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Abstract. Software product managers are missing guidelines on how
to incorporate different dimensions of sustainability in software prod-
uct management and requirements selection decision-making. This is a
challenge because considering sustainability perspective while selecting
requirements has become a major objective for software product de-
velopment companies; however, it is unclear how to support it during
complex product management decision-making. In this paper, we iden-
tify the value aspects related to sustainability for software requirements
selection. An exemplary dialogue between a consultant and a product
manager illustrates how the proposed approach can be used while taking
product management and requirements selection decisions. Our contri-
bution provides software product managers with guidance on how to
incorporate value aspects related to sustainability while taking software
product management and requirements selection decisions.

Keywords: Sustainability, value-based software engineering, decision-
making, software product management

1 Introduction

In today’s world, software has become the main competitive advantage, enabling
faster and cheaper innovation as well as product differentiation, and at the same
time hardware is becoming standardized [10,35]. Simultaneously, the size and
complexity of software in products are increasing, and so is the impact of soft-
ware development decisions on the overall product offering [15]. That is, any
decision taken regarding software, e.g. what features to realize, what quality
to offer, or what technology to choose, will impact the entire product’s life cy-
cle and value, not to mention that it limits future possibilities and direction of
the product and business (economic sustainability) [1,19]. Along with this, due
to increased awareness about environmental, social and human sustainability, a
challenging question is how a company can build innovative products that not
only meet the needs of its customers, but are also built in a socially responsi-
ble and sustainable way? While it is required to build special software for the



customers to measure, monitor and act on various sustainability indices, it is
equally important that the products are developed and managed in an adequate
way with an in-depth understanding of the environment they are applied in.
This situation gives rise to many decision-making challenges for industry prac-
titioners, for example, which value aspects with respect to sustainability need
to be considered while taking software management decisions? How does the
realization of one functional or quality feature influence the sustainability value
of the product offering, where short-term potential sales and revenues are al-
most always premiered over sustainability aspects? Answering these questions
can help to innovate and develop products that do not only deliver value to the
customers, but also enable development of products keeping in view the sustain-
ability perspective. This perspective spans all levels of decision making: on the
project, the product, and the portfolio level. Our research question is: How can
we incorporate sustainability as a primary objective with the conventional goals
in software product management decisions?

Value-based software engineering (VBSE) can help answering these questions
as it emphasizes that every decision and/or feature of a product does not have
an equal value like in a value-neutral setting [2]. This requires making decisions
that are better for overall value creation, according to Kontio et al. [21] and
Rönkkö et al. [29], and balancing short-term and long-term value creation.

Contribution The primary contribution of this paper is a list of value as-
pects that need to be considered from the perspective of sustainability while
taking product management and development decisions. The Software Value
Map is used as the basis for identification of these value aspects. The Software
Value Map [20] provides a consolidated view on value aspects relevant for taking
software product management and development decisions based on the Balanced
Score Card approach. In addition to its application for sustainability concerns,
a set of value aspects not yet covered by the Software Value Map has also been
included, where each aspect is described and given a rationale. The identified
value aspects can be used as criteria for taking requirements selection decisions.
The application of the approach is illustrated in a fictitious dialogue between a
product manager and a consultant.

2 Foundations and Related Work

The following sub-sections give a brief introduction to the concepts of sustain-
ability and the Software Value Map as well as an overview of related work.

What is Sustainability? The four main dimensions of sustainability that
we consider important are human, social, economic, and environmental, see
Goodland [9]. The three latter ones are the dimensions known from the most
cited definition of sustainable development by Brundtland et al. [4]: “. . . meets
the needs of the present without compromising the ability of future generations
to satisfy their own needs.” The first dimension, human, is not present in the
public discussion, but we argue that it should be included because it is the basis
for the others.



