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Abstract. This research investigates software engineering during the COVID-19 pandemic with a focus on
the lessons learned and predictions for future software engineering work. Four themes are explored: Remote
work, Team management, Work/Life balance, and Technology/Software Engineering Methods. Our
research has demonstrated that software companies will derive tangible benefits from supporting their
employees during this uncertain time through ergonomic home offices, listening to their concerns, as well
as encouraging breaks and hard stops to boost long term well-being and productivity. It shows that
communication and collaboration tools, critical to project success, have been utilised. The hiring of new
talent has been reimagined, with managers playing a vital role in the process. The insights gained are
significant as they will assuage some pre-existing concerns regarding remote work, creating a new
understanding of its role in the future. Looking to a post-COVID-19 future, we envision the rise of hybrid
software development working arrangements, with a focus on the Working-From-Home to Not-Working-
From-Home ratio - WFH : NWFH - perhaps colloquialised as Home : Not Home (HNH). For many this
ratio will be neither 100:0 or 0:100, the former would lead to team breakdowns, developer isolation,
difficulties onboarding and too many communication gaps, the latter would lead to disaffected employees.
We identify plausible future software engineering working arrangements, noting that there are challenging
times ahead for employers and employees as they navigate this HNH future, but there are benefits for both
parties in getting the balance right.

Key Words: Software Engineering, COVID-19, Working From Home (WFH), Not Working From Home
(NWFH), Home Not Home (HNH)

1 Introduction

On 30 January 2020, the World Health Organisation (WHO) declared Coronavirus Disease 2019 (COVID-19) a
global health emergency based on the growing number of cases worldwide [47]. As a result of the COVID-19
pandemic, governments worldwide imposed certain restrictions on their citizens [48], in many cases preventing
non-essential workers from attending their habitual workplaces, thereby catapulting large swathes of the
population into working from home (WFH) mode. While the rapid and widespread adoption of WFH regimes has
been highly disruptive, it also provides an opportunity to trial a different type of working pattern for many sectors,
and perhaps has accelerated the transition to remote working for certain types of employees. For some firms in
the software engineering sector, infrastructure and policies needed for WFH were in place prior to COVID-19,
therefore smoothing the transition to ‘stay-at-home’ policies [1]. But there are some key differences between
working from home on an ad hoc, part-time or semi-structured basis and having to work entirely from home, and
therefore even for firms with pre-existing WFH policies, their work practices will have required adaptation. We
must furthermore also acknowledge that WFH during non-pandemic times is acutely different to WFH during a
pandemic.

This research aims to examine the effects of COVID-19 on the software industry and understand what these effects
could mean for the future of work, through the exploration of four key themes: remote work, team management,
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work/life balance and supporting technologies. These themes encapsulate the following research questions that
will be considered:

RQ1: What have COVID-19 restrictions taught software engineering firms about WFH?

RQ2: How has software engineering team management changed throughout COVID-19 restrictions?

RQ3: How has the welfare of software professionals been affected by WFH during COVID-19 restrictions?
RQ4: What changes can be observed in development methods and technologies during COVID-19 restrictions?

Section 2 outlines the research methodology, with Section 3 proving an analysis of the related literature. Section
4 briefly discusses the know limitation. Section 5 contains concluding remarks, including a summary of the
findings and possible future software engineering work patterns.

2 Methodology

Research for this paper has been conducted in the form of a multivocal literature review [49] which incorporates
peer-reviewed publications (termed ‘white’ literature) and carefully selected non-peer-reviewed materials (termed
‘grey’ literature, e.g. government reports and moderated online blogs). Four key topics were identified: remote
work, team management, work/life balance, and development methods / supporting technology. Research papers
were found using digital repositories/search engines such as SpringerLink, ScienceDirect, IEEE Xplore and
Google Scholar. Search strings started out broad, including ‘software industry and COVID-19°, ‘software
engineers COVID-19’ and ‘software development and COVID-19’. After an initial reading of the documents
returned, search strings were further refined to a combination of the following; ‘software development and remote
work COVID-19’, ‘software engineering managing teams during COVID-19’, ‘effects of remote work COVID-
19°, ‘collaboration software engineering COVID-19’, ‘social interaction changes due to COVID-19 software
engineers’, ‘agile methodology during COVID-19’ and ‘changes in technology covid software companies’. A
cascading set of search strings were later employed as the research space came to be better understood.

2.1 Inclusion/Exclusion Criteria

Sources used in this research had to be available in full text online and in English. When researching white
literature, papers found with a relevant title were assessed and marked for further reading in a compiled reading
listed deemed directly relevant. These papers were ranked on reliability according to their number of citations,
though bit is understood that this alone is not a reliable means for quality differentiation. Researching grey
literature required more caution and only those that were deemed entirely relevant and reliable were included. For
example, publicly available articles from significant broadcast outlets, e.g. the BBC, were included. Exclusion
criteria included non-relevant papers, and materials whose content was not accessible in full format or in English
or whose provenance or authenticity could not be established. Table 1 outlines the breakdown of the white
literature incorporated in this research, showing that a total of 51 separate sources were considered for inclusion,
with this list later being reduced to 39 individual works based on the application of the inclusion/exclusion criteria.

