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Abstract: Sustainability incorporation within the field of Software Engineering is an emerging re-
search area. Sustainability, from an academic perspective, has been addressed to a large extent.
However, when it comes to the software industry, the topic has not received much-needed attention.
Software, being designed and developed in the industry, can benefit society at large, if sustainability
is taken into account by the software professionals during the software design and development
process. To develop a sustainable software application, knowledge and awareness about sustain-
ability by professional software developers is one of the key elements. This study is an attempt to
examine sustainability knowledge, importance, and support from the perspective of South Asian
software professionals. Additionally, this study also proposes sustainability guidelines for certain
software applications and also a catalog for the identification of sustainability requirements for
different software applications. The queries such as ‘What does sustainability mean to a professional
software developer?’, ‘How does the software industry identify sustainability requirements?’, ‘How
do software developers incorporate the sustainability parameters within software during software
development?’, and many other such queries are addressed in this study. To achieve this goal, a
survey was carried out among 221 industry practitioners involved in software projects in various
application domains such as banking, finance, and management applications. The results pinpoint
that even though sustainability is deemed important by 91% of practitioners, still there is a lack of
understanding regarding sustainability incorporation in software development. A total of 48% of
professionals often misunderstand “Green software” as “sustainable software”. The technical aspect
of sustainability is considered most important by professionals (67%) as well as companies (77%).
One of the key findings of this study is that 92% of software practitioners are not able to identify
sustainability requirements for software applications. The outcomes of the study may be regarded
as an initial attempt towards how sustainability is comprehended in software by the South Asian
software industry.

Keywords: sustainability; software sustainability; software practitioners; software design; sustain-
ability guidelines; sustainability catalog

1. Introduction

Sustainability has emerged as a grand challenge for societies around the globe because
of its pervasive nature [1]. It stands on five pillars, namely: Environmental, Social, Eco-
nomic, Technical, and Individual [2,3]. The exponential increase in the development of
software applications and human dependencies for day-to-day routine tasks through au-
tomation have brought forward sustainability as one of the most persistent apprehensions
in the field of Software Engineering (SE) [4,5].
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The SE research community over the last decade has made efforts to incorporate sus-
tainability in software design and development [6]. Although these efforts are a step in the
right direction, they are insufficient because there is a lack of acceptance and support from
the software industry [7]. The software industry is quite passive towards sustainability
incorporation [8]. One of the fundamental reasons behind the passive approach of the
software industry towards sustainability could be its lack of clear understanding and avail-
ability of methods to incorporate sustainability during the course of software development.
This insufficient understanding of sustainability and unavailability of detailed guidelines
of its incorporation may prevent software professionals from effectively addressing sus-
tainability during software application development. Given the extent to which software
applications facilitate numerous aspects of our daily lives today, society may benefit at
large from software applications when sustainability is taken into consideration during
their design and development. Thus, industry professionals need concrete guidance for the
effective integration of sustainability in software systems [9].

Additionally, identification of sustainability requirements for a software is also chal-
lenging for the practitioners as there are a plethora of software applications available in
the market, having different features and configurations. Therefore, not all software ap-
plications can be made sustainable in a similar fashion. Different software may require
different parameters for sustainability. For example, a software application that allows
printing documents may provide its user notifications or recommendations to take prints
in gray-scale whenever the application detects a monotone printer, thus reducing carbon
emissions during printing. A location-based software application should consider fuel
saving options. Thus, there is a need for further discussion on the explicit identification
of sustainability requirements for different software applications [10,11]. Evidently, the
current SE practices do not provide explicit support for all sustainability apprehensions as
the support for quality, safety, and security is available [3]. Even though sustainability has
been reckoned as a nonfunctional requirement [8,12,13], still the standard software quality
models do not offer sufficient provision for sustainability requirements and apprehensions.
The scientific literature suggests the need for further discussion on the understanding and
identification of sustainability requirements [10,14].

Because sustainability is a global issue, it must be tackled at the same level. If we wish
to effectively address sustainability in the software development process, we must first
understand how the software industry in different parts of the world views sustainability.
Researchers have undertaken surveys in various parts of the world, including developed
countries, such as the United Kingdom and Austria, to investigate software professionals’
awareness and knowledge of sustainability. However, such exploratory investigations are
still needed in the developing countries, specially in South Asian countries. To the best of
our knowledge, no study has been performed in the South Asian region that examined
professionals’ ability for identifying sustainability requirements or their understanding of
sustainability. Therefore, with this viewpoint in this exploratory study, we identified the
understanding of software professionals about sustainability by conducting a qualitative
survey. The participants of this survey study were from the software industry with a total
of 221 professionals. The geo-location of the software professionals was from the South
Asia region with a major portion being Pakistani nationals. We hope to expand this study
in two ways in the future: First by increasing the number of survey participants and adding
additional data sources such as interviews to better understand experts’ perspectives on
sustainability and its requirements. Second, by extending the number of case studies in
order to develop a software prototype capable of suggesting sustainability requirements or
guidelines for different kinds of software applications.

The key research question addressed in this study is: How is sustainability com-
prehended by software professionals? The study also attempted to examine software
professionals’ ability in identifying sustainability requirements. Additionally, a catalog for
sustainability has also been proposed in this study that can be used for the identification of
sustainability requirements for different software applications. The usage of the catalog has
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been exemplified using two case studies. Consequently, the proposed catalog can provide
a foundation for developing a prototype that can assist professionals in the identification
of sustainability requirements for different types of software applications. The survey
results corroborate findings from prior studies such as [14–16] discussed in Table 1. Sus-
tainability in the context of SE is found to be a relatively new topic. Professionals may not
fully comprehend sustainability, but they recognize its significance. Experts’ frequently
confuse sustainable software with Green Software. The experts’ priority is technical sus-
tainability. According to one of the study’s distinctive findings, professionals are unable to
appropriately identify sustainability requirements for software applications at hand.