Human sustainability: Human sustainability refers to the maintenance of the
private good of individual human capital. The health, education, skills, knowl-
edge, leadership and access to services constitute human capital. [9]

Social sustainability: Social sustainability means maintaining social capital
and preserving the societal communities in their solidarity. Social capital is in-
vestments and services that create the basic framework for society. [9]

Economic sustainability: Economic capital should be maintained. The defi-
nition of income as the amount one can consume during a period and still be as
well off at the end of the period can define economic sustainability, as it devolves
on consuming value-added (interest), rather than capital. [9]

Environmental sustainability: Although environmental sustainability is needed
by humans, it itself seeks to improve human welfare by protecting natural re-
sources. These are water, land, air, minerals and ecosystem services; hence much
is converted to manufactured or economic capital. Environment includes the
sources of raw materials used for human needs, and ensuring that sink capaci-
ties recycling human wastes are not exceeded. [9]

Our analysis of how to incorporate sustainability into software product man-
agement decisions is based on these definitions as our understanding of sustain-
ability. The foundation we use for guidance in taking software product manage-
ment decisions is the Software Value Map, described in the following section.

The Software Value Map. The Software Value Map [20] provides a con-
solidated view of the software value concept utilizing four major perspectives:
the financial, the customer, the internal business process, and the innovation
and learning. The value aspects and value components contained in the map are
collected through extensive review of economics, management and value-based
software engineering literature.

The value map offers a unified view of value, which can be used by profes-
sionals to develop a common understanding of value, as well as acting as decision
support to assure no value perspective is unintentionally overlooked when tak-
ing product management decisions. For example, during requirements selection
in addition to short term increases in customer value and company revenue, a
company’s and product’s long-term sustainability view can also be considered.
While evaluating the effects of a requirement on the maintainability value of
the product’s architecture, human capital value of the company and innovation
value would enable a comprehensive (long-term) impact analysis of a certain
decision. Thus, by having a value focus, the overall trade-off between positive
and negative impact on the present product offering can be estimated. This is
central from many perspectives. For example, from a business perspective, the
selection and realization of a feature might be good idea, but simultaneously the
long-term effects pertaining to, e.g., sustainability of system architecture, might
be very negative.

The taxonomy used to categorize the perspectives for measuring value was
inspired by the balanced scorecard (BSC) approach, see Kaplan et al. [16,17].
BSC can be defined as a set of measures that gives managers a fast but compre-
hensive view of the business using four main perspectives, namely the financial,



customer, internal business process, and innovation and learning [16,17], each
described below.

The financial perspective contains aspects that address the company’s imple-
mentation and execution of its strategy which are contributing to the bottom-line
improvement of the company. It represents the long-term strategic objectives of
the organization and thus incorporates the tangible outcomes of the strategy in
traditional financial terms [32,29]. Some of the most common financial measures
that are incorporated in the financial perspective are earned value analysis and
profit margins.

The customer perspective defines the value proposition that the company
will apply to satisfy customers and thus generate more sales to the most desired
(i.e. the most profitable) customer groups, see, e.g., Steven [32]. Measures that
are selected for the customer perspective should measure both the value that
is delivered to the customer (value proposition) with respect to the perceived
value, which may involve time, quality, performance and service, and cost, and
the outcomes that come as a result of this value proposition (e.g., customer
satisfaction and market share).

The internal process perspective is concerned with the processes that cre-
ate and deliver the customer value proposition. It focuses on all the activities
and key processes required in order for the company to excel at providing the
value expected by the customers both productively and efficiently. Quality, cycle
time, productivity and cost are some aspects where performance value can be
measured [16].

The innovation and learning perspective is the basis of any strategy and fo-
cuses on the intangible assets of an organization, mainly on the internal skills
and capabilities. The innovation and learning perspective is the intellectual capi-
tal categorized as human capital, structural capital, and the organization capital
of a company [16,23].

