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Abstract

Peopleware, which includes anything related to the role of people
in Software Development (SD), has been arousing an increasing
interest from both the software industry and research community.
This interest is due to the current economic system that demands
high-quality software products with a short time to market, staying
on the budget. This exposes software developers to the risk of expe-
riencing stress, burnout, and reduced motivation, leading, in turn,
to reduced job performance, low-quality SD-related artifacts, and in-
creased turnover. Mindfulness represents a promising intervention
that might let developers do their best at work, limiting or even pre-
venting the previously mentioned negative outcomes. This paper
presents MOOD (Mindfulness fOr sOftware Developers), a research
project whose overarching goal is to customize a well-known and
validated group-based intervention program, Mindfulness-Based
Stress Reduction (MBSR), in the context of SD-related tasks and
assess whether it helps developers to improve their well-being
and performance, as well as the quality of the SD-related artifacts
they produce.
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1 Motivation and Research Context

The software industry is human-capital intensive. The competitive
advantage of software companies and the quality of the software
products they develop depend on their capability of acquiring and
retaining talented software developers. To that end, software com-
panies should invest in promoting engagement and motivation
toward the job [1]. High-tech companies, such as Google or Meta,
are famous for valuing peopleware, which includes anything related
to the role of people in Software Development (SD) [4]. Indeed,
these companies are known for the perks offered to their employ-
ees such as having fun things to do or good food to eat at workplaces
during working hours [8]. Peopleware has been arousing an increas-
ing interest from the Software Engineering research community
as well. For instance, work on peopleware has studied the impact
of sleep deprivation on software developers [6], the role of their
moods/emotions and personality traits [8, 18], the effect of noisy
workplaces [19] in SD, and much more. The interest in peopleware
is due to the current economic system that demands high-quality
software products with a short time to market, staying on the bud-
get. This exposes software developers to the risk of experiencing
stress, burnout, and reduced motivation, leading, in turn, to reduced
job performance, low-quality SD-related artifacts, and increased
turnover [3, 15]. In such a context, the literature on peopleware
has highlighted that, to limit or even prevent these negative out-
comes, it is paramount to act on extrinsic aspects of the job (e.g., fun
workplaces) but also on intrinsic aspects that might affect SD [8].
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Among the intrinsic aspects, mindfulness represents a promising
intervention to let developers do their best at work, limiting or even
preventing the previously mentioned negative outcomes. This is
because mindfulness helps improve well-being [20] and is thought
to enhance people’s ability to focus on the task at hand and let peo-
ple be less distractible to extraneous stimuli and avoid mistakes [7].
Mindfulness originated in Buddhism and became prominent in the
West through Kabat-Zinn [11]. High-tech companies have been
showing interest in mindfulness. For instance, Chade-Meng, when
he was an engineer at Google, developed a mindfulness course
to help employees manage stress at work. His course has today
a six-month waiting list and has been taken by more than 1,500
employees since 2007. Despite the promising impact of mindful-
ness on employees’ well-being and the great interest of high-tech
companies, mindfulness protocols have been employed in work
settings without sound evidence of their effects on employees’ pro-
ductivity and work-related outcomes [9]. Among the mindfulness
protocols available in the literature, Mindfulness-Based Stress Re-
duction (MBSR) [11] is a manualized and validated group-based
intervention program focused on training the self-regulation of
attention and awareness, thereby enhancing voluntary control of
mental processes. MBSR consists of eight 2.5-hour weekly sessions,
home assignments, and a full day on retreat in the second half
of the program. The sessions consist of training and practice in
mindfulness meditation, informational presentations on topics like
stress physiology, and group discussions. Empirical evidence on the
effectiveness of MBSR has shown that it helps improve employees’
well-being in different working contexts [14, 20], but not in SD.

This paper presents MOOD (Mindfulness fOr sOftware Develop-
ers), a research project whose overarching goal is to tailor MBSR
to software developers and provide empirical evidence on the ef-
fectiveness of the tailored MBSR protocol in improving developers’
well-being (e.g., reducing stress) and performance, as well as the
quality of the SD-related artifacts that developers produce. MOOD
is funded by the Italian Ministry for Universities and Research (MUR)
through the Research Projects of Significant National Interest (PRIN)
program (some information on MOOD is summarized in Table 1).