Table 1. The literature Summary of existing studies about software sustainability.

Ref Research Study Research Description Geo-Location

[14]

Research Type:
Qualitative
Research Instrument:
Questionnaire
Sample Category
Industry
Sample Size:
97

Purpose:
Industry awareness about
sustainable Software Engineering.
Target Audience:
Brazilian software practitioners.
Dimension:
Technical, Social, Environmental,
and Economic.
Sustainability
Guidelines/Requirements:
N/A

Brazil

[17]

Research Type:
Quantitative
Research Instrument:
Questionnaire
Sample Category
Industry and Academia
Sample Size:
108

Purpose:
Identification of challenges in Green
and sustainable software
development.
Target Audience:
Not solely affiliated with the IT
industry.
Dimension:
Environmental.
Sustainability
Guidelines/Requirements:
N/A

Multiple
countries
including
Pakistan

[18]

Research Type:
Quantitative and
Qualitative
Research Instrument:
Questionnaire and
Document Analysis
Sample Category
Academia
Sample Size:
144

Purpose:
Sustainability awareness in Higher
Education Institute (HEI) students.
Target Audience:
University students affiliated with IT
(Information Technology), Computer
Science, and Software Engineering.
Dimension:
Environmental, Social, and
Economic
Sustainability
Guidelines/Requirements:
N/A

Pakistan
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Table 1. Cont.

Ref Research Study Research Description Geo-Location

[19]

Research Type:
Quantitative
Research Instrument:
Questionnaire
Sample Category
General Public
Sample Size:
906

Purpose:
Awareness of software sustainability
dimensions and their characteristics.
Target Audience:
Saudi Arabian Software Users.
Dimension:
Technical, Social, Environmental,
Economic, and Political.
Sustainability
Guidelines/Requirements:
N/A

Saudi Arabia

[20]

Research Type:
Quantitative
Research Instrument:
Questionnaire
Sample Category
General Public.
Sample Size:
906

Purpose:
Understanding user perspective of
software sustainability.
Target Audience:
Citizens of Saudi Arabia.
Dimension:
Technical, Social, Environmental,
Economic, and Political.
Sustainability
Guidelines/Requirements:
N/A

Saudi Arabia

[21]

Research Type:
Quantitative
Research Instrument:
Questionnaire
Sample Category
General public and
Organizations
Sample Size:
500

Purpose:
Awareness relating to sustainable
development goals.
Target Audience:
General public and employees.
Dimension:
Sustainable Development Goals
Sustainability
Guidelines/Requirements:
N/A

Pakistan

[22]

Research Type:
Quantitative and
qualitative
Research Instrument:
Questionnaire and
interviews
Sample Category
Industry
Sample Size:
464 + 18

Purpose:
Professionals’ perception of energy
consumption during SDLC
Target Audience:
Professionals (ABB, Google, IBM,
and Microsoft).
Dimension:
Environmental
Sustainability
Guidelines/Requirements:
N/A

Unknown

[23]

Research Type:
Quantitative and
Qualitative
Research Instrument:
Questionnaire and
Interviews
Sample Category
Industry
Sample Size:
122

Purpose:
Programmers’ awareness of software
energy consumption.
Target Audience:
Developers
Dimension:
Environmental
Sustainability
Guidelines/Requirements:
N/A

Unknown
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Table 1. Cont.

Ref Research Study Research Description Geo-Location

[15]

Research Type:
Qualitative
Research Instrument:
Interviews
Sample Category
Industry
Sample Size:
10

Purpose:
Understanding software
sustainability adaptation in practice.
Target Audience:
Software Project Team Leads
(9 companies).
Dimension:
Environmental, Social, Economic,
Technical, and Individual.
Sustainability
Guidelines/Requirements:
N/A

Austria

[24]

Research Type:
Quantitative
Research Instrument:
Questionnaire
Sample Category
Industry
Sample Size:
53

Purpose:
Energy-related impact of quality to
develop environmentally sustainable
software.
Target Audience:
Software Professionals (7 separate
companies).
Dimension:
Environmental.
Sustainability
Guidelines/Requirements:
N/A

Turkey

[25]

Research Type:
Mixed-Method
Research Instrument:
Questionnaire,
Interview, and
Contextual Inquiry
Sample Category
Canteen Sector
(End-users of a decision
support system (DSS))
Sample Size:
60 + 18 + 1

Purpose:
Sustainability requirements and
positive enabling effects of software
on environmental sustainability.
Target Audience:
Meal Planners
Dimension:
Environmental
Sustainability
Guidelines/Requirements:
Sustainability
Guidelines/Requirements:
Elicitation and comparison between
traditional and sustainability
requirements in the context of
positive enabling effects for a
canteen DSS.

Unknown

[16]

Research Type:
Qualitative
Research Instrument:
Questionnaire
Sample Category
Industry
Sample Size:
25

Purpose:
Practitioners’ views of sustainable
practices.
Target Audience:
Software Engineers
Dimension:
Environmental, Economic, Social,
and Technical
Sustainability
Guidelines/Requirements:
N/A

Brazil
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Table 1. Cont.