Related Work. The ISPMA provides a first body of knowledge, which does
not explicitly consider sustainability yet [15]. Penzenstadler et al. [27] con-
ducted a systematic literature review on sustainability in software engineering.
The review revealed no work specifically related to sustainability in the context
of software product management decision making. Cabot et al. [7] performed a
case study for sustainability as goal for the ICSE organization with i* goal mod-
els to support decision making for future conference chairs, but don’t discuss
decision support for potential measures and do not provide methodical guid-
ance or decision support. Naumann et al. [26] investigate how web pages can be
developed with little environmental impact, i.e., energy-efficiently, but do not
discuss implications on product management. Mahaux et al. [24] performed a
case study on a business information system for an event management agency
that advertises environment-friendly events but do not address the decision mak-
ing challenge. While all of these works refer to sustainability goals, none of them
discusses values related to sustainability and how to consider them while tak-
ing product management and requirements selection decisions. Moreover, within
research on value-based software engineering, to the best of our knowledge, no



work yet explicitly discusses sustainability as one of the major consideration in
software product management decision-making.

3 Identification of Value Aspects for Sustainability

The software value map can be used as a basis for identification of value aspects
be considered from different sustainability perspectives, while taking product
management and requirements selection decisions.
We discuss four sustainability dimensions and value aspects relevant to each of
the dimensions are given with the rationale for their relevance to the discussed
sustainability dimension along with the references for further readings. Tables 1-
4 list the values (column Value Name) related to the sustainability dimensions,
identify the balanced score card perspective they belong to (column Perspec-
tive), describe the value itself (column Value Description), why it matters for
sustainability (column Rationale), and what can be done in order to improve it
with references to further reading (column Actions & Further Reading). Please
note that the list of identified value aspects is not complete rather it is the
first attempt towards theoretical foundations for incorporating sustainability
perspective while taking requirements selection decisions.

Human Sustainability. Software is developed and managed by people.
Therefore, it is fundamental to consider value aspects related to human cap-
ital while taking product management decisions. The human capital value is
described in Table 1. Although value aspects related to human sustainability
are not necessarily related to all product management decisions, they actually
influence the effects of other value aspects related to sustainability. For exam-
ple, satisfied developers will be more focused to build high quality products with
efficient use of resources.

Table 1. Value aspects for human sustainability

Value
Name

Perspective Value Description Rationale Actions & Further Reading

Human
capital
value

Innovation
and learn-
ing

Human capital value refers
to the stock of skills and
knowledge embodied in the
ability to perform labor
so as to produce eco-
nomic value. It is the value
of skills and knowledge
gained by a worker through
experience

For human sustainability,
human capital value should
be increased by enhancing
the skills and knowledge of
the developers since they
are the work force that de-
velops the system.

Offering training and con-
tinued education improves
skills and knowledge of an
employee. Fitz-enz [8] pro-
vides measures for the eco-
nomic value of employee
performance.

Social Sustainability. For supporting social sustainability, a software de-
velopment company may want to consider customer capital value while taking
product management decisions. Furthermore, network externalities play a role
in binding the customer. In addition to the values in Table 2 that are identified
from the Software Value Map, there are other values that can be discussed in this
context. The reason for not listing them is that they are related less directly to
the software product under development, rather to the surrounding environment,



Table 2. Value aspects for social sustainability

Value
Name

Perspective Value Description Rationale Actions & Further Reading

Customer
capital
value

Internal
Business
perspective

Value of relationships that
a firm builds with its cus-
tomers, and which is re-
flected in their loyalty to
the firm and/or its prod-
ucts. It is not reflected in a
balance sheet in monetary
terms.

Loyalty of customers is a
stable basis for continuous
bonding and customer re-
tention [14].

Hennig-Thurau et al. [14]
suggests improving bond-
ing with customer with
the use of motivation the-
ory. Storbacka et al. [33]
links service quality with
customer satisfaction and
profitability.

Network
exter-
nalities

Customer
perspective

The amount of other users
of the software product
that are relevant to the fo-
cal user, e.g., who might
be motivated to use a ser-
vice due to incentives for
the user

If there are incentives for a
user to motivate other peo-
ple to use a service, the
user might keep using it for
two reasons: the incentive
(e.g. lower costs), and the
network of users that share
the service [18].

