bao et al., 2020; Miller et al., 2021; Smite et al.,
021b).
One of the first rigorous studies quantifying the changes in

eveloper activity brought by the transition into the work-from-
ome mode is made available by the GitHub research team (Fors-
ren, 2020). The analysis of all GitHub projects (open source and
orporate) concludes that the developer activity in terms of the
umber of pushes, pull requests, code reviews and commented
ssues remained similar or slightly increased compared to the pre-
andemic year. This finding is consonant with numerous other
tudies that conclude that software companies have nothing to
orry about since working from home is per se not a significant
hallenge for software engineers (Smite et al., 2021b; Russo et al.,
021; Bezerra et al., 2020). In fact, earlier studies included in
he state-of-the-art of telework by Fløvik et al. (2021) suggest
hat most related studies report higher productivity and some-
hat higher job satisfaction for those working from home in
omparison with those working from the office (Fløvik et al.,
021).
At the same time, there is little knowledge about the long-

erm effects of WFH, because studies related to pre-pandemic
elework included only part-time voluntary teleworkers. How-
ver, some researchers focusing on the experiences from the first
onths of the pandemic already warn about the possible burnout
aused by an increased activity during the non-core hours, such
s early mornings, late evenings and weekends (DeFilippis et al.,
020; Forsgren, 2020; Nolan et al., 2020; de Mendonça et al.,
020; Miller et al., 2021), which is also known from earlier studies
f telework (Fløvik et al., 2021). If developers put more time
nto achieving the same result, this means that their productivity
as decreased. Yet, artifact-based analyses fall short to provide
onvincing evidence or a valid explanation, since it is difficult to
now whether registered activity reflects the true work activity,
.e., whether the time between the first and the last commit or
mail sent does not contain longer breaks or periods of inactivity.
To complement the quantitative studies referred to above and

he studies focusing solely on a short WFH time period, the cur-
ent study is set out to summarize the evidence from perception-
ased studies of developer productivity over one year’s time.
his research is, thus, driven to address the following research
uestion:

Q1: How did the perceived productivity change when software
ngineers worked from home during the COVID-19 pandemic?
Furthermore, as many companies announce their post-COVID

ermanent remote-work or hybrid home/office policies, we are
otivated to better understand what hinders and enables pro-
uctivity of software engineers when working from home. Thus,
e pose the second research question:

Q2: What factors predict changes in perceived productivity?
The remainder of the paper is organized as follows. In the next

ection we outline the background related to the productivity
easurement in software engineering, as well as refer to the
tudies of pandemic productivity. In Section 3, we describe the
hirteen surveys of the changes of perceived productivity dur-
ng the COVID-19 pandemic included in our study. Section 4 is
edicated to the results, which are discussed in Section 5. Finally,
ection 6 concludes our paper with a short summary of the key
indings.
2

2. Background

Researchers and practitioners have been interested in produc-
tivity of software engineers for many decades. Yet, the questions
of how to measure or even define developer productivity remain
elusive (Forsgren et al., 2021). Studying productivity in software
engineering is inseparable from the discussion about the degree
to which the productivity metrics reflect the actual productivity,
in other words, validity of productivity as a construct (Ralph
and Tempero, 2018). Productivity generally refers to the rate of
produced output per unit of time (Meyer et al., 2014; de Lemos
Meira et al., 2010). Examples of metrics typically used for moni-
toring productivity in software engineering include a number of
tasks per month (Zhou and Mockus, 2010), deployment frequency
(Forsgren et al., 2021), lines of code per person–month (Nguyen
et al., 2011), time to resolve a modification request (Cataldo et al.,
2008), a number of pull requests or a number of builds per
engineer per hour (Spataro, 2020), a number of bugs found and
fixed, a number of emails sent (Meyer et al., 2014), and function
point productivity (Petersen, 2011). However, there is no metric
that has not been criticized. For example, measuring productivity
with lines of code can be a matter of preference among differ-
ent developers (Ralph et al., 2020; Ralph and Tempero, 2018)
and can depend on the choice of the programming language
(Petersen, 2011). Similarly, function point productivity has been
criticized because not all development efforts are counted as
function points (Petersen, 2011). Such considerations discourage
many researchers from studying productivity (Ko, 2019), while
others look at developers’ productivity as a complex and nuanced
phenomenon (Forsgren et al., 2021), affected by technical aspects
(e.g., tools), as much as social aspects (e.g., team organization
and work environment) (de Lemos Meira et al., 2010). Thus, it is
not surprising that subjective measures of productivity become
popular instruments in the productivity research.

Perceived productivity can be viewed as an alternative self-
reported indicator which allows to evaluate how productive de-
velopers feel. A typical method is asking developers to self-assess
productivity on a Likert scale from low (e.g., very unsatisfied with
productivity) to high (very satisfied) (Meyer et al., 2014). Just as
objective metrics, self-reported productivity represents a threat
for the construct validity. Belonging to the toolbox of survey
research, assessment of self-reported productivity requires rig-
orous design and validation of the questionnaires (Molléri et al.,
2020). A more advanced and well-established tool for measuring
perceived productivity (although not specific to software engi-
neers as a profession) is the WHO’s Health and Work Performance
Questionnaire (HPQ)1 .

By the time we write this paper, a number of research studies
have reported the experiences with pandemic programming, in-
cluding survey studies that report practitioners’ perceived changes
in productivity when comparing the office times with the WFH
period (Ralph et al., 2020; Ford et al., 2020; Russo et al., 2021;
Oliveira et al., 2020) (see our detailed description in Section 3.2
and a summary of the papers in Table 2). Additionally, we found
three surveys of perceived productivity (Miller et al., 2021; Bezerra
et al., 2020; Neto et al., 2020) that are related but do not match
our research questions for different reasons, which we summarize
in the following.

The first study by Miller et al. (2021) reports a continuation of
the work conducted by Bao et al. (2020) which is a set of surveys
conducted in Microsoft. The study was excluded from our analysis
because the authors focused on team productivity, while we are
interested in individual productivity. The study reports results
from the second survey included in Bao et al. (2020) combined

1 Available online at https://www.hcp.med.harvard.edu/hpq/info.php.

https://www.hcp.med.harvard.edu/hpq/info.php
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ith an additional team-productivity survey, ran in July 2020. The
ew analysis concludes that 20% of respondents report their team
roductivity being positively affected by WFH, 56% remaining
he same, and 23% being negatively affected, followed by a rich
nsight into various aspects of communication and collaboration
hat explain the results.

Neto et al. (2020) surveyed 279 professionals from 32 coun-
ries and concluded that the overall productivity and task comple-
ion time did not decrease during the pandemic period compared
o the usual time. We do not include this study in our analysis,
ecause the authors only examine the negative changes or the
bsence of such, which made it impossible to assess whether
espondents have been affected positively (which is important for
ur analysis).
Finally, Bezerra et al. (2020) assessed the state of practice of
FH in Brazilian software companies in May 2020 on a scale
f unsatisfactory, regular, good and excellent, i.e., the current
roductivity during the pandemic and not on the changes. Hence,
his study was excluded from our analysis as well. The authors
ound that the majority reported good or excellent productivity
nd that productivity was influenced by external interruptions,
daptation and emotional well-being.

. Included surveys and research methodology

In this paper, we offer the results of thirteen surveys re-
orting the changes in perceived productivity in WFH when
ompared to the pre-pandemic times, and the key reasons behind
hese changes. Hereby, we first describe data from six surveys
hat we collected (secondary data) from four software-intensive
ompanies (see a summary in Table 1), and then seven related
urveys from previous studies which we found in the literature
ith similar measures of perceived productivity (see a summary

n Table 2). We conclude the section with the data analysis
pproach.