Ref Research Study Research Description Geo-Location

[26]

Research Type:
Qualitative
Research Instrument:
Interviews
Sample Category
Industry
Sample Size:
98

Purpose:
Recommendations for improving
sustainability from developers’ view.
Target Audience:
Research Software Engineers
Dimension:
Not stated/given
Sustainability
Guidelines/Requirements:
Developer-defined
recommendations are provided for
research software only.

United
Kingdom

Figure 1 reports the conceptual framework adopted for this exploratory research
study. Initially, the literature was reviewed in-depth to discover norms that were followed
and gaps in previous studies, followed by focus group discussions with domain experts
and software professionals. This contributed to the discovery of a gap in the literature.
Following that, a questionnaire was designed based on the observed need and refined
through group discussions. Then, before the official survey, a pilot test was undertaken
to fine-tune the questionnaire. Next, the official survey was conducted, after which the
results of the survey were examined, and the most important findings were noted. Survey
findings confirmed the gap identified in the literature. One of the survey’s noteworthy
findings was the difficulty in determining sustainability requirements; to combat this, a
catalog was proposed and demonstrated through two case studies.

The rest of the paper’s organization is as follows. The existing studies about software
sustainability are discussed in Section 2. The survey conducted to explore sustainability
understanding, importance, and support among practitioners is discussed in Section 3. The
key observations of this study are presented in Section 4. Furthermore, the catalog and
guidelines for sustainability-related requirements are discussed in Section 5. Challenges
and threats to the validity of the study are discussed in Section 6. Finally, conclusions are
drawn in Section 7.

Figure 1. Conceptual framework for exploratory research study.

2. The Existing Studies

Several empirical studies have been conducted to understand and address sustainabil-
ity and its related issues in software development. The existing studies available in the
literature are summarized in Table 1.
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The Existing Studies Summary and Gap Identification

The researchers in [14] ran a study that focused on software industry comprehension
of sustainability. The study’s data set was limited to only Brazil. The authors did not
address the issue of sustainability requirements or guidelines as part of the study. The
purpose of the industry survey conducted in [17] was to identify problems and challenges
in the development of Green and sustainable software. The survey’s target demographic
was broad (not solely affiliated with the software industry). The survey sample replies came
from several different offshore countries. The research did not include any sustainability
recommendations or guidelines. A quantitative study conducted in [21] observed the
public and organizational understanding of sustainable development goals. The focus
of the study was not the IT industry. This study also did not include any sustainability
recommendations or guidelines. The study in [25] focused on changes that occur in system
requirements when they are viewed through the sustainability lens. The authors elicited
system requirements from meal planners about positive enabling effects concerning en-
vironmental sustainability. The study did not provide any specific sustainability criteria;
rather, it presented a comparison of a system’s traditional requirements and sustainability
requirements. An interview study in [26] explored the ways to improve software system’s
sustainability from a developer’s perspective. The study did include recommendations for
improving sustainability, but these were exclusively for research software. An exploratory
empirical study presented in [20] focused on four scales—beliefs, intention, attitude, and
perceptions—about adopting sustainable software. The study examined software sus-
tainability from the perspective of users in the Kingdom of Saudi Arabia (KSA). It also
addressed important obstacles to the development of sustainable software, such as a lack
of knowledge and the difficulty in identifying sustainable software. The audience of the
survey conducted as part of the study were all end-users from KSA, no sustainability guide-
lines were proposed in this study. Another empirical research carried out in [22] examined
how professionals approached energy when they defined requirements, developed the
software, tested it, and managed it. The participants of the study were from Google, IBM,
Microsoft, and ABB.

Apart from empirical studies, systematic mapping studies (SMS) and systematic
literature reviews (SLR) exploring sustainability in the context of software engineering
have also been published. An SMS conducted by [27] on Green and sustainable SE discusses
the need for better alignment between the research and practice within the SE domain.
Another study presented by [10] suggests a lack of understanding of software sustainability
among academia and industry. Additionally, the study conducted in [28] identifies the
need of conducting research in developing countries about software sustainability.

Given the existing studies and to the best of our knowledge, currently, no qualitative
study concerning sustainability comprehension and sustainability requirements has been
conducted that focuses on the emerging South Asian countries, for instance, the Pakistani
software industry. In addition, this study also recommends guidelines for sustainability
incorporation in software during its design through a catalog. That is to say, sustainability
requirements are suggested for two software applications as case studies for this research
study. In addition to sustainability, there has been much research carried out in the SE
domain related to prioritization techniques in software requirements [29], attack detection
in software defined networks [30], and software defect prediction [31].

3. Sustainability Practitioners’ Perspective

The research conducted a qualitative survey and collected the viewpoints of industry
practitioners’ about sustainability concerning software design and development and how
it is being addressed in practice.

3.1. Study Aim and Research Objectives

The aim of this study was to identify how sustainability is perceived among soft-
ware professionals, particularly in the South Asian region. This aim led to the following
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three Research Objectives: (RO) 1. Investigate Knowledge. 2. Investigate Importance. 3.
Investigate support of sustainability.To achieve each of the three research objectives, six
research questions (RQ) were designed which were further transformed in the form of a
questionnaire. Figure 2 shows the overall survey methodology and the mapping of six
research questions with three research objectives.

Figure 2. Survey Methodology.

3.2. Research Questions

A total of six research questions (RQ) were designed in this study, each of which was
mapped according to the research objectives (RO).