Katz et al. [18] provide
an analysis of the options
to improve availability of
complementary goods and
services.

for example, values related to labor practices, human rights, society, and ethi-
cal behavior (see Silvius and Schipper [31]). Activities for good labor practices
are to ensure employment, to work on labor-management relations, to provide
training and education as well as organizational learning, and to offer diversity
and equal opportunity. Human rights support is, e.g., to prevent discrimination.
For society, potential measures are to improve community support, to perform
adequate market communication, and to guard customer privacy [31]. Ethical
behavior includes checking investment and procurement practices [31].

Economic Sustainability Within a software development context, value
aspects related to economic sustainability need to be considered while taking
product management decisions. The values detailed in Table 3 are maintain-
ability value, innovation value, differential value, and physical value w.r.t cost.
Economic sustainability is the aspect that is already most present in today’s
software business. One sub aspect of this is software sustainability, a term used
interchangeably with software maintenance, and an innovation infrastructure
are fundamental inputs to continuously maintain and evolve software products
such that they sustain economically throughout their entire planned lifecycle.
Moreover, competitive advantage has to be maintained to ensure economic sus-
tainability of the company.

Environmental Sustainability Environmental sustainability may be im-
proved by improving the market requirements value, the physical value w.r.t.
cost, the sustainability value of technology, and the product’s intrinsic value.
Each of the values is detailed in Table 4. Selling software as services enables
a higher rate of innovation and also reduces the number of expensive hardware
upgrades that needs to be done. This, in turn, means an increased environmental
sustainability. While it can go hand in hand with economic efficiency, this can
also have cost-increasing effects, e.g., through additional activities.

Interrelationships Interrelationships in the value aspects identified from
different sustainability dimensions are possible. The interrelationships can exist
as the following effects:



Table 3. Value aspects for economic sustainability

Value
Name

Perspective Value Description Rationale Actions & Further Reading

Maintai-
nability
value

Internal
business
perspective

The capability of the soft-
ware product to be modi-
fied. Modifications include
improvements or adapta-
tion of the software to
changes in environment,
and in requirements and
specifications.

Maintainability of a soft-
ware product is a founda-
tion for sustainability [30]
in a broader understand-
ing, as evolution balances
the factors to be accounted
for when aiming at sustain-
ability.

An approach for achieving
software sustainability and
how to measure it is given
by Seacord [30].

Innova-
tion
value

Innovation
and learn-
ing

The practical value of sub-
ject technology that is ma-
terialized in market (as a
product or service) or in
business process (as pro-
cess innovation)

According to Hansen et
al. [13], sustainability is a
key driver of innovation. If
they go hand in hand, inno-
vation has to be supported.

Hansen et al.’s frame-
work [13] allows also for
conclusions with respect to
the market.

Differen-
tial
value

Internal
business
perspective

Differentiation is the pro-
cess of distinguishing the
differences of a product
or offering from others, to
make it more attractive to
a particular target mar-
ket. This involves differen-
tiating it from competitors’
products as well as one’s
own product offerings.

In order to have sus-
tainable competitive
advantage, it is funda-
mental to strive product
features/capabilities that
enable economies of de-
velopment and/or lower
profit margins (see Lado et
al. [22]).

Hall [11] gives a frame-
work for linking capabili-
ties to sustainable compet-
itive advantage.

Physical
value
w.r.t.
cost
(PVc)

Internal
business
perspective

A product being developed
and marketed with lower
development cost will have
higher Physical value w.r.t.
to cost.

For economic sustainabil-
ity, it is fundamental to
keep the development costs
as low as possible [6].

Byggeth [6] proposes a pro-
cedure for sustainability-
driven design optimization
illustrated with a case
study.

