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ABSTRACT
The realization that software has a far reaching impact on
politics, society and the environment is not new. However,
only recently software impact has been explicitly described
as ‘systemic’ and framed around complex social problems
such as sustainability. We argue that ‘wicked’ social prob-
lems are consequences of the interplay between complex eco-
nomical, technical and political interactions and their under-
lying value choices. Such choices are guided by speci�c sets
of human values that have been found in all cultures by ex-
tensive evidence-based research. The aim of this paper is to
give more visibility to the interrelationship between values
and SE choices. To this end, we �rst introduce the concept
of Values-First SE and re
ect on its implications for soft-
ware development. Our contribution to SE is embedding
the principles of values research in the SE decision making
process and extracting lessons learned from practice.

Categories and Subject Descriptors
D.2.9 [Management]: Software Process Models; K.2.4 [Soft-
ware Engineering]: Social Issues; D.2.1 [Requirements/
Speci�cations]: Elicitation methods

General Terms
Management, Design, Human Factors, Theory.

Keywords
agile methods, action research, design thinking, values the-
ory, socially conscious software

1. INTRODUCTION
The 2015 diesel car emissions scandal, a \complete abdica-

tion of law and social responsibility" [24], has attracted pub-
lic condemnation, likely massive �nancial penalties, public
image damage, and software professionals’ outrage. Ethics
and software rarely make headlines as they both seem to be
di�cult to grasp: one covers the \mushy stu�" that human
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values are made of [31], the other is often hidden, concealed,
and immaterial. However, when the ‘code’ is breached,
ethics and software suddenly become a public story, text
book material, and \engineering history in the making" [24].
Feenberg, re
ecting on the ten paradoxes of technology, ar-
gues that \what is most obvious is most hidden" [13]. Like-
wise the values embedded into software are often invisible
and taken for granted, except when the catastrophic conse-
quences of their breach manifest.

The aim of this paper is to give more visibility to the inter-
relationship between values and Software Engineering (SE)
choices. We do so by drawing on �ndings from evidence-
based values research [10, 36, 37] that has identi�ed, quan-
ti�ed and mapped basic human values across all cultures.
To this end, we �rst introduce the concept of ‘Values-First
SE’ and re
ect on its implications to software development.
Values-First SE explicitly uses human-values as a reference
framework for decisions making at key stages of software de-
velopment: from project planning to requirement capture,
from system development to re
ection on its impact.

Our contribution to SE is embedding the principles of val-
ues research [10, 36, 37] in the SE decision making process
and extracting lessons learned from practice. In particular
we re
ect on Values-First SE implications on the planning,
design, and development of Snap, a digital health wearable
for anxiety re
ection and management. We conclude with
re
ections on the transferability and the broader implica-
tions of a Values-First approach in SE.

De�nitions - Values represent our guiding principles in-

uencing our decision-making processes as groups, individ-
uals, and organizations [8, 36]. Ethics describes a gener-
ally accepted set of moral principles, and \addresses any
intentional action that impacts negatively or positively the
lives and values of others" [21]. In other words, ethics pro-
vides moral guidance through principles; morals describe the
goodness or badness of actions; values describe what an in-
dividual or a group thinks is valuable or important [18, 1].

Clari�cations - There is a constant interplay between
values, morals and ethics [45], making it challenging to study
values in isolation. For example, Friedman’s Value Sensitive
Design (VSD) \emphasizes values with an ethical import"
[20]; similarly, Van Den Hoven focuses on ethics and engi-
neers’ \moral overload" [45]. Instead, this paper highlights
the importance of a value mapping process that is indepen-
dent from moral judgements: one that allows to system-
atically unearth all the values in a project, their potential
con
icts and relations. In other words,Values-First SE aims
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to capture values structures before judging what values may
be right or wrong.

Motivation - The realization that billions of lives depend
on software systems is not new, and has since led many in
computing \to wrestle with the ethical impact of their daily
decisions and the values embedded therein" [21] and to work
hard towards the codi�cation of software Ethics [22]. Simi-
larly, the realization that software has a far reaching impact
on the environment, society, politics and economy is not new
[18, 44]. However, only recently software impact has been
explicitly described as ‘systemic’ [12], and framed around
the concept of sustainability and its long-term implications
[2]. Much e�ort has since been made into seeking a \com-
mon ground" and a \shared language" [2] not only to bring
sustainability to the SE community attention but also to
embed it in SE practice through standards [34].