3 Analysis

3.1 Remote Work

In response to COVID-19 related restrictions, many in the software engineering industry shifted to exclusively
WFH. In this section we examine the reported material on WFH during COVID-19 and answer RQ1: What have
COVID-19 restrictions taught software engineering firms about WFH?

3.1.1 Difference between Remote Work and WFH during COVID-19 restrictions

Since the established benefits of WFH may not entirely apply during COVID-19 restrictions [2], it is important to
distinguish between WFH in normal working times and WFH as a result of COVID-19 restrictions. Rather than



working in a fully provisioned and ergonomic home office, some workers have had to make do with makeshift
offices and the distractions of communal and family agents (it is not just an individual worker that is at home in
an otherwise quiet dwelling, all household occupants, including children, may be present in the dwelling) [3].
Stress, moving to an improvised and sub-optimal home office, and lack of childcare may reduce developer
productivity [3], it could result in developers being unavailable for regular team ceremonies during heretofore
regular work hours, for example while attending to home schooling. For some software developers, therefore,
WFH during COVID-19 restrictions might be a stressful and frustrating experience. Take for example a young
adult, still living at home with a guardian(s), and perhaps with other younger children in the household, with no
dedicated workspace and sharing a small bedroom; and perhaps even with family members or friends directly
affected by COVID-19. Workers with their own children may be committed to home-teaching for certain hours
of the day. These are not normal circumstances for productive software development. Other workers may be more
fortunate and may enjoy well-provisioned home offices that are well insulated from distraction. There is no single
characterisation that can be formed to describe all possible household arrangements during COVID-19
restrictions, the impositions in common in many nations are a restriction on movement outside the home (other
than for essential purposes) and the stress associated with an unfolding pandemic.

Table 1. White Literature Overview (R=Reviewed; C=Cited).

Source R|C Source R|C
SpringerLink 6 | 5 IEEE Xplore 3|1

arXiv 71|16 ACM Digital Library 2|1

NBER 3|2 IGI Global 1)1

SSRN 2 | 2 Empirical Software Engineering 111
International Journal of Software 111 British Journal of Industrial Relations 111

Engineering & Applications

Journal Of Management Studies 111 Annals of Operations Research 111
Journal Of Sustainability 2 |1 Journal of Diabetes & metabolic 111
syndrome

Journal of Innovation Management 110 Journal of Cleaner Production 111

Journal of Information Systems 110 SHS Web of Conferences 1)1
Management

European Journal of Information Systems | 1 | 1 Public Administration Review 1)1

Journal of Organisational Computing &E- | 1 | 0 Innovative Technologies & Scientific 1)1

Commerce Solutions for Industries

International Journal of Information 2 | 2 Journal of Organisational Behavior 111
Management

Business & Information Systems 111 Gender, Work & Organisation 111
Engineering

Journal Of Applied Psychology 110 Human Relations 111

Journal Of Management Research 110 Journal of VVocational Behavior 111




New Technology, Work and Employment | 1 | 1 Emerging Infectious Diseases 111

3.1.2 Lessons Learned from Remote Work

Before COVID-19, some managers were sceptical about WFH due to worries concerning reduced developer focus,
productivity decline and team cohesiveness [4]. However, COVID-19 impositions forced managers to tackle these
fears as opposed to using them to insist on a traditional workplace location [5]. Studies show that WFH helped
maintain operational capacity during COVID-19 when workplaces were inaccessible [6], with some suggestion
that developer work output showed little change when working in an office or WFH [5]. These findings also show
that WFH did not affect how developers dedicated their time to work tasks, and up to this point, there has been no
reported significant change in performance as measured by lines of code and commits, except for in cases where
an increase has been observed [7]. Moving to a partial or full WFH paradigm might place an emphasis on work
output rather than hours of work. While no direct evidence was found in support of it, it could also be the case
that reduced attrition levels and increased flexibility in annual leave postponement have resulted in a temporary
rise in productivity, however, as the COVID-19 pandemic recedes, both of these effects will return and perhaps
even increase slightly for a period (with a corresponding reduction in productivity).