– A positive impact on one value aspect might have positive impact on one or
more sustainability dimension

– A negative impact on one value aspect might have negative impact on one
more sustainability dimension

– A positive impact on one value aspect might have a negative impact on one
or more sustainability dimension and vice versa

For example, if quality features, not even demanded by the customers, are pro-
vided; the intrinsic value of the product might be very high, however, this will
negatively impact the environmental sustainability perspective as Physical value
w.r.t. cost would decrease due to extra features produced (a waste). On the other
hand, if generic products (which are demanded by majority of the customers)
are developed and sold, Market requirements value would be high and Physical
value w.r.t. cost would be high which doubles the positive impact on the envi-
ronmental sustainability. Moreover, by developing maintainable products, while
Maintainability value is increased which positively impacts the economic sus-
tainability; however, this could have a negative impact on Human capital value
because the developers feel that by maintaining the existing code no new skills
are being learnt. Consequently, human sustainability is negatively impacted.
Resolving trade-offs between conflicting dimensions (often between economic and
environmental, as environmentally sustainable involves adequate supplies) can
only be solved by goal prioritisation—the economic side or the environment.



Table 4. Value aspects for environmental sustainability

Value
Name

Perspective Value Description Rationale Actions & Further Reading

Market
require-
ments
value

Internal
business
perspective

Represents the production
value with respect to a
given market requirement
(Time & effort to imple-
ment a feature vs require-
ment’s market demand &
value)

Producing generic prod-
ucts can save resources
(such as computers, elec-
tricity), as customized so-
lutions may require ad-
ditional environmental re-
sources [12].

Murugesan [25] proposes
principles and practices for
green IT.

Physical
value
w.r.t.
cost
(PVc)

Internal
business
perspective

Represents the production
value w.r.t. cost. A product
being developed and mar-
keted with lower develop-
ment cost will have higher
PVc

From environmental sus-
tainability perspective,
it should be ensured the
resources are not wasted
(adding to cost) during
product development.
However, efficiency can
only contribute to, but not
achieve sustainability by
itself, see, e.g., Tomlinson
et al. [34].

Silvius [31] takes trans-
port, energy, waste, and
materials into the resource
balance. Poppendieck
[28] proposes to elimi-
nate “waste” in terms
of partially done work,
relearning, task switching,
delays, defects etc.

Sustain-
ability
value of
technol-
ogy

Innovation
and learn-
ing

The sustainability value
of technology means how
good or bad a technology
is rated with respect to
environmental impact due
to its own production as
well as usage during life-
time and later on for dis-
posal.

If a new technology is be-
ing implemented, what is
the environmental sustain-
ability value of technology?
Can it, e.g., increase inter-
operability possibilities to
design more generic prod-
ucts/solutions?

Brown [3] provides insights
and rationale to evalu-
ate sustainability in tech-
nology for environmentally
sound innovation.

Product’s
intrinsic
value

Customer
perspective

This includes functionality
and quality attributes e.g.
usability, reliability etc, of
the product.

From environmental sus-
tainability perspective,
features and quality pro-
vided in the product has
to be balanced w.r.t.
resources used.

Byggeth [5] proposes a set
of guiding questions for
sustainable product devel-
opment.

4 Illustrative Usage Scenario

The following dialogue is a fictitious discussion between Daniel and Mick. It il-
lustrates the first steps of a usage scenario for a sustainability-driven application
as depicted in Fig. 1. Mick is a product manager in a big car manufacturing com-
pany that wants to develop a car-sharing platform. Daniel is a method consultant
from a well-established IT consulting company. They have already worked to-
gether in the past and generally get along well. The rich picture in Fig. 2 shows
the most important elements of the car sharing platform. There is a community
of users who can rent and share cars, there is a backend data base and there is
a business infrastructure with maintenance, administration, and management.
The speech bubbles indicate first starting points for the different aspects of sus-
tainability. They first name the sustainability aspect and then, in parentheses, an
exemplary respective value that can be considered for the car sharing platform.