3.2.1. RO 1: Investigate Knowledge

RQ 1: What does sustainability and software sustainability mean to professionals?
The question examines the software practitioners’ overall knowledge regarding the

concept of sustainability and software sustainability along with its dimensions.
RQ 2: Can professionals identify sustainability requirements for software applications?
The goal was to investigate whether the industry practitioners could identify sustain-

ability requirements within a certain software application provided to them.

3.2.2. RO 2: Investigate Importance

RQ 3: How important is software sustainability to the professionals?
This RQ aimed at exploring the level of extent to which the practitioners considered

software sustainability as an important aspect.
RQ 4: Is the trade-off between software cost and software sustainability justified?
The goal was to discover justifications and viewpoints on whether software profes-

sionals favor the increase in software cost concerning sustainability incorporation in the
software systems.

3.2.3. RO 3: Investigate Support/Organizational Support

RQ 5: Is sustainability supported by software organizations? Which aspects of sustain-
ability are being addressed in practice?

These questions identify whether or not the organizations provide support for software
sustainability and which aspect of sustainability is considered by organizations during
software development.

RQ 6: How is software sustainability supported during the design of software
applications?
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This research question identifies if there are any models/tools/guidelines used in
practice to engineer software sustainability during the software development process.

3.3. Survey Design

This section contains details concerning the planning, execution, and reporting of the
conducted survey.

3.3.1. Protocol

The survey was planned, executed, and reported using the methodology proposed
in Kasunic [32] and the principles of survey research by Kitchenham and Pfleeger [33–38].
This qualitative exploratory study applied nonprobabilistic sampling. Two of the nonprob-
abilistic sampling methods, namely convenience and snowball sampling [37], were utilized
to collect a sizable sample and to overcome the weaknesses of each type when used alone.
The initial group of participants was selected based on convenience sampling. Because the
goal was to learn about as many perspectives as possible, the initial set of participants was
progressively expanded by adding people based on suggestions from current participants
until the theoretical saturation was reached. This means that additional responses are only
marginally (if at all) useful once no new information is obtained from them. Snowball
sampling made it possible for us to find practitioners from various channels, having diverse
positions, and ranging in seniority. The target population of this survey was software pro-
fessionals working in the South Asia region of the world, the majority of the respondents
belonged to Pakistan.

3.3.2. Questionnaire

For the self-administered questionnaire, we designed it to understand the industry pro-
fessionals’ standpoint on sustainability. We identified five information groups (categories).
The categories are: participants categorization, organization categorization, research ob-
jective 1 (sustainability knowledge), research objective 2 (sustainability importance), and
research objective 3 (sustainability support). Each category is described below.

1. Participants Categorization: The goal of this category was to investigate the partici-
pant profile, which included information such as gender, name, age, level of education,
and professional experience.

2. Organization Categorization: This category looked into the companies’ demograph-
ics including sector, type of organization, certifications, and the role played by partici-
pants inside the company.

3. Research Objective 1 (sustainability knowledge): The purpose of this category was
to examine the respondent’s understanding of sustainability along its dimensions in
general as well as of sustainability in relation to software. We also examined respon-
dents’ ability to identify sustainability requirements. Moreover, how the respondent
felt about adopting sustainability as a quality feature was also examined.

4. Research Objective 2 (sustainability importance): This category was intended to
learn about how significant sustainability is in the eyes of professionals when it comes
to software design and development.

5. Research Objective 3 (sustainability support): This category was intended to look
into how the respondent’s employer develops software and to determine which and
to what extent sustainability aspects are considered during software development.

The questionnaire contained a combination of open-ended and closed-ended ques-
tions. Though the majority of the questions were close-ended, however, there were some
open questions that inquired about sustainability support, sustainability requirements,
certification types, and sustainability models/techniques/tools used in current software
development practices. In addition, some follow-up questions are part of the question-
naire, which were prompted to the participants based on their responses to previously
answered questions. For instance, if the respondent signaled that they could identify
sustainability requirements for a software application, then they were asked to state such
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requirements. The questionnaire was built using SurveyMonkey (Survey Questionnaire
Link: https://www.surveymonkey.com/r/D9RNB3L, accessed on 7 January 2022). The
survey remained active from 15th August 2021 to 14th September 2021 in collecting re-
sponses. The URL to access it was sent through email, social media, and WhatsApp to the
participants.

The Inclusion-Exclusion Criteria: A total of 221 responses were collected. The com-
pletion rate of the questionnaire was 83% because some questions involved skip logic
and some unfinished responses were collected. To maintain the quality of the survey,
the received responses were validated. The validation process was scrutinized, a final of
201 responses were analyzed, and 10 responses were discarded due to nonconformity with
the quality criteria set by the authors.

Quality Criteria (Inclusion):

• Questionnaire must be completely filled.
• The respondent must be working as a software professional in the South Asian region.

Quality Criteria (Exclusion):

• Incomplete questionnaire.
• For instance, individuals working as human resource managers and those working in

the educational field as research assistants, students, and teachers.

The received responses reflect a similar success rate in response collection for this
study as has been observed in the study [39]. Table 2 presents the key statistics of the
conducted survey.

Table 2. Survey responses’ statistics.

Total
Responses

Incomplete
Responses

Completed
Responses

Valid
Responses

Average
Response
Time in
Minutes

Responses
Completion

Rate

221 10 211 201 15 83%

To extract unbiased opinions, the participants were not given any prior knowledge of
sustainability or software sustainability concepts. Furthermore, to avoid evaluation stress,
participants were notified regarding the purpose of the study and were assured about the
privacy and confidentiality of the data.