.1. Empirical studies and the first six surveys

The cases included in this paper are GlobCo, Norbank, Savings-
ank, and NorIT — pseudonyms of four companies, the identities
f which are preserved for confidentiality reasons. In all cases,
e relied on company-internal surveys that were designed and
an independently from our study, which qualifies our actions as
econdary analysis of the secondary data (Robson, 2002). In three
f four cases we did not have access to the raw survey data. For
his reason and due to confidentiality, we are unable to share the
ata openly.

.1.1. GlobCo
GlobCo is a large international company headquartered in

orthern Europe. GlobCo develops a wide range of software-
ntensive products and solutions, including generic software prod-
cts offered to an open market and complex compound systems
ith customized versions. In this study, we examine one ge-
graphic site of GlobCo in Sweden. GlobCo was very early to
tart preparations for the pandemic, as the company limited the
usiness travel in early 2020 and closed their sites in March. All
mployees were allowed to borrow office equipment and directed
o work from home. During the summer 2020 and episodically
hroughout the pandemic, employees were allowed to visit the
ffices for important meetings, strictly limiting the number of
imultaneous visits and the number of people in the meetings
ooms and offices. However, in practice, many chose to remain
orking from home full time. In November 2020, the company
3

announced the program for reimbursing home office equipment
and furniture, with the intention to improve the WFH conditions.

Survey 1: We analyzed the results from an internal WFH survey
of employees in one department at GlobCo. The survey was run
in March 2021, and had 458 respondents, representing 75% of
employees in that location (which is above the acceptable level
(i.e., 60%) (Robson, 2002)). 94% of respondents have been working
from home full time. In the survey, respondents were asked to
rate their perceived productivity on a 3-point Likert scale (less
than normal, as normal, more than normal).

Qualitative data: To complement the survey findings and find ex-
planations for the results, the first and the third author conducted
qualitative interviews with 11 representatives from the studied
GlobCo location (project leaders, developers, architects/designers,
testers, and DevOps specialists). Interviewees were selected by
convenience sampling, at the same time aiming at having rep-
resentatives from different age groups and with different family
situations. The interviews were 30–60 min long and focused on
the rhythm of a typical day under WFH, reflections on the changes
in the daily routines (schedule, tasks, meetings, teamwork, cere-
monies, including pair programming), on what works and what
does not work in the WFH mode, home office setup, and hopes for
the future. Interviews were held in English via MS Teams, video-
and audio-recorded and later transcribed.

3.1.2. Norbank
Norbank is a financial services company headquartered in

Norway, which operates in the Nordic markets and offers pension,
savings, insurance and banking products to both the private and
the business market. While the company employs more than
2,000 people in total, this study includes software developers
working in software teams from different parts of the company.
Following the lockdown in March 2020, a vast majority of Nor-
bank employees moved from working in an open office and
applying agile practices and ceremonies (for over 10 years) to
working from home. Those with business-critical tasks could use
the office, and during the fall those not having a good home
office environment could even send a request to return to the
office. Further, team members could borrow whatever technical
equipment they needed from the office, and each person received
500=C for buying equipment. Finally, management arranged fre-
quent meetings to make sure everyone was informed regarding
the current situation.

Survey 2: We analyzed the results of an all-company internal
WFH survey run in June 2020. After removing non-developers, 87
responses were included in this study (80% response rate among
developers, which is well above the acceptable level (Robson,
2002)). In the survey, respondents were asked to rate how their
productivity was affected by the COVID-19 and the WFH on a
5-point Likert scale ranging from significantly decreased (1) to
significantly increased (5).

Qualitative data: In the survey, respondents were also asked to
describe the main challenges and benefits associated with WFH in
a free-text form. We received 60 responses, which were used for
qualitative analysis. Further, the third and the sixth author pre-
sented the results back to the company to capture their opinions
and understanding of the results.

3.1.3. SavingsBank
SavingsBank is a Norwegian software development company

owned by an alliance of banks. Before the pandemic, 24 devel-
opment teams were situated in an open office, and most use a
Kanban variant with elements of Scrum as their way of working.
In February 2020, one team member contracted the virus and
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Table 1
Overview of the case-based corporate surveys exploring the changes in perceived productivity in WFH (secondary data).

Case id N Response rate Time period Population

1 GlobCo 458 75% Mar 2021 Software engineers from one company site in Sweden
2 NorBank 87 80% Jun 2020 Software engineers from Norway, representing the whole company
3 SavingsBank 1 268 67% May 2020 Software engineers from Norway, representing the whole company
4 SavingsBank 2 225 61% Apr 2021 Software engineers from Norway, representing the whole company
5 NorIT 1 131 75% May–Jun 2020 Software engineers from Norway, representing one department
6 NorIT 2 18 90% Jan 2021 Software engineers from Norway, representing another department

Total: 1187
Table 2
Overview of related surveys from previous studies reporting the changes in perceived productivity in WFH.

Surveys N Time period Population

7 Ralph et al. (2020) 1940 Mar 27–Apr 29, 2020 Predominantly software developers from 53 countries
8 Ford et al. (2020) 1 1369 Mar 16–20, 2020 Microsoft developers and program managers from the Washington State, US
9 Ford et al. (2020) 2 2078 Apr 22–May 9, 2020 Microsoft developers, program managers and data scientists from US
10 Russo et al. (2021) 1 192 Apr 20–26, 2020 Professionals from the UK, US and Portugal, and 38 other countries, primarily in Europe.11 Russo et al. (2021) 2 182 May 4–10, 2020
12 Oliveira et al. (2020) 1 184 Apr 2020 Professionals working in software companies in Brazil.13 Oliveira et al. (2020) 2 229 May 2020

Total: 6499
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the whole team started working from home. In March 2020, the
rest of the employees went from predominantly on-site work to
fully distributed work from home as the company sites closed.
Everyone was offered to take the equipment they needed from
the office. Further, everyone could get a reimbursement on their
internet cost (up to 60=C per month), and those who needed a
ew chair, or a table could get a 300=C support. The company
requently communicated strategy updates, good team practices
nd how to work from home. During the course of the pandemic,
mployees were episodically allowed to be at the office when the
pread of the virus decreased, and sent home again, when the
estrictions worsened. The number of simultaneous employees
t the office and in meeting rooms, and the distance between
mployees were controlled.

urveys 3–4: In SavingsBank, we based our findings on the results
rom two waves of an internal survey of employees with 268
espondents (response rate 67%, which is acceptable (Robson,
002)) in the first wave (completed in May 2020) and 225 respon-
ents (response rate 61%, which is acceptable (Robson, 2002)) in
he second wave (April 2021). In both surveys, respondents were
sked to quantify their productivity in comparison with the times
hen they were working in the office by judging their output: ‘‘I
ave produced/delivered. . . ’’ with the response options on the 5-
oint Likert scale (much more from home than from the office,
ore from home than from the office, equally much from home
s from the office, slightly less from home as from the office,
ignificantly less from home than from the office). The survey was
esigned and collected by the SavingsBank and analyzed by the
hree first authors.

ualitative data: To complement the survey findings and find
xplanations for the results, the second and the third authors
nalyzed the free text responses (150 comments in the first wave
nd 151 comments in the second wave). We also interviewed 7
ompany representatives. The interviews were transcribed and
sed in the qualitative analysis. Finally, we presented the results
ack to the company to elicit their opinions.