Perceived productivity levels differed among developers when WFH, the majority of developers reporting that
their productivity had not changed or had even increased, while a minority believed their productivity had
decreased [8]. However, this decrease in productivity was more prevalent at the start of the transition to WFH and
after a longer period, the productivity levels of the minority were reported to increase again [8]. It is tempting to
conclude that reported decreases in productivity are temporary and the result of the initial transition to WFH, but
caution is advised when interpreting the data at this point as data is limited, forced WFH arrangements are as-of-
yet relatively novel, and the pandemic is still unfolding. Increases in work conflict and work pressure have also
been reported during this novel period [9], and developers’ work has been reported as intruding into home lives
through longer working hours, thinking about work during free time and in some cases, leading to exhaustion
[10]. Despite these downsides, some developers have reported an increased level of focus and a greater sense of
“being in the flow” when WFH [7], resulting in improved problem-solving capabilities and code production.

As a result of WFH during COVID-19, the importance of ergonomic home offices has been observed, with those
with more ergonomic home offices reporting greater well-being and increased productivity [3]. Developers with
young children reported increased noise levels leading to distraction, while developers living alone tended to have
superior ergonomic arrangements in place [3]. Additionally, access to remote desktops and internet bandwidth
were one of the biggest challenges that developers faced during COVID-19 restrictions [8]. Therefore, software
companies which supported their developers in establishing more ergonomic offices (through chairs, noise-
cancelling headsets etc.), better internet access and hardware (additional monitors, more powerful machines etc.)
increased the productivity and well-being of their workers [3].

Some significant additional positives are also reported by developers WFH during COVID-19 restrictions,
including much less time commuting to work with associated stress reduction, improved sleep, and increased time
in the company of their families [8], which for some, may have boosted morale and quality of work. On the initial
transition to WFH, some developers started working earlier in the morning as a result of having no work commute
but also worked later in the evenings, leading, in some cases, to burnout [7]. This underpins the need to consider
imposing ‘hard-stops’ and logging-off time, and if WFH is to become a longer-term arrangement, such measures
will ultimately be instrumental in sustaining a healthy, productive and happy workforce. Perhaps simple measures
such as email batching/scheduling during certain hours (and for certain employees) can assist with this agenda.
Whilst some employers might think such steps counter-intuitive, most businesses aspire to long term success and
in the knowledge worker-driven software sector, this requires the retention of productive employees over the
longer term.

3.1.3 Future Predictions concerning Remote Work



Predicting the future is a perilous and fragile pursuit, but it is essential that we do so in order that software
developers and development firms can prepare for future working arrangements. It seems that the trend towards
WHFH (that was already a feature of the technology sector) has received an abrupt acceleration, perhaps bordering
on a sudden transformation, with a Gartner CFO survey reporting that 74% of companies intend to shift some
employees to permanent remote work after COVID-19 [11]. It is reported that Twitter has announced to its staff
that they can continue WFH permanently [12], whilst 89% of employees based in New Zealand would like to
continue WFH after COVID-19 [13]. Major software companies such as Microsoft, AirBnB and Facebook
informed their employees that they could WFH indefinitely or extend the WFH policies providing specific support
[14]. Therefore, we see an increasingly positive attitude towards WFH in the future with COVID-19 restrictions
accelerating the rise in flexible work arrangements and WFH [1]. Future arrangements are perhaps best described
as “work will become something you do, not a place you go” [15].

Flexible work arrangements, including the facility to work remotely, are reported to be an important means to
balance work and life commitments [9]. A future dominated by WFH has implications for demand for expensive
city-based real estate and office space. Major tech regions in the US such as San Francisco are hampered by high
housing rent and the move to WFH could allow developers to continue to work in these technological focal points
while avoiding high rental costs, thereby increasing their disposable income [16]. However, some companies may
follow Facebook’s path of adjusting compensation to the cost of living in the employee’s location [17]. There
remains a lot of uncertainty regarding these future arrangements, high quality software developers are often in
short supply, difficult to attract and retain, and therefore companies will need to be careful in the financial
treatment of their employees. Companies can expect savings in reduced physical office outlay costs, they can
aspire to healthy productivity levels (as note in the earlier commentary), but they currently must operate in an
expansionary technology sector where talent supply lags talent demand.

The success of WFH during COVID-19 is largely due to fully distributed teams created out of necessity. Once
workplaces reopen, it is likely only part of these teams will opt to WFH while others prefer to work in the office,
therefore resulting in partially distributed teams. This could negate some of the benefits of WFH especially in
terms of communication, personal recognition and socialisation [7]. We further postulate that there could be an
age divide in WFH predilection, where youthful and single workers might prefer city settings with all the
entertainment and social engagement opportunities they offer, whilst older developers with (or without) families
might opt for greater living space and generally more tranquil living. Although these observations might initially
amuse some readers, they could result in significant organisational challenges for some companies. This research,
and discussions associated with it, suggest that a complex cocktail of factors will need to considered by firms in
designing blended WFH policies. For example, an increased duration of employment in a firm may reduce the
basic need to be physically present in an office, while increased commuting distance and duration might increase
the attractiveness of predominately WFH.