Challenge - Complex concepts such as sustainability, dif-
ferently from the \emergent" [34] nature of ‘Safety’ and ‘Se-
curity’ requirements, call for long term, systemic thinking.
We argue that by trying to reduce them to standards, the
risk is that complex issues will be either dismissed or reduced
to regulations that inadequately capture their complexity.
In line with Cabot et al. [7], we argue that complex ‘wicked’
problems [12] such as sustainability should be treated as a
\softgoals", not as functional requirements.

Approach - We contend that sustainability is a conse-
quence, not a departure point of values-sensitive choices.
Such choices are guided by speci�c sets of values that have
been codi�ed and found in all cultures [37]. Our approach
is to integrate principles of values research to SE practice,
re
ect on its impact, and plan its next course of action. To
do so, we combine action research [14, 26] with design think-
ing techniques [33], circular economy principles [6, 42], and
agile development practice [31, 38]. We argue that a deep
insight into human values combined with practice can o�er
some powerful tools to start tackling wicked problems by
supporting long-term thinking through re
ection, and o�er-
ing alternative conceptual framings to our actions [29].

2. RELATED WORK
Our work draws on \within and beyond the software com-

munity" [2]; we focus on the role of values within SE, by
looking at SE Ethics [21], SE Economics [4, 3, 27] and Sus-
tainable SE [2, 34], and Values Sensitive Design in ICT [18,
45]. We also look beyond SE by drawing on values research
[10, 36] and principles of Circular Economy [23, 42, 43].

2.1 SE Ethics and Values Systems
Gotterbarn states that \technical decisions should be con-

sciously guided by values" [21], Friedman [18] and Van den
Hoven [44] speak of ‘intentionality’. The words\consciously"
and \intentional" are key: any decision, including techni-
cal ones, are de-facto driven by values. The missing part
of the argument is what values drive such decisions. Val-
ues need to be formally characterised to lead to values-
conscious decisions and actions: over the years, values re-
search has identi�ed and categorized a number of universal
human values worldwide [36, 37]. Most importantly, exten-
sive research, as reported in [28], has found that rather than
occurring randomly, these values are related to each other:
some tend to go together, others tend to be opposed as Fig-
ure 1 shows. For example, people who identify strongly with
Self-enhancing or extrinsic values (e.g. personal ambition)

Figure 1: Schwartz’s values system as a circumplex.
The ten groups of values are divided along two axes:
Self-enhancement vs. Self-transcendence; Openness
to Change vs. Conservation. Adapted from [37].

tend not to identify with Self-transcending or intrinsic val-
ues (e.g. mutual help). In addition, several independent
studies [28] suggest that intrinsic values are correlated with
sustained pro-environmental behavior and extrinsic values
are negatively correlated with these behaviors.

The fact that extrinsic and intrinsic values sit on ‘oppo-
site’ quadrants, does not mean they are mutually exclusive,
however their co-occurrence is likely to challenge the deci-
sion making process. Research on universal values is not
primarily concerned about morals (i.e. no value can be said
to be ‘good’ or ‘bad’ per se’): it is concerned about the
interrelationships between values and how they a�ect de-
cisions. Principles of values research have been applied to
several domains from health sta� recruitment [32] to NGO
marketing campaigns design [9, 10]. Embedding the prin-
ciples of Schwartz values theory in SE will not stop people
from breaking rules and standards, but its clear taxonomy,
could be embedded in goal-oriented techniques [7] and help
values-conscious SE practitioners to more quickly identify
and respond to values divergences in software development.

2.2 Sustainable SE and Circularity
Sustainable SE calls for a joined up, interdisciplinary ap-

proach and long term systems thinking [12]. The Circular
Economy (CE) approach is a thinking framework that con-
siders economy as a network of systems that transform re-
sources (e.g. actual material, energy) and feeds them back
into a closed loop. It draws from a number of regenerative
‘no-waste’ industrial design practices which develop prod-
ucts as services that are \economically strong, socially bene-
�cial, and ecologically intelligent" [6]. CE is not new: intro-
duced in the mid seventies [42], it has been popularised by
McDonough and Braungart’s ‘Cradle to Cradle’ approach
to design [6] and adopted in large-scale economy systems
such as China’s [43]. Of particular relevance for SE is the
emergent consideration of the role of software in CE. For
example, a recent Green Alliance report [23], highlights the
role of software in smart devices’ sustainable design in a
number of areas, including: promoting software longevity
support through the extension of software upgrade guaran-
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tees; supporting the development of second life �rmware for
older recycled phones; facilitating hardware self-diagnostics
for better use and reuse of smart devices; cloud o�-loading
through ‘servitisation’ of functionality.