.1.4. NorIT
NorIT develops products consisting of hardware and software

omponents. The company combines traditional project manage-
ent with agile development methods. Before the pandemic, the

eams were either situated in an open office, in own offices or
hared the office with one or two teammates. Notably, 8% worked
 c

4

regularly from home already prior to the pandemic due to a long
commute time (∼2–3 hours/day). In March 2020, 91% went into
he work from home mode as the company sites closed. Many
f those that needed access to a restricted network had to work
rom the office. Everyone was offered to take the equipment
hey needed from the office. During the course of the pandemic,
mployees were allowed back to the NorIT office when the spread
f the virus decreased. This allowed the company to start testing
ow to organize a hybrid workplace for the future.

urveys 5–6: In NorIT, we based our findings on two surveys
n two different departments conducted at two different points
f time. The first survey was ran in May 2020 and gathered
esponses from 395 respondents working on one specific product,
mong which 131 were working on software development (75%
esponse rate among software developers, which is above the
cceptable level (Robson, 2002)). The second survey was per-
ormed in January 2021 and gathered 45 responses from devel-
pers working on another product, with 18 being involved in the
oftware development (90% response rate among the software
evelopers, which is well above the acceptable level (Robson,
002)). Most developers worked from home all days during the
andemic. Perceived productivity was assessed through an item
sed in both surveys: ‘‘When I work from home I am:. . . ’’ with the
esponse options: ‘‘more productive than at the office, have the
ame productivity home and at the office, less productive than at
he office’’.

ualitative data: As in other corporate surveys from Norwegian
ases, respondents from NorIT were asked to describe the main
hallenges and benefits associated with WFH in a free-text form.
e received 71 comments in the first NorIT survey, and 13 com-
ents in the second survey, which were all used in the qualitative
nalysis.

.2. Seven surveys from related literature

To answer our research questions, we supplemented the per-
eived productivity data from the empirical cases with the data
nd/or results available from earlier related studies that compare
he pre-pandemic office productivity of software engineers with
hat during the pandemic (Ralph et al., 2020; Ford et al., 2020;
usso et al., 2021; Oliveira et al., 2020). In the following, we
escribe the survey instruments employed in each of the included

ases.
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.2.1. Ralph et al.
Ralph et al. (2020) performed an extensive study of the pan-

emic impact on programming, including productivity in the
arly months of WFH. The authors also assessed how perceived
roductivity is affected by disaster preparedness, change in well-
eing and home office ergonomics. They conclude that perceived
roductivity has declined (admitting a marginal effect size) as
result of negatively affected wellbeing and that organizations
eed to accept that expecting normal productivity under the crisis
ircumstances is unrealistic.

urvey 7: Ralph et al. run their survey in March–April 2020
gathering a large number of responses from 2078 professionals
from 53 countries (a subset of those who responded to the per-
ceived productivity question). The analysis included respondents
who switched from working in the office to working from home.
With respect to the profession and affiliation, the respondents
are very diverse, representing organizations ranging from 0–9
employees to more than 100,000, with 80% being software de-
velopers or equivalent and 20% being other kinds of software
professionals (e.g., project manager, quality assurance analyst).
To elicit perceived productivity, the authors applied the WHO’s
Health and Work Performance Questionnaire (HPQ) and report
average total scores for both before and after the transition to
WFH. The participants of a single survey were asked to evaluate
their own productivity for the period before the switch (HPQB)
and the period since the switch (HPQS), where each period was
assessed through 9 items. The total perceived productivity scores
were calculated by deriving a total of several items from the HPQ
separately for before and since the pandemic. The items were
standardized, and two items were omitted from the traditional
HPQ to increase the convergent and discriminant validity of the
factor analysis. Furthermore, the authors assessed disaster pre-
paredness using Yong et al.’s disaster preparedness scale (Yong
et al., 2017), emotional well-being using WHO’s five-item wellbe-
ing index and ergonomics through a self-created six-item 6-point
Likert scale concerning distractions, noise, lighting, temperature,
chair comfort and overall ergonomics.

3.2.2. Ford et al.
Ford et al. (2020) conducted a two-wave study with the first

ave including Microsoft engineers from one location in the US,
nd the second — Microsoft engineers from all locations in the
S two surveys in Microsoft. Both surveys indicated that the
roductivity increased among some participants and stayed the
ame or decreased among the others, which led the authors to
onclude that the productivity during the COVID-19 pandemic
as dichotomous.

urveys 8–9: Data from the first survey was collected among
369 developers and program managers in March 2020, whereas
he second wave was run in April–May 2020 among 2265 de-
elopers, program managers and data scientists. In both surveys
he respondents were asked, ‘‘Compared to working from home,
ow has your productivity changed?’’ and gathered responses on
4-point Likert scale: Less productive, About the same, More pro-
uctive, and Significantly more productive. The results were sum-
arized by waves and compared across the waves. Additionally,
urvey 9 elicited experiences with the challenges and benefits
hen working from home, as well as their impact (‘‘What work-
elated challenges have you experienced working from home
nd how impactful are these challenges?’’, ‘‘What work-related
hallenges have you experienced working from home and how
mpactful are these challenges?’’).

ualitative data: Survey 8 collected qualitative insights to better
nderstand the change in perceived productivity. The participants
5

were asked to follow-up on their response on perceived produc-
tivity: ‘‘Please share details about your answer to the previous
question on how your productivity has changed’’. The answers
were used to design a list of challenges/benefits that the partici-
pants could choose from when answering the matching questions
in Survey 9 (see above).

3.2.3. Russo et al.
Russo et al. (2021) performed a two-wave longitudinal study

with a diverse group of professionals, diving into the impact of
over 50 psychological, social, situational, and physiological factors
and their ability to predict the variance in well-being and pro-
ductivity. The study concludes with a few associations between
the studied factors and perceived productivity and puts forward
actionable recommendations. In particular, the authors empha-
size boredom as an important factor associated with productivity,
which was measured using the 8-item from the Boredom Prone-
ness Scale (Farmer and Sundberg, 1986), including items like ‘‘It
is easy for me to concentrate on my activities’’ and ‘‘Many things
I have to do are repetitive and monotonous’’ assessed on a 4-
point Likert scale. Another important factor found by Russo et al.
was distraction at home, which was measured with two items: ‘‘I
am often distracted from my work (e.g., noisy neighbors, children
who need my attention)’’ and ‘‘I am able to focus on my work
for longer time periods’’ (recoded) with responses given on a 5-
point scale. Regarding the changes in productivity, the authors
conclude that WFH does not per se present a challenge for either
organizations or developers.

Survey 10–11: In their survey, Russo et al. conducted two wave
data collection from 192 professionals in April and May 2020.
They asked the respondents to rate their productivity by com-
paring it to their own normal. The change in productivity (∆
Productivity) was operationalized through three variables: P1
(‘‘How many hours have you been working approximately in
the past week?’’, P2 (‘‘How many hours were you expecting to
work over the past week assuming there would be no global
pandemic and lockdown?’’ and P3 ‘‘If you rate your productivity
(i.e., outcome) per hour, has it been more or less over the past
week compared to a normal week?’’. The total ∆ Productivity
was calculated for each wave using the formula (P1/P2) × ((P3
+ 100)/100), where the values between 0 and .99 would reflect
that people were less productive than normal, and values above
1 would indicate that they were more productive than normal.

3.2.4. Oliveira et al.
Oliveira et al. (2020) gathered data from two online surveys

of Brazilian professionals. The authors found that perceived pro-
ductivity in WFH when comparing with the office times has
increased. Another important finding made regarding the changes
in perceived productivity during the pandemic was that the num-
ber of positively affected respondents grew from 40% in the first
wave to 60% in the second wave.