3.2 Team Management

Changing work patterns in response to COVID-19 related restrictions might be expected to coincide with changing
work management practices. In this section we examine the reported material on WFH during COVID-19 and
answer RQ2: How has software engineering team management changed throughout COVID-19 restrictions?

3.2.1 Management of Teams

The resilience of software managers has witnessed significant challenge since the introduction of COVID-19
restrictions, they have had to overcome their own personal life upheaval and at the same time step up and lead
their teams with confidence and maintain developer motivation [18]. The well proven disciplines of managing by
casual observation and ad hoc intervention to encourage and provide feedback were no longer viable when WFH
[7]. Instead, managers relied on more structured, scheduled connections with meetings taking place over video
conferencing. Project management and reporting practices which served them well in the pre-COVID-19 work
environment needed to be tailored for the new reality of a massively dispersed team, with techniques like daily



stand-ups and other formal checkpoints proving popular for discussing task progress and obstacles [19].
Opportunities for informal progress reports that would traditionally present at lunch or in the corridor or at the
coffee dock are eliminated if WFH, and therefore managers and their staff alike will need to identify replacement
mechanisms for this vital communication, and this could result in more formalised and regular virtual update
sessions. For some companies, moving daily stand-ups online can help reduce this communication gap.

Just as the impact from individual home working environments was highly varied, so too is the impact on
managers depending on their pre-existing project and team circumstances. Setting up a new project introduces
different risks and tasks when compared with the continued operation of an up-and-running project, and other
factors such as pre-existing team working arrangements can impact greatly. For example, managers in
organisations with established distributed software engineering and WFH practices avoided the time and effort
involved in establishing secure, stable remote access to services and data, designing and implementing distributed
software engineering processes and educating teams in the new ways of working [8]. Moreover, managers new to
WEFH practices were likely to have doubts that their team members were WFH effectively or even lacked the
motivation to work in the face of the additional challenges of WFH during COVID-19 [7].

Initiating new projects, and especially new teams, traditionally involves high levels of personal interaction as
teams work through the forming-storming-norming-performing stages of group development [20]. And new teams
faced with challenging new projects might benefit from co-located interaction: despite the abundance of tools
available for remote brainstorming and problem solving, it is reported to be much more difficult to initiate new
ideas without in-person interaction [7]. Scrum masters and Team leaders might now have to schedule informal
events into the working day/week to create a sense of spirit and engender the team culture. This may be via team
coffee mornings or kick off meetings with a few minutes of catchup to mitigate the effect of the constant online
meeting grind. This important aspect of building and keeping teams together through the social fabric of
communication, we suggest, will require some significant re-thinking in a full or partial WFH organisation.

3.2.2 Communication and Collaboration

For many organisations, COVID-19 restrictions had a significant impact on the communication and collaboration
of teams, leading to a need for a rapid change in previously used methods [21]. Technologies which had been used
10-20% of the time pre-COVID-19 restrictions were being used 90-100% of the time whereupon restrictions were
suddenly introduced, resulting in an explosion in demand for communication tools such as Zoom, Slack and
Microsoft Teams [22]. In March 2020 alone, daily active users on Zoom and Microsoft Teams increased by 67%
and 120% respectively, with Slack adding an additional 7,000 paying clients [23].

The use of digital media-led interaction has resulted in workers not feeling connected to the organisation as the
quality of communication is considered to be inferior [5]. Developers reported that team socialisation levels had
dropped with the result that teams had become less connected [7]. A study showed 74% of respondents missed
social interactions with colleagues and 51% reported a decrease in their communication ease with colleagues. The
ability to build trust with colleagues is critical for collaboration but can be harder to achieve when WFH [8]. A
decline in team cohesion was observed, with 57% of respondents reporting a decrease in their ability to brainstorm
with colleagues [21]. There had been a significant decrease in pair and mob programming, which for many teams
are fundamental to the success of the project, aiding the ability of team members to solve complex problems by
working on them together [7]. While this was a challenge, it was not one that went entirely unaddressed, some
teams used physical replacements such as small whiteboards and drawings on paper as an alternative way of
brainstorming, while others used online tools such as Mural [17].

When WFH, developers had flexibility in how they work, giving them greater control of when to engage and
disengage with colleagues which created opportunities for spells of deeper, more concentrated work [8]. Many
distributed team members reported that they had more positive experiences WFH [7]. Although it has been
difficult to duplicate the collaboration that happens in person, many have adapted, assuring executives that work
can be done even when their employees are not together in an office [24]. Companies have also been innovating
new ways to engage with their customers, while their customers are discovering that their needs have continued



to be fulfilled through these new methods [24]. We shouldn’t expect that online and virtual engagements can
instantly match or surpass traditional face-to-face human engagement with all the non-verbal cues and
communication that entails, they might always be inferior. However, we may also have undervalued the extent to
which technology could facilitate a different type of working, only embracing it to its full potential in response to
an emergency global threat.