To evaluate the effectiveness of the tailored MBSR protocol, we
planned to use both objective and subjective measures. The com-
bined use of objective and subjective measures of performance and
well-being is quite rare in the literature and this should ensure
the conclusions of our project are grounded on stronger evidence.
Another novel aspect of MOOD is the inclusion of subjective mea-
sures concerning the mindfulness trait, psychological capital, and
personality traits, which should allow us to test the mediating and
moderating roles of these factors. This might help advance scien-
tific knowledge by shedding light on the role of these factors in
the underlying mechanisms by which the MBSR protocol might
lead to an improvement, over time, of developers’ performance and
well-being, and quality of SD-related artifacts. Finally, we would
like to note that the participants in the MOOD project are from
two different communities: Software Engineering (i.e., the authors
from the Universities of Salerno and Trento) and Work and Organi-
zational Psychology (i.e., the authors from the University of Turin).
Although work on peopleware borrows frameworks and instru-
ments from the Psychology research field, collaborations between
computer scientists and psychologists are quite rare.
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Table 1: Some information on MOOD.

Name: Mindfulness fOr sOftware Developers (MOOD)
Website:  https://sites.google.com/unisa.it/moodproject/home-page

Duration:  24-months (from September 28th, 2023)
Funding Agency: Italian Ministry of the University and Research (MUR)
Participants:  Universities of Salerno, Turin, and Trento
Presenters: Simone Romano, Sara Viotti, and Alessandro Marchetto

Status:  Ongoing

2 State of the Art

While studies have provided empirical evidence on the effectiveness
of the MBSR protocol in improving well-being in different working
populations [14, 20], only the study by Bernardez et al. [3] has
suggested that practicing mindfulness (not the MBSR protocol,
specifically) might help increasing performance in a task related to
SD (conceptual modeling, specifically). In this respect, we would
like to remark that empirical evidence needs to be gathered to
show that results achieved in other working populations, or by
considering other SD-related tasks, also hold in the population of
software developers, or by considering different SD-related tasks.
In other words, MOOD will expand the body of knowledge on the
(short- and long-term) effects of mindfulness in the SD context since
we aim to achieve a deep understanding of the impact of the ad-hoc
MBSR protocol on developers’ well-being and performance, and
quality of SD-related artifacts. Finally, although MOOD is forced to
last at most two years, we aim to delineate lessons learned that can
drive the research for the following years.

3 Objectives and Methodologies

The overarching goal of MOOD, formulated according to the Goal-
Question-Metric template [2], is:
Assess an MBSR protocol tailored to software developers for the
purpose of evaluating its effects and retention with respect
to developers’ well-being and performance, and quality of SD-
related artifacts from the point of view of researchers and
software professionals in the context of SD-related tasks.

In line with the goal mentioned above, MOOD aims to achieve the
following objectives:

O1. Tailoring MBSR to software developers to let them get the best
from mindfulness when carrying out SD-related tasks.

02. Assessing whether the ad-hoc MBSR protocol has positive
effects, in the context of tasks related to SD, on different constructs,
namely: developers’ performance and well-being, and quality of
SD-related artifacts.

03. Assessing how long software developers retain the effects of
the ad-hoc MBSR protocol on developers’ performance, well-being,
and quality of SD-related artifacts.

04. Distilling the lessons learned.

05. Disseminating the gained knowledge among researchers and
software professionals (e.g., developers, project managers, etc.) and
gathering feedback from them.

The methodologies to achieve the objectives O1 to O5 are sum-
marized below.

01 (Tailoring MBSR to Developers). To achieve this objective,
we planned to conduct focus groups with software developers from
the contact network of the project’s partners. We opted for focus
groups because they are known to be fast to be performed and
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cost-effective to obtain qualitative insights [13]. O1 was pursued
since we conducted three focus groups with software developers
employed at our industrial partners and then gained insights into
the job characteristics, both job demands and resources, that char-
acterize SD and might affect well-being at work among software
developers [17]. In total, the focus groups involved 21 developers
from two multinational corporations operating in the software in-
dustry in Italy. We analyzed the gathered data (i.e., personal notes
and transcripts of the focus groups) through template analysis [12].
To drive our template analysis, we used a theoretical model widely
used in the field of Work and Organizational Psychology: the Job
Demands-Resources (JD-R) [5] model. We identified several job de-
mands and resources that characterize SD (see Section 5). The
gained insights guided us in designing a training intervention (i.e.,
the ad-hoc MBSR protocol) capable of supporting software develop-
ers in improving their ability to effectively respond to the demands
posed by their job and fully exploit the available job resources. In
this view, the customization of the contents and exercises within
the MBSR protocol will facilitate the transferring process of the
acquired abilities to the SD working context.