Survey 12–13: The two surveys were run in April and May 2020
and gathered responses from a diverse set of professionals, 75%
being software developers or equivalent. Most of respondents
work in companies with more than 100 employees (63%), others
work in companies with 10–50 (18%), 51–100 employees (9%)
and less than 10 employees (9%). All respondents work 100% re-
motely, although they started remote working at different points
of time. Perceived productivity data was gathered by inquiring,
‘‘Do you consider that your productivity in this period: Continued
the same, Increased, and Decreased’’. Interestingly, the order of
the response options in this study is different from the other
studies that offered the response options from negative to neu-
tral and then to positive options. Furthermore, the authors have
made stratified analysis on different groups of respondents to
understand if any of the groups is particularly affected.
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able 3
ranslation of the different scales of the perceived productivity across studies.

Survey Perceived productivity question Decreased Same Increased

1 GlobCo I am as productive/effective as
I would like during the current
situation. Choose one option.

Less than normal As normal More than normal

2 Norbank The productivity of my work
has been. . .

Significantly decreased;
Decreased

Same as before
COVID-19

Increased; Significantly
increased

3–4 SavingsBank Quantify your productivity: I
have produced/delivered. . .

Slightly less from home
as from the office;
Significantly less from
home than from the
office

Equally much from
home as from the office

More from home than
from the office; Much
more from home than
from the office

5–6 NorIT When I work from home I
am:. . .

Less productive than at
the office

As productive at home
as at the office

More productive than at
the office

7 Ralph et al. Multiple questions from the
WHO’s Health and Work
Performance Questionnaire

HPQB > HPQS HPQB = HPQS HPQB < HPQS

8–9 Ford et al. Compared to working from
home, how has your
productivity changed?

Significantly less
productive;
Less productive

About the same More productive;
Significantly more
productive

10–11 Russo et al. P1: How many hours have you
been working approximately in
the past week?’’, P2: ‘‘How
many hours were you
expecting to work over the
past week assuming there
would be no global pandemic
and lockdown?’’, P3: If you
rate your productivity (i.e.,
outcome) per hour, has it been
more or less over the past
week compared to a normal
week?

∆ Productivity <1, where
∆ Productivity = (P1/P2)
× ((P3 + 100)/100)

∆ Productivity = 1,
where ∆ Productivity =

(P1/P2) × ((P3 +

100)/100)

∆ Productivity > 1,
where ∆ Productivity =

(P1/P2) × ((P3 +

100)/100)

12–13 Oliveira et al. Do you consider that your
productivity in this period:. . .

Decreased Continued the same Increased
3.3. Data analysis approach

To answer our first research question (RQ1: How did the
perceived productivity change when software engineers worked
from home during the COVID-19 pandemic?), we summarized the
results of thirteen surveys after standardizing the scales across
all surveys (see Fig. 1). In the previous section, we described the
different scales used in each study. Most of the studies used a
Likert scale of three, four or five points. Two studies (Ralph et al.,
2020; Russo et al., 2021) used continuous scales, which we have
standardized according to the original operationalization. Since
the actual distributions of the perceived productivity responses
are not disclosed in either of the papers, we replicated the cal-
culations of the productivity scores in these studies using the
publicly available replication packages to estimate the number of
participants with scores indicating decreased, same or increased
productivity after the switch to WFH (frequency distributions).
See the mapping of the variables in Table 3. Proceeding in this
way allowed us to transform the data in scales comparable to the
Likert scales used by the majority of the studies. The frequency
distributions from the study by Ralph et al. (2020) were estimated
by comparing the total scores before the switch (coded as HPQB
in the survey) with those since the switch (coded as HPQS in the
survey). Similarly, we estimated the frequency distributions from
Russo et al. (2021) by comparing the total ∆ Productivity scores
to 1 (according to the authors’ guidelines). The calculations lead
to reduction of the data points when division with zero values
occurred in the process. In Table 3, we provide a summary of the
translation of the scales.

To address our second research question (RQ2: What factors
predict changes in perceived productivity?), we synthesized the
findings from multiple data sources. First, we extracted the rea-
sons for lowered and increased productivity as reported in the
6

related studies, included in our analysis (Ralph et al., 2020; Ford
et al., 2020; Russo et al., 2021; Oliveira et al., 2020). Secondly,
we coded the free-text responses in the available case surveys
that explained the changes in perceived productivity, which we
labeled positive and negative changes with respect to the WFH
situation compared to the pre-COVID one. This included the anal-
ysis of 445 free-text comments from NorBank, SavingsBank 1 and
2 and NorIT 1 and 2. Similar coding of the reasons for lowered
and increased productivity was performed for the GlobCo and
SavingsBank cases using the transcripts of interviews (eleven
interviews in GlobCo and seven interviews in SavingsBank). The
following codes exemplifies our coding process: ‘‘More difficult
to take the quick informal conversations with colleagues - es-
pecially across teams and departments’’ was coded as ‘‘Greater
difficulty communicating with peers’’; ‘‘Better concentration - no
disturbances’’ coded as ‘‘Fewer interruptions from colleagues’’;
‘‘Less stress around delivery and picking up my kids in the kinder-
garten’’ was coded as ‘‘Better work-life-balance’’ and ‘‘Less stress’’.
Finally, we grouped the emerging codes into four higher level
categories, including Emotional issues factors, Organization of
work and time, Home office environment and equipment, Team
and work processes and collaboration (see Tables 4 and 5 for
the summary of all resulting codes and categories). We used
the coded excerpts from the interviews and survey responses as
quotes to illustrate the factors described in Section 4.2.

3.4. Validity of the results

Our results, namely the changes in perceived productivity and
the list of explaining factors, are subjects to validity threats. In
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Fig. 1. Perceived productivity distributions in the empirical cases and related survey studies sorted chronologically. Note: due to the differences in the times considered
in the survey, survey instruments and samples the results cannot be used for direct comparison.
Table 4
Barriers to perceived productivity.
Barriers Studies GlobCo NorBank SavingsBank NorIT1

Emotional factors

Blurred work-life balance (Ford et al., 2020) X X X X
Lack of positive peer pressure/stimulus X X X
Isolation X X X X
Boredom (Russo et al., 2021) X X X X
Disaster preparednessa (Ralph et al., 2020) X
Emotional issues, pandemic-related fearsa (Ralph et al., 2020; Oliveira et al., 2020) X X X

Organization of work and time

Distractions, difficulties to focus (Russo et al., 2021; Oliveira et al., 2020) X X X
Interruptions from family members (Ford et al., 2020; Oliveira et al., 2020) X X X X
Increased number of meetings X X X X
More exhausting meetings X X X X

Home office environment and equipment

Poor home office ergonomics (Ralph et al., 2020) X X X
Poor workspace equipment (Ford et al., 2020; Oliveira et al., 2020) X X X
Connectivity problems (Ford et al., 2020; Oliveira et al., 2020) X X
Unavailability of all resources and tools (Oliveira et al., 2020) X X X

Teamwork and collaboration

Greater difficulty communicating with peers (Ford et al., 2020; Oliveira et al., 2020) X X
Socialization decrease in the team (Oliveira et al., 2020) X X X X
Not matching working hours in the team
Poor awareness of what is going on X X X X
Greater difficulty to run brainstorming sessions X X X X
Greater difficulty to run problem solving sess. X X X X
Loosening social ties across the organization X X X X
Greater difficulty to grow a contact network X X X X

aBarriers directly related to the pandemic.
the following, we describe the factors that impact the reliability
and generalizability of our results.