3.2.3 Hiring and Onboarding

The COVID-19 job market was unlike anything previously seen in economic downturns, unemployment soared
in sectors such as hospitality and aviation, while job openings remained at extraordinary levels elsewhere
depending on the industry, business function and skill [25]. As companies were forced through a digital
transformation in order to support WFH, the demand for developers experienced in distributed software
engineering practices and WFH remained high [26]. With hiring being conducted virtually, the process needed to
be reworked to ensure the candidate experience was a high quality, professional experience that reflected the
company’s image and culture. To help both the employer and the employee make informed choices, efforts were
made to extend the number of hiring organisation staff involved throughout the selection process by increasing
the number of formal interviews and/or conducting informal group events [27, 28].

Effectively onboarding new employees can take time as they grapple with culture, technology, products and new
teams, and doing so remotely made it more difficult for the new joiner to gauge company norms in terms of pace
of work and communication style, also making it difficult to build connections to the team and the company [29,
30]. These are not positive developments for either the firm investing in the recruitment effort, or the individual
trying to integrate into their new company, and could lead to frustration and stress for both parties. Being virtual
withdraws vital opportunities for impromptu learning or collaboration with colleagues, and it also reduces the
opportunity for informal feedback and guidance. These are particularly important observations, as while
companies might satisfactorily cope temporarily in the face of an unprecedent disruption through leveraging the
strength of existing personal relationships (perhaps forged over many years or decades working alongside each
other), the same levers will not aid the virtual onboarding and integration or new workers.

Research conducted by Gallup research suggests that managers account for at least 70% of the variance in
employee engagement [32]. Hiring managers must look to improved strategies for virtual training, knowledge
sharing, feedback mechanisms and building a sense of connection with their teams if they are to succeed in
retaining new talent [17]. The role of the hiring manager in the successful onboarding of new talent is arguably
even more important in this new and still emerging world of WFH. And this is not just an issue for those managers
responsible for hiring, it is also the team leaders, line managers, technical leaders and middle managers who carry
a lot of responsibility for this concern. The well-trodden maxim that “people join companies but leave managers”
[31] might, we suggest, be generalisable to “people leave other people”, and therefore everyone in a software
development team and the functions surrounding the team (from HR to IT to Finance) must adapt and create the
time to virtually integrate new hires in a WFH future. This is one cost which might be initially overlooked in a
race to a WFH future. Furthermore, the reduction or removal of various informal meeting and discussion occasions
might, we suggest, limit the ability of developers to socialise and build their career within an organisation through
social networks.

3.3 Work/Life Balance and Well-being

With the disruption of COVID-19 and its associated restrictions on socialising and individual movement, in this
section we address RQ3: How has the welfare of software professionals been affected by WFH during COVID-
19 restrictions?

3.3.1 Work/Life balance

Some have valued the benefits of WFH (e.g. no work commute) and have designed their work time around other
life activities, in some cases this was essential to ringfence hours in the day when they could work on challenging



software tasks with relatively high levels of concentration [33]. However, research suggests that this flexibility
comes at a cost, and that it has led to an increase in daily working hours [33]. Other evidence corroborates that
developers are working longer and goes further in suggesting that this is not viable over the medium to longer
term [34]. Specifically, it is reported that due to COVID-19 disruption, developers’ work days have increased by
up to an hour a day, including weekends. More specifically again, it is non-work related interruptions around the
house that are cited as a source of disruption which leads to longer working days when calculated by summing
the hours [34]. Additionally, the lack of ‘hard stops’ at the end of a work day, developers taking less breaks and
shorter lunchtimes due to the absence of a social component have also led to this increase [7]. GitHub, a global
developer platform that can be used to monitor developer activity, exhibited apparent increased work volumes in
March 2020 when COVID-19 restrictions were introduced [34]. Some interesting reasons for this have been
suggested, including the fear of losing one’s job in uncertain economic times and pressure from management to
push products to the market to take advantage of opportunities [34]. However, the evidence for increased output
and productivity should be carefully evaluated (more code commits does not equal higher productivity) and if
higher productivity was a real phenomenon, it might not be sustained or sustainable. Perhaps faced with an
emergency, some people can find pockets of untapped productivity that are only available during emergency
response.

At present, there are various reports of software developers working longer days but there is uncertainty as to the
medium to long term affect on productivity (as identified in Section 3.1.2). However, there is currently an absence
of robust data on productivity on WFH as the experiment is underway amid a global pandemic and longer-term
potential gains and fallout are unknown. Plus, longer working hours do not necessarily deliver better quality work
or improved total productivity over time (nor does it indicate the converse either). However, tasks undertaken
later in a day when tiredness levels are higher might take longer to complete and be more error prone, and a
sustained pattern of that type of work might play into significant accumulated exhaustion at a future point.
Software engineers are well aware of the perils of accumulating technical debt in their products and take explicit
steps to contain it [51], but they may be less aware of the dangers of burnout [50] and may not have explicit steps
in place to detect and avoid it. Teams that allow flexibility and durable work schedules whilst looking out for
ways to prevent burnout will keep colleagues happier resulting in better productivity over time and across the
workforce [34].