Sustainability as Objective “The vice-president tells me that we need to
focus on sustainability for the development project of that new platform—so,
how do I do that?” Mick opens the discussion. “Well, that depends on the goals
you want to achieve with respect to sustainability.” Daniel is a consultant well
trained in first analyzing the problem and then developing a solution step by
step with his customers, Fig. 1 Step 1. Mick sighs internally: “That’s not much
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help—I don’t know what goals I can set for sustainability. I don’t even know of
a precise definition what they refer to when using the term. To me, it seems like
everybody has a different understanding of sustainability, so how can I come up
with concrete goals for such a diffuse concept?”
Daniel is not surprised about this statement and provides a starting point:
“Okay, I do agree that many people might have a different understanding of
what sustainability is, but luckily there are concrete definitions out there that we
can use to make the concept more tangible in your context, for example the one
given by Robert Goodland . . . ” and he quickly sketches the four dimensions of
sustainability (given in Sec. 2): human, social, economic, and environmen-
tal, Fig. 1 Step 2.
“I see . . . ” Mick acknowledges that it might be more than an abstract concept.
Daniel takes that as an offer to further guide his customer: “Sure, that is still
quite abstract, but it is the most general goal you can start with for that par-
ticular dimension of sustainability. From here on, we can refine the goal like
any abstract business goal your vice-president might come up with.” Mick is
still skeptical: “I’m curious how you want to turn that into goals applicable to
software-intensive systems development, but go ahead, we’ll give it a try.”
Daniel jumps up again to make more sketches on the whiteboard: “We can look



at that from the four different dimensions of sustainability.” He starts question-
ing: “What are current issues that need improvement? What are the values that
are important here? What do your users want?” Mick is a little surprised by that
question: “I guess they would want a good car sharing solution.” “That’s a start.
However, think about what values lie behind the need for a car sharing solution,
for example, the wish to save the costs for a car and the wish to do something for
the environment by saving energy?” “Good point”, says Mick, “How can I struc-
ture my thoughts when trying to tackle the sustainability aspects for my product
decisions and requirements elicitation?”
“I have that Software Value Map that gives a consolidated overview of common
values for software-intensive product development. I have used it with a number
of customers and it has proven sufficiently encompassing to be particularly help-
ful during analysis.” And he hands him a one-page introduction to the SVM as
provided in Sec. 2. Mick scans it quickly but then returns to the discussion at
hand: “Such a map is definitely useful for a start, but I need applicable guidance.”

Human Sustainability “Let’s first take a look at the human sustainability
dimension”, Daniel continues (Fig. 1, Step 3), “According to the value map, the
most important value that is relevant to be considered for human sustainability
is human capital value. Some of the metrics we can use to measure human
capital are the general satisfaction of people and their impression of how their
skills and knowledge develop over time. That would preserve human capital and
therefore support human sustainability. So, how can we improve these two?”
“Okay, I see. Let me think”, Mick picks up the thought, “User satisfaction de-
pends on various factors, for example, the service costs and a good feeling when
using the service. That’s an issue for both our interface designers, who optimize
the user interaction with the system and its services, and our economics guys,
who calculate the service prices.” “And service level agreements like a high avail-
ability of cars et cetera.” Daniel adds.
“Sure, and if we want to support the improvement of their set of skills and
knowledge, we could offer, for example, an education program at the time of reg-
istration. Could that be a start?” Mick asks. “Of course!” Daniel replies, “Most
of your users will be aware of the basics but you can still provide them with more
information on the specifics of your service and the impact on the environment.”
“Continuing that line of thought with knowledge and transparency,” Mick extends
the idea, “we can perform an online evaluation of statistics and how much energy
was saved in total, plus questionnaires that track even more, for example, which
other means of transport they use apart from car sharing, and every user can
optionally take part in that and gain knowledge on their individual statistics.”
“. . . and, thereby, offer to provide them with additional information, yes, good
idea.” Daniel agrees.
Mick starts taking notes on his To-Do template and scribbles facts here and there
frowning at the piece of paper that is turning quite illegible. Daniel watches for
a while and then proposes: “We have developed a template for this purpose that
we call Impact Evaluation Pattern—maybe you would like to make use of it?”
“Does that cost me extra?” grumbles Mick. “No”, shrugs Daniel, “it’s part of