3.3.3. Survey Response Analysis

The strategy used to analyze the responses to the question is discussed below.

1. For close-ended questions that allowed multiple responses, the aggregate of percent-
ages was above 100%;

2. For closed questions that accepted a single outcome, the percentages were calculated
based on the response chosen;

3. Coding strategy was applied to open questions that inquired about sustainability
measures in practice, software tools supporting sustainability, and organization cer-
tification types. Two of the authors coded the replies and compared their results to
come up with a single coding scheme;

4. For the open-ended question that explored sustainability requirements regarding
particular software applications, we included extracts from the qualitative replies.
Each extract is tagged with a unique identifier to distinguish it from the rest. For
instance, [*1] signifies the first extract.

3.4. Results of Survey

The received responses for the considered study are described in the following section.

https://www.surveymonkey.com/r/D9RNB3L
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3.4.1. Participants’ Demographics

The participants’ responses were examined based on age, level of education, and pro-
fessional experience to draw their profiles. Table 3 gives an overview of the demographics
of the survey participants. Participants in the study ranged in age from 18 to 44, with
men making up the majority. The survey’s target audience’s work history was also noted.
The work experience of the participants shown in Table 3 represents their professional
experience in Pakistan. The professional experience of participants shows that they worked
in several different countries. In total, 99 professionals who had solely worked in Pakistan
participated in the study, compared with 102 individuals who had both domestic and
international job experience. For instance, there were 40 professionals who had fewer than
a year experience of working abroad, while 36 professionals had one to three years of
experience. A total of 13 participants had foreign experience of between four and six years
and 7 had seven to ten years of experience. Finally, 6 professionals had more than 10 years
of international work experience.

Table 3. Independent variables of software professionals (participants).

S. No Parameter Classification Sample Size

1 Age in years

18 to 24 39
25 to 34 137
35 to 44 25

2 Gender
Male 157

Female 44

3 Experience in years

Less than 1 23
1 to 3 48
4 to 6 64

7 to 10 45
Above 10 21

4 Education
Graduate 149

Postgraduate 52

Figure 3 reports the respondents’ roles (job responsibilities) in the organization. It is
observed in Figure 3 that 7.46% of the participants work as project managers, 4.47% are
employed as software designers, 59.20% as a software developers, 10.94% as consultants,
1.49% as a system analysts, 0.99% as database administrators, 0.99% as business analysts,
and 1.99% as requirement engineers. The remaining 14.92% of respondents specified their
job title as one of the following: requirement engineer, trainee software engineer, senior QA
engineer, web designer, solution architect, graphics designer, software architect, DevOps
engineer, software engineer, web developer, technical lead, and user interface developer.

3.4.2. Organizations’ Demographics

The organization type was also analyzed to obtain in-depth knowledge about the
participants in this qualitative survey. The type of organizations to which the participants
belonged are reported in Table 4. It is observed that the majority of the survey partici-
pants were employed in purely software-related companies, while other participants were
working in companies operating in domains such as banking, telecommunication, and
e-commerce. In terms of official software-related certifications, 37.81% of the population
reported that the company does not have any such certification. A total of 45.7% were not
sure if their employer company had some certification policy. However, 16.4% responded
that their company does have some of the following certifications: ISO 9001:2015, ISO/IEC
27001:2013, CMMI-DEV V1.3 Level 3, PCI DSS, and CMMI level 3 and level 5.
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Figure 3. Roles of Software Professionals (Participants).

Table 4. Independent variables (organizations’).

S. No Parameter Classification Sample Size

1 Organization Sector
Public 30
Private 171

2 Organization Type

Startup 24
Consulting Company 21

Software House 131
Educational Institution 5

Others 20

3 Certifications

None 76
Not Known 92

Certified 33

3.4.3. Research Questions Responses

The collected responses according to the research questions (RQ) laid at the beginning
of the survey mapped with research objectives (RO) are explained in the subsequent
sections.

RO 1: Investigate Knowledge

RQ1: What does sustainability and software sustainability mean to professionals?
The objective of this question was to investigate respondents’ awareness and level

of understanding of sustainability in general and in the context of software engineering.
Initially, to examine the respondents’ awareness, we simply asked them if they were
familiar with the term ’sustainability’. Results show that 81% were acquainted with it
while 19% never heard of the term sustainability. Secondly, they were queried regarding
their awareness of sustainability dimensions. Respondents were allowed to select multiple
options among the five (Environmental, Economic, Social, Technical, and Individual) which
they considered to be sustainability dimensions. Responses to this question reported
that 63% were aware of the Technical dimension, followed by 61% Environmental, 58%
Economic, 42% Social, and 17% Individual.

Respondents were also inquired to self-examine their knowledge regarding software
sustainability in terms of software design and development. Figure 4 shows that 6% claimed
high knowledge of software sustainability, 29% considered their knowledge at a medium
level, and 48% assessed themselves as having low knowledge, while 16% considered that
they had no knowledge of it.
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Figure 4. Participants’ self-examination of sustainability (N = 201).

Additionally, a survey questionnaire queried about the comprehension of sustainable
and Green software. A total of 48% of respondents considered Green and sustainable
software to be the same. However, 24% were opposed to this consideration and 28% could
not comprehend whether being Green and sustainable is the same or not.