3.3.2 Social Interaction

Prior to COVID-19 disruption, WFH was reported to contribute to a sense of isolation but it has been suggested
that this area requires further investigation during the COVID-19 pandemic as many people have faced obstacles
such as depression and higher levels of stress due to loneliness [35]. The social isolation phenomenon is complex
and alternative research has argued that some professionals enjoy working in isolation and that it does not result
in feelings of loneliness for everyone [36]. Among software developers, research has reported that 74% missed
having social interaction with colleagues and that they had difficulty finding other ways for low-effort-in-person
social interactions, such as coffee or lunch breaks, that enabled colleagues to build social connections and maintain
companionship [21]. In software development settings, the need for social interaction is reported to be important
as it provides colleagues opportunities to build trust with one another, not through structured or planned interaction
such as stand-up meetings, but through unplanned social interactions [8], things such as chats at the coffee dock.
This trust element is not easily measured and its effects on human behaviour are nuanced and the subject of some
debate [52], but trust in colleagues is considered crucial for collaboration [8] and developing trust may be difficult
to achieve when WFH and in the absence of unplanned face-to-face interactions that provide the opportunity to
develop a sense for another person. Against a backdrop of declining social bonds and team unity when WFH [21],
employers may need to be vigilant in designing and policing mechanisms that enable opportunities for trust
building and sustaining.

Although effective engineering procedures and collaboration tools are important for productivity, comprehending
the way in which developers socialise, communicate with one another and assist one another is just as important
[21]. Furthermore, peer learning provides an effective set of circumstances for social interaction and gives an



opportunity for employees to learn technical and soft skills from each other [37]. Other improvements encouraging
social interactions within teams remotely consist of teammates to be more understanding when it comes to WFH
scenarios, to motivate their teammates to give their opinions and take part and advise managers how to direct their
employees WFH [8]. Perhaps in the longer-term experience of WFH — and especially if it is to prevail as a
traditional employer-employee model — software engineers and all those involved in the software engineering
ecosystem may have to rethink their approach to trust building, perhaps learning to depend more on measurable
and observable deliverables and commitment over time than on the time-honoured skills of gaining a likeness for
an individual through more light-hearted and social discourse. But still there will be challenges in this space,
especially if it is a sense of association with others that forms an important element of one’s work experience,
since unplanned low-effort-in-person interactions that rule this sense simply will not occur virtually. A highly
virtualised environment therefore contains perils for both employers and employees.

3.3.3 Wellbeing

Some of the positive effects of WFH have already been identified in earlier sections and include the absence of a
stressful daily commute. But for some individuals, COVID-19 has been reported to have a negative effect on a
developer well-being, which is thought to commonly affect their productivity [3]. An individual’s wellbeing while
WFH is impacted by their emotional stability which influences how one is able to control their emotions during
stress [3]. Factors including changes in flexibility of work and location are related to the welfare of a worker as
they affect health both mentally and physically [8]. The experience of WFH can vary depending on one’s level of
emotional stability and for employees with low emotional stability, WFH can have a negative effect through social
and psychological strains [3]. The reasons for the reported reduction in developer wellbeing are multifaceted and
include the fear of COVID-19 itself, poor ergonomics, the amount of work a developer is expected to complete
and the job security one experiences [3]. Firms will need to design mechanisms to address employee wellness,
examples of which might include structured virtual exercise programmes and invited expert speakers on topics
related to wellbeing.

Companies such as Microsoft have introduced mechanisms to improve the WFH experience for employees
including activities and resources to aid physical and emotional well-being [8]. Companies can continue to support
their employees by paying attention to their emotional wellbeing and providing assurance that lower productivity
can be acceptable at certain times and in response to certain external conditions [8]. This can develop loyalty to
the firm and for some individuals this holds strong currency.

3.4 Technology and Software Engineering Methods

The rapid and widespread transition to WFH in response to restrictions imposed by COVID-19 has necessitated
some changes in technology and practices and is the focus of RQ4: What changes can be observed in development
methods and technologies during COVID-19 restrictions?

3.4.1 Agile Methodologies

Research claims that agile development teams adapted well to the COVID-19 context [39], that the release
frequency of agile teams did not change significantly as a result of practices already in place as well as knowledge
and task management tools used such as Jira and Confluence. Other common agile practices such as the use of
Kanban boards can be digitised and increase the clarity of workflow within distributed teams as well as between
teams [40]. Increased involvement of the Product Owner is reported during COVID-19 restrictions and greater
emphasis is placed on Daily Stand-Ups with teams using them as an opportunity to synchronise and share
information [41]. However, distractions during Scrum ceremonies have been an issue when WFH as team
members respond to emails during Scrum meetings [42]. Moreover, one study found that team collaboration is
reduced as there are less discussions relating to user stories or project complexities, and this is considered to limit
the effectiveness of the agile approach [38]. Furthermore, meetings with clients were reduced when WFH due to
low internet connectivity, timing issues and availability which have made it difficult to maintain client satisfaction



[38]. However, this study also shows that in some cases attendance at Scrum meetings is declining which raises
major concerns, but little evidence of this particular issue was identified elsewhere.