the service.”
“Simply put the concept of Impact evaluation patterns was inspired by software
design patterns. In software engineering, a design pattern is a general reusable
solution to a commonly occurring problem software design. The same philosophy
can be used to identify Impact Evaluation Patterns in different decision-making
scenarios. An Impact evaluation pattern can be described as a generally reusable
solution for a commonly occurring decision-making challenge in a particular sce-
nario. For example, a product manager can use an Impact Evaluation Pattern
for initial screening from sustainability perspective to decide if a set of new re-
quirements should be selected for implementation in the product or not.”
On the second whiteboard in the room, Daniel sketches the template (Table 5,
Fig. 1 Step 4): “Here you can see the basic structure for documenting the impact
evaluation pattern—which is part of what we are discussing right now. I’ll keep
explaining it while we continue.”

Social Sustainability Mick settles for that for the moment: “Okay, let’s
continue with the social dimension. What have you got on your value map for
that?” “There are customer capital values and network externalities.
How is the relationship that you build with your customers? Are they loyal?”
“They like our cars, and once they had one their likelihood to buy the same brand
again is about 80%. I’m not sure though whether that applies to car sharing as
well. We could establish a bonus system for frequent users.” “Good! How about
network externalities?” “What is that supposed to be?”
“It means the amount of other users of the software product that are relevant to
the focal user. Applied to a car sharing service platform, we have to think about
incentives we can offer a user for spreading the word about our service and
making other people use it.” “Phew, you mean like family discount and stuff?
The problem is that we diminish our revenue, so the business analysts are always
reluctant to give such bonuses. However, we will find something.” “Alright, I’ll
put it on the list.”

Economic Sustainability “Then let’s talk about the economic dimension”,
says Daniel, “That’s the one you might already have sorted out the most. The
values are maintainability, innovation value of technology and in-
novation value for market, differential advantage, and business
agility.” “Yes, I guess we have elaborated on that for many hours.”
“Just what I thought, then why don’t we directly move on to the environmental
dimension? That was one selling point of your campaign draft, right?” “Yes, of
course”, agrees Mick.

Environmental Sustainability “Let’s see what your value list says”, Mick
continues, “Market requirements value, physical value with w.r.t.
cost, and so on. These first two are about resource saving, right? That would
increase the respective values.”
“Yes”, Daniel agrees, “one of your market requirements would be to have an
environmentally sustainable service, and you can consider various aspects for
that—transport, i.e., local procurement, digital communication, traveling, and
transport; then energy, i.e., energy used, and emission / CO2 from energy used;



waste, i.e., recycling and disposal; and materials, i.e., reusability, incorporated
energy, and resources. The other part of resources and potential ‘waste’ to be
considered are the working hours—on one hand spent in design and development
and on the other hand as ‘waste’ in terms of partially done work, extra features,
relearning, handoffs, task switching, delays, defects, etc.”
“That list is even longer than the one we calculated from—I will double check
that with our business analysts. For a start, the transport in our service refers
mainly to the vehicle availability. If there aren’t enough vehicles in a hot spot
area, the service personnel have to move the vehicles accordingly. We definitely
want to avoid that because it is costly in terms of emission and money. What is
it with the sustainability value of technology?” Mick inquires.
Daniel replies: “You are potentially decreasing emissions by decreasing traffic—
and I’m sure you will be able to find a lot more within an analysis of environ-
mental optimization potential. You also have to evaluate how the desired system
quality might affect the environment in a negative way, for example, by putting
a lot of cars out there to ensure availability, you make a considerable impact
again on the environment.” “True, we’ll have to perform an analysis on how
they contradict.”