Furthermore, the respondents were queried about whether they consider sustainability
a quality attribute as a nonfunctional requirement. It was observed that 72% agreed to
sustainability being a quality attribute (nonfunctional requirement) in software systems,
and 14% were against this opinion. The remaining 14% could not decide whether or not it
should be considered a nonfunctional requirement.

RQ 2: Can professionals identify sustainability requirements for software
applications?

Aligned with the previous RQ, the goal of this question was to discover whether or
not software practitioners can identify sustainability requirements in software applications.
Therefore, respondents were questioned initially if they could identify the sustainability
requirements. Consequently, those who responded positively were asked to jot down
sustainability requirements for Microsoft Word. In total, 48% refuted that they could not
identify sustainability requirements, and 44% were dubious in this regard. The remaining
8% replied positively. Figure 5 reports the responses collected.

As a follow-up question, 8% and 44% were requested to set down the sustainability
requirements for Microsoft Word. However, the response was quite discouraging as only
1% came up with the answer. The excerpts from their answers are stated as follows.

[*1] “CLOUD STORAGE: Microsoft Word offers you to store your files on One Drive,
this is a very important aspect in terms of sustainability of the software because that is the
future of how we will be creating, reading, editing, and saving the documents. PORTA-
BILITY: Microsoft Word offers you to export the document to other formats like PDF.” [*2]
“Optimize builds for speed—Optimize unit tests and integration tests for speed—Enforce
policies to cycle down development machines to power saving state when idle—Get some
percentage of energy iced from renewable energy to offset environmental pact—Encourage
online downloads for distribution—Continue supporting older hardware as long as possible
to keep those machines usable and prevent those from ending up in landfills”. According
to [*1], one of the pioneering advancements in the direction of sustainability is cloud stor-
age. Definitely, cloud storage capability paves the way for new methods of storing and
retrieving data. At the same time, software that supports cloud functionalities consumes
more energy than its traditional counterparts. It is implied from the excerpt that there’s
a misunderstanding about what ‘sustainable’ implies in software and what impact cloud
support has on software’s energy consumption. Conferring to [*2], the emphasis is on
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energy-aware practices that should be followed during software development (coding)
techniques. This sample confirms that practitioners are more interested in the Green side
of sustainability, implying that they regard Green software to be sustainable software.
However, sustainability entails more than just being environmentally friendly.

Figure 5. Participants’ identification of sustainability requirements (N = 201).

RO 2: Investigate Importance

RQ 3: How important is software sustainability to professionals?
The goal was to know how significant sustainability was to software practitioners.

A total of 91% agreed that sustainability should be taken into account during software
production, 4% ruled against this view, while 5% could not decide. Furthermore, they were
asked to prioritize sustainability dimensions based on their importance with respect to the
design and development of software systems. The feedback obtained (multiple selections)
is shown in Figure 6.

RQ 4: Is the trade-off between software cost and software sustainability justified?
Given RQ4, respondents were queried if the trade-off between software cost and

sustainability support was justified in their opinion. A total of 83% responded in support,
12% answered against it, and the remaining 5% could not evaluate it.

RO 3: Investigate Support

RQ 5: Is sustainability supported by software organizations and which aspects of
sustainability are being addressed in practice?

To investigate organizational support for sustainability, survey participants were
initially queried if their employing organization provided explicit support for sustainability
considerations during the software development process. A total of 51.58% of participants
responded as ‘Yes’, 18.42% negated it, and 30% were doubtful. The respondents who replied
‘Yes’ were further queried regarding the dimensions based on priority by their employing
organization in practice as shown in Figure 7. That is, which aspect of sustainability
is provided support for by the organizations during software production. Participants
were permitted to choose multiple dimensions in this question due to which the sum of
percentages could exceed 100%.
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Figure 6. Participants’ viewpoint about sustainability importance (N = 192).

Figure 7. Participants’ organizational level for sustainability dimensions (N = 91) (N = 201).

RQ 6: How is software sustainability supported during the design of software
applications?

To explore how software sustainability is supported in the software industry, the
professionals were queried about the tools/methods/techniques available in their re-
spective organizations to incorporate sustainability. A total of 59 participants specified
tools/methods/techniques used in their respective organizations. Some professionals
responded their companies use LTS (long-term Support) for extending maintainability
and promoting the dependability of the software. One respondent indicated that his/her
company utilizes GRI (Global Reporting Initiative) Sustainability Reporting Guidelines to
understand and report the impacts of software development on people, the environment,
and the economy. Some respondents stated the use of agile methodologies such as SAFe
(The Scaled Agile Framework) to develop and deliver software systems in the shortest and
most sustainable lead time. Others asserted that they employed the SPRING framework
for developing software applications in a secure and fast-paced manner. While some
respondents indicated that their companies do contribute towards sustainability through
cost management and encouraging remote-based work, they did not explicitly state the
tools/methods/techniques being used.
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Moreover, survey participants were further questioned if they were aware of any
software capable of proposing sustainability requirements for different kinds of software
applications. In all, 30% stated unavailability of such software, and 18% responded in
favor of software availability. The remaining 52% were doubtful if there was some software
system available that could recommend sustainability requirements. Additionally, we asked
the respondents who were positive about software availability to name such software. This
was an open-ended question and responses reported were: JIRA, Benchmarks Software
(such as 3D mark, AIDA64 Extreme, Everest), Quentic, Cisco CEMS software, Cority
(Integrated Sustainability Software), Confluence, Clubhouse, D365 ERP Solution, and
IntelliJ IDEA. The responses indicated that practitioners relate CRM applications, integrated
software management solutions, and project management and collaboration tools with
sustainability, However, the results also point to the fact that practitioners are unaware
of specific tools that support sustainability in software systems. The participants were
probed if it would be beneficial to have a software system that suggests sustainability
requirements for different kinds of software applications. A total of 61% voted in favor,
36% were doubtful, and the remaining 4% were against.