The research indicates, therefore, that agile software development can support an effective response to WFH
during COVID-19, but that some agile practices and techniques might need to be both adapted and better policed
to maintain collaboration and productivity [43]. For example, the location and time of Scrum meetings could be
adopted to allow individual teams to self-organise for face-to-face team interactions at a location of their choosing
(i.e. not necessarily in the company office space). It may also be beneficial to consider the adoption of alternative
scrum/agile productivity metrics [63].

3.4.2 Technology Used in Software Development

One study found that WFH had different effects on productivity depending on which software framework was
utilised [41]. It was observed that WFH had both positive and negative effects on development using C++ but
only negative effects on Java development [41]. Furthermore, productivity decreased for developers working on
server projects compared to application projects when WFH [41]. This could be due to server projects typically
having a large number of components which requires more collaboration between teams. Smaller projects were
less affected by the shift to WFH than larger projects and this could also be caused by the high collaboration
required in large projects. Based on this data, companies considering new policies for WFH in the future would
take account of the project size, type and software frameworks utilised on an individual project basis.

Many software start-ups were under pressure to quickly address uncertainties as a result of COVID-19 [44] and a
transition to greater levels of cloud computing helped to reduce those concerns [45], along with various web
enabled technology that promote information sharing (e.g. google docs and google sheets). Being an information
technology model involving servers and networking [46], cloud computing support employees WFH as data is
stored and managed on cloud based servers [45]. In order to reduce uncertainties and increase productivity during
COVID-19 restrictions, it is necessary to provide access to technologies required to remotely test, build and debug
software systems [41]. It is also important to conduct training and workshops for employees [10, 24] to increase
awareness and understanding of the various technologies employed in firm.

One study reported that during COVID-19 associated WFH, developers spend less time bug fixing and more time
on documentation, testing and learning [5]. Developers are also reported to spend less time in meetings [5] and
may be more focused on improving their skill sets and capabilities. It is not entirely clear how to interpret some
of this data, but it does introduce some cause for concern. Meetings are an important vehicle for information
exchange and risk reduction, especially in agile software development, and if less time is being spent in meetings
it may be resulting in lower levels of information exchange and higher levels of risk.

A participant of one study stated that their teams have and will continue to “treat their tech stack as if they had to
work from home at least 2 days a week. This way things such as VPN, workstations, deploy pipelines, local builds,
etc are naturally able to support remote workers” in order to make their company more productive [8]. This is an
interesting insight, and companies having invested in enabling WFH may seek to derive full value from the
infrastructure and the knowledge that employees can be called upon to attach to the work environment at any time.
This motivation conflicts with emerging legislation designed to protect employees from abuse in situations where
employers may contact them out of work hours [53]. However, if employees seek the benefit of flexibility (for
example to spend time with family at times during the day or to get exercise) then it would not be reasonable to
also expect to disconnect at the traditional end of the workday. Perhaps significant work is required to rethink the
full impact of legislation designed to protect employees’ interests in a WFH paradigm. It has also been observed
that collaboration on open source projects has significantly increased throughout COVID-19 with pull requests
being merged at a faster pace than previously [34]. This could be the result of enthusiast developers contributing
to projects that interest them in the absence of many other outlets during restrictions (and which might also form
part of their regular working deliverables).



4 Research limitations

This work was initially conducted by four final year undergraduate students under the weekly supervision of an
experienced academic. With greater research experience, the researchers would have been more efficient in their
work but the adoption of the MLR methodology gave structure and rigour to the work.

Although COVID-19 was only declared a global health emergency in March 2020, there is already a vast amount
of published material available. A search in google scholar for the terms Covid-19 and Work returns >3 million
results which is far too many to attempt to include in any single human-led research effort. For this reason, this
work narrowed its focus to just four themes, Remote work, Team management, Work/Life balance, and
Technology/Software Engineering Methods. All four of these themes are presented from a general working
context and also from the perspective of software engineering work. Other themes could have been explored and
greater numbers of works could have been included in the analysis, and this would have improved the breadth and
depth of research and associated understanding. Time limitations, however, constrained the scope and depth of
the review.