However, any technology intervention can have unexpected
and often unforeseeable e�ects: even a sustainably designed
technology may still lead to undesirable consequences to in-
dividuals and society at large [1]. For example, cloud o�-
loading and servitization could further lock users into cor-
porate values-chains as previous research has found [11]. Al-
ternatives such as community cloud computing [30] could be
hence explored. We argue that the application of values sys-
tems principles can make SE Ethics more actionable, whilst
industry CE practices can o�er valuable insights into the
role of software in sustainable SE practices.

2.3 Value-based and Values-First SE
Values-First SE is di�erent from Value-based SE (VBSE)

in that the former builds on values research [36] and sees val-
ues as what drives SE decisions. VBSE, instead, is founded
on SE Economics principles [3, 27] and sees value as ‘what
software is worth’ [27]. Similarly to Boehm’s non-neutrality
of ‘value’, we argue that ‘human values’ are not neutral:
they do have di�erent qualities (e.g. intrinsic or extrinsic)
and depending on the cultural, economic, social and political
context some ‘weight’ more than others. SE decisions could
be hence described as a function of the weighted values held
by all parties involved in the SE decision making process.

However, VBSE by focusing on the ‘customer - software’
relationships tends to primarily focus on �rst order e�ects
and less on long term impact. For example, the decision to
‘servitise’ system functionality, if purely based on short-term
monetary factors, may miss considerations of medium to
long term implications. By consciously introducing a Values-
First approach in SE design decisions, alternatives which
take environmental impact, privacy policies, and fairness of
employment may be explored.

2.4 VSD and Values-First SE
VSD o�ers many valuable insights into values theory and

its application to design [18, 20, 19]. Similarly to VSD, we
adopt participatory design principles to challenge biases in
technology development. We do so by systematically apply-
ing techniques that create knowledge neutrality processes
where \participants are equally inexpert" [15]. However, we
found three main challenges when trying to apply VSD to SE
values mapping exercises: �rstly, VSD is a \methodological
framework" speci�cally devised to handle \the value dimen-
sion in design work", whereas Values-First SE focuses on
a \values taxonomy" that can be consistently used to map
values across domains, disciplines and cultures. Secondly,
VSD values system is \grounded in theory" [19], whereas
Values-�rst SE builds on extensive empirical investigations
that ground human values to the universal requirements of
human existence [37]. Finally, VSD places particular empha-
sis on \values with ethics import" [20], whereas Values-First
SE aims to give equal representation to all human values at
play.

3. APPROACH
Values-First SE consciously uses representations of the

human values system to guide SE decisions, to re
ect on
the impact of SE interventions, and to plan the next course

Figure 2: Values-First process model.

of action. Values-First SE sits at the core of a Social SE
framework [14] that combines action research [26] with de-
sign thinking techniques [33], and agile development prac-
tice [31, 38]. This framework, which we refer as ‘Speedplay’
[14], is hence characterised by the following qualities: 1)
Values-First - it intentionally uses human values as reference
for SE decisions; 2) participatory - it works in partnership
with stakeholders and end-users at all stages: from design
to implementation and evaluation; 3) system-thinking - it
applies creative, design thinking techniques to visioning and
problem solving; 4) iterative - it uses an agile approach to
software development; 5) re
ective - it operates within an
action research framework 6) technology mediated - it uses
rapid prototyping for quickly exploring risks and impacts of
possible software interventions on society.

Speedplay follows a traditional ‘plan, act and re
ect’ ac-
tion research process across four overlapping steps (prepare,
co-design, co-develop, and sustain) as shown in the left part
of Figure 2. In prior work we described the role of design
thinking, action research, and agile development in the co-
design [33] and co-development [40, 38] steps, here, we focus
on the role of values research in the sustain step both across
and within projects. Figure 2 visualises this role by plotting
values system outputs in three groups: Values Portraits -
summary representations of the project partnership values;
Core System Qualities - high-level descriptions, or ‘check-
lists’, of the system requirements; Project Documentation
- i.e. a project brief and workplan. Section 4 further de-
scribes these three outputs by introducing actual examples
using ‘Snap’ as a case study.

Speedplay is, above all, a mindset which is best captured
by its ‘work-style principles’ introduced in early work [14]
and further explained in the next section. These principles
emerged over the years through innovation research projects
involving a variety of stakeholders including hard-to-reach
communities [41, 40]. As an example, we report on the two
main steps that led to the bottom-up adoption of such prin-
ciples within and across Social SE projects.

Framing values within a project - Midway into an
innovation research partnership involving a homeless char-
ity and their service users [41], developers, researchers, and
practitioners felt that the values of ‘competitiveness’, ‘nov-
elty’, and ‘excellence’ associated with the concept of ‘tech-
nology innovation’ was out of tune with the partners’ needs.
They resolved that the project needed a new set of values
and that a common language had to be sought: through re-
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