Table 5. Impact evaluation pattern for sustainability aspects

Pattern Name Impact eval. on sustainability aspects pattern for a product manager
Intent and Motivation To perform a detailed value analysis with respect to sustainability.
Applicability Analyze features to include in a product w.r.t. sustainability
Value aspects Value aspects listed in Table 1-4
Impact evaluation criteria see http://www.bth.se/tek/aps/mkm.nsf/pages/softaware-value-map

Consequences //to be added when the pattern is put into actual use
Involved stakeholders Product manager, domain expert, sustainability expert,

process engineer, project manager

Impact Evaluation Pattern “Now we have a lot of scribbled notes on the
whiteboard—what you called Impact Evaluation Pattern earlier on.” Mick gets
back to the sketch on the whiteboard. “Yes.” Daniel emphasizes, “With the help
of such impact evaluation patterns, the company can have tremendous benefits.
An impact evaluation pattern presents a consolidated view of value aspects to be
considered while deciding with respect to sustainability. Furthermore, it provides
a common understanding and vocabulary, as well as acting as decision support
to assure no value aspect is unintentionally overlooked. And finally, it enables
a conscious impact evaluation (positive and/or negative) of relevant value as-
pects.” Mick likes decision support: “That’s good. And I can teach my staff to
use the guideline instead of trying to mentally infuse my experience into them,
as genuine experience cannot really be passed on.” “True”, Daniel adds, “and,
furthermore, we can define corresponding rubrics that help to evaluate that se-
lected measures, so you and your VP can see the direct impact.”
“Rubrics? What would be an example for that?” “For example, for human cap-
ital value, you can assess general satisfaction, time per year spent on contin-
ued education, and employee fluctuation.” “Okay, that makes it assessable for
management—for these metrics, we already have some kind of reporting, so I
know where to get the data from.” Daniel wraps up the discussion. “Alright, I

http://www.bth.se/tek/aps/mkm.nsf/pages/softaware-value-map


hope I could show you how you can use the value map to identify optimization
potential with respect to the different dimensions of sustainability.” “Yes, thanks,
I feel quite prepared now for the next meeting with the vice president.”

In the meeting with the vice president, Mick will realize Step 5 of the process
in Fig. 1: the vice president will take the decisions and Mick is responsible for
their implementation. The Impact Evaluation Patterns will be reused for the
assessment of Step 6.

5 Discussion: Transfer to Practice

The presented usage scenario is the first attempt to illustrate the approach and
can by no means substitute the evaluation in a sufficiently sized industrial case
study. The preparation of such a case study is under way, but as we are looking
for academic feedback in parallel we offer our concepts for early discussion.
We believe the approach is promising since its is based on a theoretically solid
and empirically evaluated Software Value Map. The Software Value Map and im-
pact evaluation pattern have been used in a case study at Ericsson for identifying
value aspects to be considered for requirements selection from different stake-
holders’ and they have been proven usable and useful. The industry practitioners
did not only verify the benefits of having a consolidated view of value compo-
nents, relevant for a particular Impact evaluation pattern, for decision-making;
they also found the Software Value Map a step towards common definitions and
understanding of value components enabling effective communication [20].
We expect to implement a similar case study for a sustainability analysis with
equally positive results.
One important issue for consideration are conflicts that arise between different
dimensions, as already mentioned in “Interrelationships” on p. 6. The explicit
catalogue of values provides means to identifying such conflicts. However, the
question of how such trade-offs can be solved while planning requires the pri-
oritisation of goals. Which dimension will be considered most important in our
future requires solutions in much broader terms than the approach at hand.

6 Summary and Future Work

In this paper, we have presented an approach to incorporate sustainability re-
lated value aspects while taking software product management decisions on the
project, product, or portfolio level. Its usage is illustrated in a scenario where
there is a dialogue between a consultant and a software product manager.
As a first effort to factor sustainability as primary aspect in value-based software
engineering, the approach still needs to evolve and be explored. The proposed
list of sustainability related value aspects is ready to use but not necessarily
comprehensive; value aspects and perspectives can be complemented as needed.
Our next step is to evaluate the approach in an industrial setting with adequate
complexity to gain resilient feedback on its application in practice.



Future work is to improve upon how the identified sustainability aspects should
be measured in industry.
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