Validity of the survey results: Our study is descriptive in nature
nd the purpose of our summary is to illustrate the variability in
he results of individual surveys (Fig. 1). The studies included in
ur analysis are performed at different points in times using dif-
erent survey instruments based on samples drawn from different
7

populations and can therefore not be used for direct comparison.
The reliability of the results of each individual survey, in their
turn, highly depends on the survey instrument. The fact that
we used data collected through both Likert and non-Likert scale
instruments, is therefore one of the validity threats in our study.

Belonging to the toolbox of survey research, assessment of
self-reported productivity requires rigorous design and validation
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able 5
rivers of perceived productivity.
Drivers Studies GlobCo NorBank SavingsBank NorIT1

Emotional factors

Better work-life balance (Ford et al., 2020) X X X X
Less stress (Oliveira et al., 2020) X X X

Organization of work and time

Better focus time (Ford et al., 2020) X X X X
Fewer interruptions from colleagues (Ford et al., 2020; Oliveira et al., 2020) X X X X
Shorter meetings X X X
More efficient meetings (Ford et al., 2020) X X X X
Increased flexibility for planning the work hours (Ford et al., 2020) X X X X
Less time spent on commuting (Oliveira et al., 2020) X X X X
Less time spent on communication with managers X X X

Home office environment and equipment

Better/more comfortable work environment (Ford et al., 2020; Oliveira et al., 2020) X X X X

Teamwork and collaboration

Increased accessibility of peers, especially in
teams distributed before the pandemic

X X X X
of the questionnaires (Molléri et al., 2020). We thus start by
bringing forward the differences in operationalizing the survey
instruments to study the perceived productivity of software en-
gineers as a potential validity threat in our study. All surveys
assessing perceived productivity with a single Likert-scale item,
as in Ford et al. (2020), Oliveira et al. (2020) and all our own cases
report the trend that productivity did not change or improved.
Yet, approaching perceived productivity measurement with the
Likert-scale approach is potentially less reliable comparing to
applying more complex measures such as the ones in Ralph
et al. (2020), Russo et al. (2021). The results from Ralph et al.
(2020) and Russo et al. (2021) are evidently most distinct (see
Fig. 1) with half of the respondents reporting being negatively
impacted. Ralph et al. (2020) used the modified WHO’s Health
at Work Performance Questionnaire that computes a perceived
productivity score based on a series of questions. Interestingly,
the use of the traditional version of the WHO instrument (without
any further changes) has been regarded as unfit for the purpose
by Russo et al. (2021) who state that knowing other workers
productivity (which is used for comparison with own produc-
tivity) might be problematic when working remotely. In their
turn, Russo et al. (2021) have measured productivity relative to
the expected productivity by contrasting productivity in the past
week with the participant’s expected productivity level before
the lockdown with response options on a bipolar slider measure.
The authors reported the test-retest reliability of their instrument
to be good. Although the results are not much different from
those in the studies using the 3-, 4- or 5-point Likert scales,
the mentioned studies based on a more advanced measurement
report a much lower number of respondents reporting the same
perception of productivity (i.e., no changes) than found in the
studies using a Likert-scale. This is understandable, because the
distance between ‘‘the same’’ and ‘‘decreased’’ or ‘‘increased’’ on a
Likert-scale might be perceived larger than the distance between
1 (the same) and 1,05 or 0.95.

The validity of the self-assessed productivity by responding to
Likert-scale item has been questioned before also by pointing
ut that the respondents, when asked to rate their productivity
rom very unsatisfied to very satisfied, most participants will typ-
cally report good (satisfied) or neutral productivity (Meyer et al.,
014). Likert-scale surveys included in our analysis might suffer
rom this bias, since most of them demonstrate bias towards
he neutral and positive responses, except for Ford et al. (2020)
ho found that a larger group of 38% reported being negatively
ffected in their second survey.

alidity of the predictors of productivity: Tables 4 and 5 list

he factors predicting changes in perceived productivity based on

8

the qualitative analysis of the interviews, survey comments from
the industrial cases and the articles reporting the related surveys.
The qualitative analysis results could be subject to researcher
bias. To mitigate this threat, several researchers have been in-
volved in each case. First, two researchers were involved in each
interview. Second, two researchers were involved in the data
analysis — one performed the coding, and the other validated
the emerging list of factors from the case. Finally, we do not claim
that the resulting list of factors predicting changes in perceived
productivity is exhaustive. While the factor categories identified
in the cases of GlobCo, NorBank, SavingsBank and NorIT have
been saturated and confirmed by all four cases (see the factors
unique to our cases in Tables 4 and 5), adding new company cases
with differing characteristics might lead to new factors. However,
we believe that the factors are representative for at least NorBank,
SavingsBank and NorIT, in which we have analyzed large samples
of responses’’.

Generalizability of the findings: One important question when
it comes to the validity of the research results is whether they
are applicable in, i.e., generalizable to other contexts and sit-
uations. In our researcher, this concerns the ability to predict
the perceived productivity of software engineers working from
home in a given company based on our findings. Although the
cumulative number of data points in our research is high, the
survey responses show a large variation of experiences and the
diverse nature of the included surveys does not allow for statisti-
cal generalizability, leaving us with a possibility to only perform
analytical generalizability. The list of the factors (in Tables 4 and
5) can help predicting the changes in perceived productivity.
However, our findings are biased by the time when the surveys
were executed, by the locations of the survey respondents and
by the pandemic situations/conditions in the given time and
location. With respect to time, our findings are likely to be bi-
ased towards the experiences from the first three months of the
pandemic. With respect to geographic locations, the surveys in
our study include both single-company single-region surveys and
surveys from diverse multi-country samples (41 and 53 country
representatives). This is likely to increase the generalizability of
our results. However, to predict the changes in perceived produc-
tivity in a particular geographic location, one needs to consider
the particular lockdown measures and that people from different
cultural environments might differently react to the crisis, to
sharing of household and parenting duties, to connecting to the
internet from home or to working in solitude. When comparing
the trends in perceived productivity, we notice the datasets that
we collected from the Scandinavian companies (from Norway
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nd Sweden) appear to report the most positive experiences
omparing to studies performed in the USA and Brazil. This could
e attributed to the organizational culture of trust, autonomy and
elf-management routed in extensive experiences with agile ways
f working (Smite et al., 2021b), as opposed to more traditional
anagement of control in USA and Brazil, or the relatively relaxed

ockdown measures and early reopening of the society. However,
ore research is needed to determine the true reasons.