4. Survey Observations

The following are the research implications that surfaced from this exploratory study.

• Sustainable SE field is still in its immaturity.
The Sustainable SE field is still emerging. The software industry continues to see
sustainability as a secondary concern. Although the practitioner community is aware
of the concept of sustainability and its dimensions in general, they lack the understand-
ing of sustainability in relation to software. Therefore, the software industry needs to
be familiarized with it so that software designers and developers take sustainability
into account during the software design and development process.

• Sustainability is important.
Even though professionals possess a limited understanding of sustainability in the
context of software design and development, they still consider it important and
beneficial.

• Sustainability is not just Green.
Software practitioners misunderstand sustainable software with Green software. Being
Green is one aspect of being sustainable but sustainability is beyond Green. Practition-
ers need to consider the impacts of software systems on all sustainability dimensions
rather than just focusing on environmental effects.

• Technical sustainability takes priority.
The concept of sustainability stands on five pillars, namely: Environmental, Social,
Economic, Technical, and Individual. All of these dimensions are equally significant,
but in industry the technical aspect of sustainability is given the most weight.

• Sustainability requirements are challenging.
Because professionals lack the understanding and expertise to integrate sustainability
in relation to the software, they are unable to accurately identify the sustainability
requirements for software systems.

• Trade-off between sustainability and software cost is justified.
Practitioners believe that increasing software costs is justified in order to incorporate
sustainability into software systems.

• Sustainability incorporation tools would be beneficial.
The implementation of sustainability is not generally known among software profes-
sionals. They link traditional software development frameworks, processes, and tools
to sustainability. However, the majority of experts agree that it would be extremely
beneficial if there were software tools that might help with sustainability incorporation,
particularly sustainability requirement identification.



Sustainability 2022, 14, 8596 17 of 23

5. Sustainability Incorporation during Software Design

The SE research community has long recognized the significance of sustainability and
has put great attention into including it in the software development life cycle. The industry,
on the other hand, lacks both an understanding and awareness of sustainability, as well as
the ability to put it into practice. Consequently, sustainability is still immature in the soft-
ware industry. There are several other factors behind this immaturity of sustainability in the
software industry. Firstly, academic initiatives are not efficiently transferred to the industry.
Secondly, industry professionals focus primarily on software release to the market, thus
lacking an effective grasp of and identification of requirements related to software system
sustainability [40]. Thirdly, the research community has offered frameworks, catalogs, or
methodologies for integrating sustainability into SE, but most of these are at a high degree
of abstraction or limited in scope.

Another stumbling block to effective adoption is the lack of practical guidelines for
incorporating sustainability into software design and development [41]. As a result, it
continues to lead sustainability down an ambiguous path. Only if practitioners are aware
and understand how sustainability is injected into software systems during design and
development can they engineer sustainability effectively.

The study in [42] presented a design manifesto that contains a set of nine principles for
the sustainable design of software systems. Based on the Karlskrona design manifesto, the
research in [9] offered a sustainability catalog and framework for software system design.
The study exemplified the use of the catalog through four case studies and suggested
sustainability guidelines for software systems under consideration. The catalog in the study
was split into two sections. The first part concentrated on the Karlskrona design manifesto
based derivation and application of sustainability goals, while the second part focused on
the direct, indirect, and systemic effects of software on the five dimensions of sustainability.
By definition, ‘[Green and Sustainable Software] is software, whose direct and indirect
negative impacts on economy, society, human beings, and environment that result from
development, deployment, and usage of the software are minimal and/or which has a
positive effect on sustainable development’ [43]. Therefore, designing sustainable software
necessitates taking into account the direct, indirect, and systemic implications that software
has on all the sustainability dimensions. This implies that software effects can be used to
effectively drive and advance sustainability goals.

Another research study [44] conducted a case study examination of web-based per-
sonal health record systems to look at environmental sustainability recommendations
related to energy efficiency for the development of software systems. The focus of this
research was solely on the environment, with sustainability recommendations mostly cen-
tered on the power consumption of health record systems. The research in [45] describes
a study that resulted in a set of software architecture principles intended to help with
sustainability-driven design and monitoring. The framework given focuses on the aviation
industry in particular. Because there are so many software applications in the market
with different functionality and features, and since software applications serve different
application domains and hence have varied architectures, not all of them can be made
sustainable in the same way. Therefore, more research is needed to propose goals and
guidelines or requirements for making sustainable software.

During the survey, when the practitioners were required to jot down sustainability-
related requirements for Microsoft Word, the majority of them could not identify the
requirements. The respondents’ responses thus confirm the fact that sustainability re-
quirement identification is a challenge for software professionals. This study analyzed
the participant’s responses as well as investigated the scientific literature. The study also
proposed a catalog for incorporation of sustainability within software during their design.

5.1. Catalog for Sustainability Guidelines

This section describes the sustainability catalog for sustainable software design (SC-
SSD). This catalog can be used to incorporate sustainability into the design of software sys-
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tems. SCSSD will assist software practitioners including requirement engineers, designers,
and developers in determining how software systems can be designed with sustainability
at the forefront. Figure 8 presents SCSSD and the following is the description of how
SCSSD works:

1. Select any software system that needs to be analyzed with respect to sustainability.
2. Analyze selected software system based on each of the five sustainability dimensions.
3. For each dimension, identify the direct, indirect, and systemic effects of the software.
4. Based on the identified effects, drive sustainability goals for their effective mitigation.
5. Next, identify the available software features that can be improved to achieve the

derived goals. If none of the available features can be used, then recommend new
features for the achievement of the driven goals.