5 Conclusion

This research has uncovered a beguiling spectrum of agendas, behaviours and preferences in evidence in the
attitude of software developers to WFH. As an emergency response, WFH was unavoidable for many as the
international community grappled to contain the transmission of COVID-19. But this emergency has acted as a
catalyst to experiment with highly distributed software engineering, with most developers based in their own
home. What have we learned about software engineering WFH during the COVID-19 pandemic?

e WHFH during a pandemic is a poor approximator to WFH in the absence of a pandemic. There are too
many confounding and complicating factors to consider, including household health, employment and
finances.

e WHFH in response to a global pandemic is crisis management, it did not involve the levels of careful
planning that would ordinarily smooth the transition to a different working paradigm. In some cases, the
lack of planning and need to just survive and maintain operations allowed decisions to be made quickly
and without over-analysis.

e There is a wide spectrum of developer experiences and attitudes towards WFH during the COVID-19
pandemic. Some report that they excel in their newfound flexibility, others are less ebullient.

e Some developers are ill-equipped personally and technologically for WFH during COVID-19. Issues can
be as simple as poor broadband, and as complex and concerning as depression and isolation. Lack of
appropriate hardware and work space (monitor(s) and peripherals such as mouse, keyboard, dedicated
and appropriate desk) might affect productivity and mood.

e Some productivity gains have been reported but this could be a temporary bounce fuelled by complex
factors, ranging from fear of unemployment to adrenaline-led performance in response to an emergency.

e For some developers, a performance gain might be a real phenomenon, and it may be sustainable in a
full time WFH arrangement, but too little is known at this point and sustainability concerns have also
been expressed.

Ask any gambler and you will soon discover that predicting the future is beset with risk. Integrating the learnings
of this research, we therefore do not predict the following post-pandemic outcomes for software engineering work
but rather suggest that they appear plausible at this time:
e  Once personal travel constraints are removed, it is likely that many developers will want to meet with
their colleagues and will rediscover the enjoyment and fulfilment that can bring.
e Some (many?) developers are not likely to want to return full time to commuting to work and attending
a central office every day.
e  Special provisions must be imagined and implemented to support onboarding, business expansion and
basic business viability.
e Developers can be productive when largely WFH, perhaps even very productive, especially post
pandemic restrictions when they can have greater free space and less noise in their dwellings, and more
opportunity to socialise with colleagues.



o It will be a very challenging time for employers and those responsible for leading software teams. There
is little wisdom to forcing employees to attend a central office and resent doing so (even less again if
rivals are offering improved WFH arrangements); but it would also be unwise to fail to attend to the
social fabric of software teams as without it, team communication and trust will decline; that would be
an undesirable outcome for all stakeholders.

e Raising and sustaining productivity when WFM may involve more widespread adoption of Virtual
Reality and Augmented Reality technologies [54, 55], and measurement of social productivity might
need to be revisited or reenforced [56].

e Hybrid WFH and not-WFH work models will emerge. We can expect these to offer satisfactory levels
of both social engagement and employee flexibility. We might expect to hear language such as: “we are
a 90(WFH) : 100NWFH) company” or “an 80:20 organisation” or “a 40:60 firm”. WFH : NWFH could
come to be colloquially termed HNH (Home : Not Home) or some other easily verbalised term. Note that
the Not Home part means precisely that, not home. Some team meetings could be held in locations other
than a central office and there could be efficiencies to be gained from doing so.

e Highly distributed software teams seem suited to self-organisation and distributed systems architectures
as these arrangements natively promote team and work distribution. This could result in software
architectural transformation for some companies, and could result in increased interest in microservices
architectures [57] and serverless cloud computing provisioning models [58].

e Developers must be realistic about their role in supporting teams and companies. It would be wrong for
one individual to attempt to bend the organisation of entire teams around their private schedules. Work
is work, and teamwork requires discipline and respect, and fairness of contribution. Meetings should start
on time, they should finish on time, and they should achieve their objectives. Committed deliverables
should tend towards being delivered at their committed time and at high quality. Companies will need to
carefully monitor the participation and outputs of teams and individuals, human nature being what it is,
some individuals will not embrace the flexibility of HNH in a mature fashion.

Software engineering is a complex undertaking [59] that should take account of various situational context
considerations [60]. Roles such as Software Engineer and Software Tester have been evolving over time in
response to changing contexts [61, 62]. The onset of COVID-19 related restrictions has brought about a sudden
and highly disruptive change in context and to work patterns for many workers. Software developers have known
for some time that WFH is possible, and some had already embraced WFH long before the COVID-19 outbreak.
COVID-19 related work disruption has demonstrated that widespread and predominant WFH is certainly possible
for the software engineering sector. It is difficult to envision a wholesale return to pre-COVID-19 software
engineering work arrangements, developers would likely resist such a move and employers need to be alert to
those sensitivities. There is a bumpy road ahead, a lot of work policies to be crafted, and ceremonies and
communication constructs to reimagined. But it can be an exciting and worthwhile trip, with significant benefits
for developers, their managers, and their employers.
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