02 (Assessing Ad-hoc MBSR in Short Range). To pursue this
objective, we are designing a multi-site (three-site, in particular)
Randomized Control Trial (RCT). The RCT will start in the next few
months with participants recruited, voluntarily, among the soft-
ware developers employed at our industrial partners (i.e., the same
software companies we involved in the focus groups). A multi-site
RCT, like ours, should allow reaching a higher number of partici-
pants as compared to a single-site RCT. The participants in the RCT
will be asked to fill in a pre-questionnaire to better characterize
them and then they will execute an SD-related task at the time
TO (i.e., before the intervention). Later, they will be split into two
experimental groups: treatment and control. The participants in the
treatment group will undergo our ad-hoc MBSR protocol and then
be asked to perform an SD-related task at the time T1 (i.e., after the
intervention). On the other hand, the control group, who will not
undergo any mindfulness program, will be asked to perform the
same task as the other group at the time T1. The SD-related task to
be performed will be a bug-fixing one. We opted for a bug-fixing
task since the gained insights from the focus groups showed that
fixing bugs, especially when performed under time pressure, is very
stressful for software developers. It is worth mentioning that we
will conduct a pilot study, before the RCT takes place, to check and
possibly improve the experimental material. The measurements
will take place at the times T0 and T1. To better understand the
mechanisms that regulate the relationships between our interven-
tion and the outcomes of interest, we will take into account the
following mediating and moderating factors: mindfulness trait, psy-
chological capital, and personality traits. Moreover, we will collect,
through a post-questionnaire, feedback from the participants about
their experiences in the RCT.

03 (Assessing Ad-hoc MBSR in Long Range). To achieve O3,
we planned a follow-up study. More specifically, we will ask the
participants of the RCT to carry out further tasks at the following
times: T2 (one month after T1), and T3 (four months after T1). At
each follow-up time, we will make the same measurements as T0
and T1. This is to assess the retention of the ad-hoc MBSR protocol
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(i.e., the long-term effects of the intervention). Also, we will collect
feedback from the participants through post-questionnaires.

04 (Delineating Lessons Learned). We planned to triangulate
the quantitative and qualitative data from all the studies of our
project. To delineate the lessons learned, we will also take into
account existing empirical evidence. The lessons learned will also
include the experiences we will gain in the project. We plan to
delineate the lessons learned through a series of iterations (i.e., a
series of meetings) among the research units of the projects.

05 (Disseminating Knowledge and Gathering Feedback). To
achieve O5, we planned to conduct a workshop with researchers
and software professionals at the end of the project. Moreover, we
aim to share knowledge through research papers and gather feed-
back from researchers and software professionals when presenting
our papers at conferences—this paper is an example.

4 Project Structure

MOOD consists of five Work Packages (WPs), each addressing one
of the MOOD’s objectives, plus an additional WP devoted to project
management and coordination (see Table 2).

5 Preliminary Results

We conducted three focus groups with software developers, which
allowed us to identify the job characteristics, both job demands
and resources, that characterize SD [17]. As for the job demands,
we observed that software developers must continuously develop
their problem-solving skills to fulfill the tasks at hand, which are
unique in their nature of solution. Managing unpredictability is an
additional concern that software developers are confronted with.
Time pressure is considered an important stress factor: deadlines
often overlap one another so that developers have to accomplish
more work at the same time, adding further difficulty in time man-
agement; moreover, most work is categorized as “urgent”. The job
of the software developer also requires interacting with customers,
colleagues, and superiors. These interactions lead software develop-
ers to cope with some sources of stress, such as external pressures
and expectations, time management scheduled by others, and un-
derstanding requests that are unclear, incomplete, or do not fit the
context. There are also work situations in which software develop-
ers feel the burden of responsibility (e.g., when dealing with security
risks). Moreover, software developers are subject to work-life con-
flicts such as difficulties in detaching from the problems they tackle
at work or meetings arranged outside working hours. As for the job
resources, we found (among other things) that software developers
appreciate the autonomy in the organization of working time (e.g.,
deciding whether to work in the office or remotely).