. Results

.1. Changes in perceived productivity (RQ1)

Fig. 1 summarizes the evidence from the thirteen surveys on
he state of the changes in perceived productivity of software
ngineers while working from home during the COVID-19 pan-
emic. The data behind the summary comes from the total of
686 data points from the six corporate surveys ran in our case
ompanies (1187 respondents in total, min 18 in NorIT 2 and max
58 in GlobCo) and the seven related survey studies (Ralph et al.,
020; Ford et al., 2020; Russo et al., 2021; Oliveira et al., 2020)
6499 respondents in total, min 182 in the second wave of Russo
t al. (2021), and max 2265 in the second wave of Ford et al.
2020)). The main findings based on the analysis of the data are
wofold: all surveys are dichotomous and latter surveys report
ore optimistic results than the surveys conducted in the early
onths of the pandemic.

ichotomous trends: Among the 13 surveys we find those re-
orting half of respondents negatively affected (Ralph et al., 2020;
usso et al., 2021) and surveys that report predominantly no
hange or positive affect of WFH on perceived productivity (Ford
t al., 2020; Oliveira et al., 2020 and all our company surveys).

o changes in productivity: The results show that relatively
any employees in ten out of 13 datasets reported no changes

38%–52%).

egative changes in productivity: The groups of negatively af-
ected developers range from 11% in the second wave of NorIT to
1% in the study by Ralph et al. (2020). The studies reporting the
ost pessimistic results include the surveys by Russo et al. (2021)
nd Ralph et al. (2020), whose data indicates that around half of
he respondents experience a decline in perceived productivity
50% in the first wave and 46% in the second wave in Russo
t al. (2021) and 51% in Ralph et al. (2020)). The amount of
egatively affected respondents in all six corporate case surveys
as not high. Roughly every fifth respondent in SavingsBank 1
21%), NorBank (19%) and GlobCo (17%) as well as roughly every
enth employee in NorIT 1 (12%), NorIT 2 (11%) and SavingsBank
(12%) reported that their productivity was lower than normal.

ositive changes in productivity: Considerably many employees
ave reported an increase in productivity (ranging between 24%
n the first wave of Oliveira et al. (2020) to 50% in the second
ave of SavingsBank). Further, several studies have performed
wo-wave analysis of the changes in perceived productivity (Ford
t al., 2020; Russo et al., 2021; Oliveira et al., 2020), and our
wo cases — SavingsBank and NorIT. In all longitudinal studies,
he second wave responses were more positive than those in the
irst wave. The positive changes over the course of the pandemic
re also consonant with our findings from studying remote pair
rogramming during WFH, in which we found that pairing from
lmost an extinct practice in the first months of the work from
ome, became increasingly practiced in early 2021 (Smite et al.,
021a).
Evidently, the corporate case company surveys emerge as a

lock of studies with a more optimistic results, while the varia-
ion in responses across the published surveys is larger and they
9

do not report the same positive trend. But the results might be
also attributed to the time of inquiry.

Changes over time: To see the perceived productivity trends over
time, we sorted the surveys in Fig. 1 chronologically. The time
when each survey was executed is marked on the timeline in the
right side of the figure. Evidently, time seems to be an important
predictor, as the surveys at the bottom of the page (later months
of the pandemic) tend to be more positive than those on the top
(early months of the pandemic). We also find that subsequent
runs of the surveys in all cases report improved perceptions of
productivity, which is perhaps the most interesting finding. The
positive changes over time were also emphasized by our intervie-
wees and in the free-text survey responses. These changes varied
from those relating to the changing lockdown measures to those
relating to the adjustments that people and organizations have
made over time. For example, in Norway schools reopened after
the strict spring lockdown in 2020 and the experiences in the
first few months were drastically different from the later ones.
Significant improvements have been also made by many in the
home office equipment. As someone from GlobCo explained the
effect of the reimbursement bonus introduced in the beginning
of October 2020: ‘‘Earlier I was sitting in the kitchen and, you
know, a kitchen table is not the best work area for sure. That
has improved’’. Similarly, the distributed collaboration tools and
familiarity with those were said to considerably improve few
months into the working from home mode. In fact, in some
companies like SavingsBank approval of the new tools took a
while. As an interviewee from SavingsBank explained: ‘‘We have
increased our competence when it comes to digital collaboration,
getting new tools also improved my productivity’’. Participants from
NorBank also mentioned the exceptional change in the meeting
frequency in the early months of the pandemic, which has re-
turned to the norm after some time, as someone explained: ‘‘After
a couple of weeks the meeting frequency increased significantly, but
it calmed down after a while’’. Many interviewees also commented
on the way teams have experimented and adjusted their ways
of working, someone even referred to this painful period as a
‘‘rollercoaster’’. Many interviewees from GlobCo and SavingsBank
mentioned improving their ways of working, restructuring the
daily routines and ceremonies, and improving the meeting cul-
ture both in terms of communication and preparations. As two
representatives from GlobCo explained: ‘‘We set up some action
points to improve what people did not like about the current sit-
uation’’ and ‘‘That’s all been an ongoing conversation ever since
March – [. . . ] how we collaborate to make it better. I would say we
talk about that a lot. All the time’’. All these adjustments might
explain why perceptions of productivity in the later months tends
to be more optimistic than in the early months of the pandemic,
especially when comparing the number of respondents reporting
negative changes.

4.2. Factors affecting perceived productivity (RQ2)

Table 4 and Table 5 summarize the factors that predicted the
changes in perceived productivity. The analysis is based on the
associations reported in related studies and our own qualitative
analysis of the case survey free-text responses that explain the
changes in perceived productivity.

Reasons for productivity decrease: The authors of the studies
showing the most pessimistic productivity change do not report
the perceived productivity but study the variables that explain
the variance in well-being and productivity. Russo et al. suggest
that stress predicted negative well-being, while boredom and
distractions predicted negative productivity (Russo et al., 2021),

while Ralph et al. found that the pandemic has had a negative
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ffect on developers’ wellbeing and productivity due to disaster
reparedness, fear related to the pandemic and home office er-
onomics (Ralph et al., 2020). Another interesting aspect of these
tudies is that they both operationalize the perceived productivity
easure differently than the other studies. The values in both
urvey instruments seem to be biased towards either decline
r increase and are less sensitive to those whose productivity
s about the same. The explanations for why the productivity
ecreased in the other studies include emotional issues related
o COVID-19 (Oliveira et al., 2020), difficulties to focus (Oliveira
t al., 2020), interruptions from family members (Ford et al.,
020; Oliveira et al., 2020), connectivity problems (Ford et al.,
020; Oliveira et al., 2020) and poor workspace equipment (Ford
t al., 2020; Oliveira et al., 2020), not matching working hours
n the team (Oliveira et al., 2020), unavailability of all resources
Oliveira et al., 2020) and a greater difficulty communicating with
eople (Ford et al., 2020; Oliveira et al., 2020).
Similarly, respondents from the case companies shared their

houghts about the feeling of isolation, boredom and fears related
o the pandemic. Work from home was said to fail to provide the
o needed energy, as an engineer from GlobCo explained: ‘‘It’s a
it boring to be home . . . It’s a different environment, of course, when
ou’re in the office and some of the noises,.. it’s like energy – in the
ay people laugh in the corridor and offices next door and so on.
hat gives some energy, I guess, as well.’’ Further, we learned that
timulus and motivation to work were also negatively impacted
y the blurred work-life balance and the lack of positive peer
ressure when working from home. As another engineer from
lobCo explained: ‘‘I’m working by myself now in silence here. So
t’s like, . . . you don’t get the same stimulus as you usually would,
nd I think that’s not ideal. I think that [positive peer pressure]
elps a lot.’’ With respect to work and time organization, we
ound that working from home is associated with distractions
nd interruptions from family members, especially in families
ith children on home schooling. In NorBank, participants also
omplained about increased workload combined with lower effi-
iency. A developer commented: "Everything is more difficult. Must
ork more, but complete less, but in practice same requirements, as
efore’’. Increased number of meetings and worse understanding
f what is going on in the team were also reported by those
ho complained about the decreased productivity. As some-
ne from SavingsBank reported –‘‘With so many team meetings,
ou do not have time to produce anything’’. For others, it was
ot about the number of meetings as much as the exhaustion
rom running meetings virtually. Many respondents from Norway
nd interviewees from GlobCo revealed that employees have
een challenged by technical problems, such as connectivity and
andwidth, especially in the beginning of the WFH. Negatively
ffected respondents from SavingsBank and NorIT further com-
lained about a lack of information and awareness of what is
oing on, and a lack of socialization with colleagues. Interestingly,
s much as engineers enjoyed the focused time and the lack
f interruptions from the peers, we received numerous com-
laints about the negative impact of not overhearing the office
onversations. Those suffering the most were teams that were
sed to highly collaborative work style. These teams required
onsiderable time for adjustment. As a manager from GlobCo
xplained, ‘‘I think that now the teams have adapted to this way
f working. OK. . . now I feel that it’s not a blocker for them. [. . . ]
hat it works pretty good for many of the teams’’. Further, running
essions with open content, such as brainstorming sessions and
roblem-solving sessions, was mentioned to be more challeng-
ng and to require more time due to the lack of accustomed
hiteboards, possibility to spontaneously connect to the needed
eople, and requiring considerably more time to prepare for.

solation from colleagues has also been reported to loosen the

10
ies with colleagues beyond the teammates, which means that
he information is not circulating in the same way as it did in
he office. Finally, an emerging vulnerable group in our study is
ecently onboarded individuals. As an engineer from SavingsBank
xplains that he is significantly less productive: ‘‘Because I cannot
bserve what others do and have not learned any tasks I can do
ndependently’’, and another reports, ‘‘[I am] brand new to the job
nd need a lot of follow-ups’’. Similarly, a recent hire at GlobCo
xplains that getting help remotely requires more time: ‘‘There’s
ust a slight barrier compared to just asking a question out in the
oom. Then you have to maybe ping several people and it takes
onger time to get an answer as well, compared to just when you’re
itting in the same room with someone.’’

easons for productivity increase: The qualitative explanations
or why perceived productivity increases are similar across our
ources. Many respondents claim to have less stress (Oliveira
t al., 2020), less time to commute (Ford et al., 2020; Oliveira
t al., 2020), better focus time (Ford et al., 2020), fewer inter-
uptions (Ford et al., 2020; Oliveira et al., 2020), more time to
omplete work (Ford et al., 2020), more efficient meetings (Ford
t al., 2020), better/more comfortable work environment (Ford
t al., 2020; Oliveira et al., 2020), better work life balance (Ford
t al., 2020). Many people we interviewed were surprised to
eliver good results despite the sudden shift from the office to the
FH setup. A developer from NorBank expressed: "Didn’t expect

to function so well at the home office. The team functioned from
day one, and we delivered good results’’. The benefits reported in
our case companies include an increased ability to focus, fewer
distractions, increased flexibility to organize ones work hours,
less time spent on commuting, as well as more efficient and
shorter meetings mentioned by many respondents in all com-
panies. A participant from NorIT commented: "I have more free
time saving about two hours driving time to/from work’’. Another
participant from NorIT was also satisfied with the efficiency and
availability of the colleagues: "I think I work more effectively. Use
less time between the meetings. It seems that those I depend on for
completing the job, became more available’’. In all our Norwegian
case companies many have moved to having 25 min or 50 min
long meetings instead of 30 min and 60 min. People who are
more productive also reported having more control over their
schedule. As one from SavingsBank wrote: ‘‘There are two things
that decrease efficiency [at the work office]: a lot of noise in the
open landscape, and frequent interruptions from people. At the home
office, I can largely decide when I will be available’’. The reopening
of schools, i.e., kids not being around was also frequently men-
tioned as a prerequisite for being efficient when working from
home. Finally, respondents from Norway reported spending less
time communicating with managers when comparing with the
office times, when managers could closely supervise members of
their teams.

Interesting in our study was that even people who reported
increased productivity were still dissatisfied with other aspects of
working from home (e.g., having distractions from kids at home
or a lack of contact with colleagues). This highlights that high
productivity in the home-office does not always coincide with the
satisfaction with WFH.

Respondents reporting no change: Interestingly, we found that
the drivers and barriers to productivity while working from home
can have a canceling effect as a respondent from SavingsBank
noted: ‘‘It depends on what task you are doing. Some tasks are easier
to do because you are less interrupted, but some take longer time if
you are solving complex problems with others’’. As a result, there
were groups of engineers who perceived their productivity to be

comparable with the pre-pandemic productivity in the office.
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. Discussion

In this paper, we have presented our findings from summa-
izing six corporate surveys in four case companies and seven
urveys reported by other authors diving into the changes of per-
eived productivity when moving from the office work to work
rom home during the COVID-19 pandemic. Combining the results
f 7686 data points we learned that there are developers who re-
ort being more productive, developers being less productive and
hose maintaining their usual productivity when working from
ome. The decreased productivity when moving from collocated
o fully distributed setup is not that surprising. Distributed work
s infamous for being considerably less productive than collocated
ork due to impaired teamwork (Herbsleb and Mockus, 2003).
hat is in fact surprising, is that some WFH developers perceive
eing more productive. Understanding the latter is therefore im-
ortant for the future of telework. Furthermore, we evidenced
ositive trends in the later months of the pandemic with regards
o the fewer complains of decreased productivity, supported by
he reports of numerous adjustments in the way remote work
s carried out from home. In this section, we discuss the key
mplications of our findings for the future and important research
opics as the companies transit to the post-COVID permanent
emote-work or hybrid home/office policies. We then discuss the
alidity of our findings and try to understand why some surveys
onvey a more pessimistic view of the WFH while others convey
more optimistic view.

.1. Expectations for the post-pandemic future

In Tables 4 and 5, we summarized the factors that predicted or
xplained the changes in perceived productivity in the included
urveys as productivity barriers and drivers. These include factors
rouped into the categories of Emotional issues, Organization
f work and time, Home office environment and equipment,
eamwork and work processes, and Commuting to work.
The first evident reflection is that the number of barriers

these are 22, see Table 4) is twice as high as the number of
rivers (these are 11, see Table 5). Yet, combining these findings
ith the overall perceived productivity changes from the surveys
uggests that the impact of the drivers might be much more
rofound that the listed challenges. Alternatively, items on both
ides might have a canceling effect, in case they are experienced
y the same people.
Deeper analysis shows that productivity barriers mainly con-

ern the emotional issues and team and work processes, while
he drivers relate to the organization of work from home. The
ost common barriers included emotional issues and pandemic-

elated fears, distractions and interruptions, poor workplace equip
ent and ergonomics, and teamwork-related issues such as so-
ialization decrease, poor awareness of what is going on, greater
ifficulty to communicate with peers, grow a contact network
r run brainstorming and problem-solving sessions. Among the
ost common benefits of working from home were better work-

ife balance, fewer interruptions from colleagues, better focus
ime, more time to complete work and increased flexibility in
lanning the work hours, as well as more efficient meetings
nd less time spent on commuting and communicating with the
anagement.
Interestingly, similarly to the perceived productivity results

hat demonstrate polarity of experiences, some of the issues
ncluded in the barriers and drivers are contradictory. This means
hat what one considers a benefit, for another might be a barrier.
or example, some complained about the difficulties to focus
Russo et al., 2021; Oliveira et al., 2020), while others reported
better focus time when working from home (Ford et al., 2020,
11
GlobCo, NorBank, SavingsBank, NorIT). This highlights once again
the fact that the work from home mode is not for everybody.

The next important question relates to whether the identified
factors can be attributed to the actual working from home or to
pandemic circumstances. Our analysis shows that a few barriers
can be attributed to the pandemic — Disaster preparedness and
Emotional issues, pandemic-related fears (see Table 4), while
most factors are related to working from home. Evidently, none
of the drivers of perceived productivity are attributed to the
pandemic. This means that in the likely post-pandemic scenario,
in which people will continue working from home, there will be
fewer barriers while drivers will remain the same.