6 Expected Impact

MOOD is in line with the priorities of the European Agency for
Occupational Safety and Health at Work,! which has highlighted
the importance of identifying proper interventions to promote
well-being and reduce stress in the workplace. As demonstrated,
job-related stress can lead to serious health consequences for work-
ers, negatively impacting healthcare costs, social welfare costs, and

!https://osha.europa.eu/en/themes/psychosocial-risks-and-mental-health
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Table 2: Description of the MOOD’s work packages.

WP1: Tailoring (M1-M38)*

Objective:  Tailoring MBSR to Developers (O1)
‘WP Breakdown: e Planning the focus groups (M1-M2)
® Conducting the focus groups and analyzing the data (M3-M6)
® Designing the ad-hoc MBSR protocol (M7-M8)
Deliverable(s):  Report on the gained insights from the focus groups and ad-hoc
MBSR protocol (M8)
WP2: Short-range Experimentation (M8-M19)
Objective:  Assessing Ad-hoc MBSR in Short Range (02)
WP Breakdown: e Planning the RCT and follow-up study (M8-M10)
® Conducting a pilot study and reviewing the planning of the
RCT and follow-up study (M11)
e Conducting the RCT in the 1st site and analyzing the data
(M12-M15)
® Conducting the RCT in the 2nd site and analyzing the data
(M16-M19)
o Conducting the RCT in the 3rd site and analyzing the data
(M16-M19)
Deliverable(s):  Report on the outcomes from the RCT (M19)
WP3: Long-range Experimentation (M15-M22)
Objective:  Assessing Ad-hoc MBSR in Long Range (O3)
WP Breakdown: e Conducting the follow-up study in the 1st site and analyzing
the data (M15-M18)
® Conducting the follow-up study in the 2nd site and analyzing
the data (M19-M22)
o Conducting the follow-up study in the 3rd site and analyzing
the data (M19-M22)
Deliverable(s):  Report on the outcomes from the follow-up study (M22)
WP4: Lessons Learned (M20-M24)
Objective:  Delineating Lessons Learned (O4)
WP Breakdown: e Delineating the lessons learned (M20-M24).
Deliverable:  Report on the lessons learned (M24)
WP5: Dissemination (M7-M24)
Objective:  Disseminating Knowledge and Gathering Feedback (O5)
‘WP Breakdown: e Publishing research papers (M7-M24)
® Organizing the workshop (M20-M23)
o Conducting the workshop (M24)
Deliverable(s):  Report on the workshop (M24)
WP6: Management and Coordination (M1-M24)
Objective: ~ Managing and coordinating partners and activities
WP Breakdown: e Coordinating partners and activities (M1-M24)
Deliverable(s):  Intermediate project report (M12) and final project report (M24)

2 “M” stands from “Month”.

productivity.? The literature on peopleware has highlighted that
job-related stress is an emerging risk among developers and that
turnover represents a particularly relevant consequence for this
working population [3]. The turnover is costly for the software in-
dustry [10]. Pekala [16] reported that United States firms pay more
than $140 billion per year in recruiting, training, and administrative
expenses to replace employees who leave. Cost studies show also
that losing scientists or technical professionals (e.g., developers) is
three to six times the cost of losing administrative professionals
and the employee turnover rate in the software industry is much
higher than any other sector [10]. In this context, we foresee a
positive impact of MOOD at different levels: (i) at a worker level,
by promoting developers’ well-being (e.g., by reducing stress); (ii)
at an organizational level, by improving developers’ performance
and quality of software-related artifacts and reducing developers’
turnover; and (iii) at a societal level, by reducing the indirect cost
caused by poor well-being at work (e.g., developers experiencing

Zhttps://osha.europa.eu/en/publications/calculating- cost-work-related- stress-and-
psychosocial-risks
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burnout). Regarding the impact at a societal level, it is worth noting
that the relevance of the software industry in the modern economy
is increasing. For instance, in terms of occupational rate, a recent
Eurostat report® indicated that 2.4 million people were employed
in the European Union high-tech sector (which includes the soft-
ware industry). In this context, we foresee that a positive impact
of MOOD at a societal level can contribute to the sustainable de-
velopment of the high-tech sector. For instance, positive MOOD
outcomes can contribute to containing welfare costs that are due
to poor well-being at work, and the development of a “healthy”
software industry.
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