We also see positive trends over time — there are fewer nega-
tively impacted respondents in the later months of the pandemic.
Many of the factors reported as barriers to productivity have been
also in the focus of experimentation and improvement initiatives.
This means that the impact of these barriers might have been
more profound in the early months.

At the same time, it is important to note that the surveys
included in our research are conducted within the first 13 months
of working from home and the long-term effects of some of the
barriers, such as the loosening ties which is compared to the
melting iceberg of relationships (Clear, 2021), might not have
yet surfaced. Table 4 exemplifies the barriers associated with
decreased teamwork and networking the true long-term effects of
which shall be monitored, including a greater difficulty communi-
cating with people or growing a contact network, poor awareness
of what is going on, loosening social ties across the organization,
and decreased socialization in the team.

Notably, some of the barriers and drivers that we found have
been studied before. For example, earlier studies included in the
state-of-the-art of telework by Fløvik et al. (2021) suggest that the
balance between work and leisure was found to be a challenge for
those working from home, while job overall productivity and job
satisfaction tended to benefit from the home environment. Our
findings provide further details about the problems and benefits
associated with working remotely from home, and perhaps more
clearly demonstrate the polarity of experiences.

5.2. Future research agenda

In our study, we identified several important research direc-
tions.

First, it is paramount to better understand the different groups
of engineers or teams that either benefit or are hindered by
the work from home. We suggest analyzing the productivity in
different contexts. Our study pointed to the possible differences
in the WFH experiences based on the geographical locations, but
more research is needed to better understand the differences
with respect to locations (e.g., larger cities with longer commute
times versus smaller towns), and national and organizational
cultural impacts. Other related surveys have highlighted the vul-
nerability of different gender groups, people with disabilities and
groups with varying family conditions (Ralph et al., 2020). Other
context factors such as the nature of tasks (routine work versus
complex or innovative tasks), learning opportunities, levels of
interdependence and coordination needs, leadership styles and
many others could also contribute to the success or failure of for
remote work. More research is needed to understand which of
these contexts are favorable and which are unfavorable for WFH
to inform the future remote work policies.

Second, we suggest exploring the circumstances that destine
the same characteristics of the working from home to play in ad-
vantage or disadvantage under the work-from-home conditions.
In particular, a better understanding of the work-life balance,
focus and virtual meetings is needed.



D. Smite, A. Tkalich, N.B. Moe et al. The Journal of Systems & Software 186 (2022) 111197

w
w

w
e
2

i
t
o
t

5

r
t
e
a
a
t
t
i
r
f
f

v
f
a
w
f
w
d
l
a
w
r
f
d

f
f
m
h
a
e
p
t
l
b
w
s
o
2
o
p

c
w
e
a
a
a
r
r

Third, our results identified a number of factors affecting
ell-being and mental health of individuals working from home,
hich, in our opinion, deserve extra attention.
Fourth, we believe that it is crucial to continue monitoring the

ork from home experiences to better understand the long-term
ffects of remote work that might not have yet surfaced (Clear,
021).
Finally, in the light of different future work policies, it is

mportant to dedicate research efforts into the understanding of
he impact of hybrid work practices (working partially in the
ffice and partially from home) on well-being, productivity, and
eamwork.

.3. Implications for practice

The key implications of our findings are twofold. Overall, our
esults indicate that there is no reason to be concerned about
he productivity of software engineers working from home. Many
ngineers benefit from working from home, individual engineers
nd teams have managed to adjust their home environments
nd ways of working to the requirements of remote work, and
he number of negatively affected engineers has decreased over
ime. Yet, the factors summarized in Table 4 highlight important
ssues such as the negative impact of WFH on mental health and
elationships inside the team and across the organization. In the
ollowing, we put forward several recommendations emerging
rom our findings.

Individual employees seem to respond to home office situation
ery differently, depending on their personal characteristics, and
amily situation. For example, some report better work-life bal-
nce at the home office, while others report the opposite. Further,
e know little about the favorable and unfavorable circumstances

or remote work with respect to the nature of tasks (routine
ork/complex/innovative), levels of interdependence and coor-
ination needs, and organizational culture. Therefore, there will
ikely be no one-fits-all future work strategy. Yet, it is fair to
ssume that while some employees will rush into the office
hen the pandemic is over, there will be employees willing to
emain working fully or partially at home. Thus, we recommend
orming future work policies with respect to the needs of
ifferent individuals and groups.
Notably, working from home as reported in our study is in-

luenced by the disaster of the COVID-19 pandemic, while the
uture working from home is likely to be very different. One
ay therefore believe that in the absence of interruptions from
ome schooling children and pandemic fears we might evidence
further increase in productivity. Indeed, our findings show that
ngineers adopt to the new circumstances and report increased
roductivity 13 months into the pandemic when comparing with
he results from the early months. At the same time, the true
ong-term effects of remote teamwork and loosening ties is yet to
e understood (Clear, 2021). Besides, the identified emotional and
ell-being issues that are associated with remote work are worri-
ome and might signal about the possible mental health problems
r burnouts as also suggested in related studies (Forsgren et al.,
021). Thus, we recommend monitoring the long-term effects
f remote work, and experimenting and adjusting the work
olicies in response to the gained experience.
Finally, as the COVID-19 pandemic continues, we recommend

ompanies to urgently address the needs of those employees
ho struggle when working from home. Our results show that
mployees will benefit from improved home office ergonomics
nd equipment, and internet connectivity. Such issues are rel-
tively easy to address through the reimbursement programs,
s the ones described in the case companies. Similarly, we can
ecommend improving the meeting culture. There are also bar-
iers that are more challenging, such as distributed teamwork
12
and collaboration. A related study shows that companies that
had a strong collaborative culture coupled with rich tools sup-
porting remote work had a relatively easy transition to working
from home (Smite et al., 2021b). For other companies, we there-
fore recommend continuously supporting distributed collabo-
ration processes and tools, especially because remote work is
likely to stay even after the pandemic.

6. Conclusion

On the one hand, our findings confirm that software intensive
companies have moved rather smoothly into the WFH mode
during the COVID-19 pandemic and that on average, the or-
ganizational productivity has not significantly changed (Smite
et al., 2021b; Forsgren, 2020). On the other hand, and more
importantly, our analysis of individual productivity clearly shows
that there are sufficiently large groups of developers who report
being more productive, and groups of developers reporting being
less productive as also found in a commit-based productivity
study (Forsgren et al., 2021), meaning that on an individual level,
things have changed. We also evidenced that things changed over
time, as individual engineers and teams managed to adjust their
home environments and ways of working to the requirements of
remote work. And although ‘‘it depends’’ type of finding is not
very useful in predicting the changes in perceived productivity in
a random company, it is an important observation with important
practical implications. First, companies shall find ways to support
those developers who do not enjoy working from home and
teams that could not reach the satisfactory remote operation,
especially because the return to the normal operation appears to
be much slower than expected and the periods of forced WFH
might reappear periodically in the future. Second, it is fair to
assume that the likely future workplace after the world returns to
the normal operation, will include the elements of working-from-
home, as developers who have been highly productive might
want to continue working from home at least parttime. The
companies, therefore, shall be prepared to facilitate the hybrid
work environment in the future.

What we learned about pandemic programming by no means
is complete or reflects the normal work-from-home experience.
However, it gives hope that the positive factors and useful ad-
justments relating to the work-from-home are likely to be lasting
beyond the pandemic would the companies decide to grant their
employees with flexibility, while the issues of concern provide
sufficient ground to plan future research. Specifically, we empha-
size the importance of addressing the issues related to individual
well-being and mental health as well as issues associated with
remote teamwork and collaboration, whose direct impact might
not have yet surfaced.
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