6. Provide guidelines for the effective application of the sustainability goals using the
software features.

The functioning of SCSSD is exemplified through two case studies: Microsoft Word
and Foodpanda. Table 5 reports sustainability guidelines for Microsoft Word and Table 6
catalogs the guidelines for Foodpanda, which is a location-based food delivery service
operating in Pakistan.

• [MS WORD REQ-01] Sustainability requirement 01 recommends launching the
application in different energy modes. It may introduce three modes: (1) economic
(energy-friendly mode), (2) standard, and (3) advanced mode. The economic mode
allows only basic features and removes all additional software features that are costly
in terms of energy consumption. For example: disable features such as auto save, spell
check, and design. The standard mode should allow only some of the energy costly
features, while the advanced mode has full flash word features. A user may switch
between these modes;

• [MS WORD REQ-02] The application shall show the print preview of documents
based on the current amount of ink in the toner. The user shall decide whether to take
a print or not under the current ink conditions. This feature may reduce the amount
of reprinting;

• [MS WORD REQ-03] Educate the users regarding resource savings such as toner ink
and saving over time due to avoidance of reprinting documents.

Table 5. Sustainability requirements of Microsoft Word.

S. No
Proposed

Sustainability
Goal

Goal-Feature
Mapping Sustainability Guideline Sustainability

Dimension

1
[Ms. WORD

REQ-01] Energy
Saving

Energy
Profiles/modes

Introduce energy profiles in
Microsoft Office that allow
the software to be run in an

energy-saving mode.

Environmental

2
[Ms. WORD
REQ-02] True

Print
Printing

Show the user the actual
print preview of documents
based on toner conditions.

Environmental

3
[Ms. WORD

REQ-03]
Educate User

Notification
Let the users know how

much ink they saved over
time.

Social
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Figure 8. Sustainability catalog for sustainable software design.

5.2. Sustainability Guidelines for Design of Software Systems

This section summarizes the sustainability guidelines derived from the case studies
mentioned in the previous section.

1. Just as there is a provision of energy profiles in hardware systems, this consideration
should also be taken into account while designing software systems. Support for
energy profiles would allow users to utilize the software based on their work needs
i.e., the software can be launched in basic or energy-efficient mode with only the
required features, thus lowering the hardware’s energy requirement.

2. Applications supporting printing features should also contain features that encourage
the saving of printing resources (i.e., paper and toner).

3. Software applications can be exploited from the perspective of imparting sustainable
thinking in their users. Applications can be used to change user mindsets, and to
make it happen applications should provide feedback to users based on their choices.
For instance, if a user’s choice saved a computing resource, the applications should
provide feedback in the form of notifications.

4. Location-based applications should provide incentives for fuel savings, packaging
reduction, and so on.
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Table 6. Sustainability Requirements of FoodPanda.

S. No
Proposed

Sustainability
Goal

Goal-Feature
Mapping Sustainability Guideline Sustainability

Dimension

1
[FOODPANDA
REQ-01] Fuel

Saving
Notification

During application usage,
notify the user if someone
else from the same vicinity
has placed an order on the
application. If the user opts
for delivery from the same

restaurant the delivery
charges can be split in half.

Environmental

2 [FOODPANDA
REQ-02] Cart

Encourage restaurants to
use the least amount of food

packaging as possible.
Allow users to opt for tiffin

services instead of
disposable packaging.

Environmental

3

[FOODPANDA
REQ-03]

Reduce use of
plastic

Cart

Give users the choice of
skipping delivery of

disposable cutlery with
their placed orders.

Environmental

6. Threats to Validity

This section discusses the possible threats to validating the findings of the study. This
study is subjected to the following validity threats [46].

6.1. Construct Validity

Construct validity focuses on the theoretical constructs used being interpreted and
measured correctly. To tone down this threat, a presurvey pilot study was conducted. Firstly,
a focus group was formed which comprised of five members from the target population
and two domain experts in the software engineering discipline. The group was instructed
to review the survey instrument in terms of clarity and completeness. The questionnaire
adopted in this study was improved before its distribution based on the suggestions given
by the focus group. For instance, during the pilot study, it was found that the completion
time of the survey was extensive. To mitigate the time duration, the number of items
was reduced from 33 to 27 to keep the survey within the limited time duration of 15 min
(generally). Some of the questions were re-written to compensate for the removed items to
avoid any negative impact on the richness of the information collected through the survey.

6.2. Internal Validity

Internal validity examines if the results are truly based on the data. The sample
selected for the survey may have resulted in an internal shortcoming. As snowballing is
partly used to gather the sample for the survey, a potential limitation of this strategy is
community bias. To tackle this internal shortcoming, an initial group of participants was
farmed, keeping it as diverse as possible. It is understood that the number of companies and
the software professionals surveyed might not sufficiently represent the entire population
of software practitioners and companies. Nevertheless, the targeted audience has been
selected as professionals working in the South Asia region of the world. It is believed that
due to diverse samples, internal community bias is dealt with.

6.3. External Validity

External Validity focuses on the extent to which the results can be generalized. The
participants of this survey may not adequately represent the entire practitioners’ community.
Nevertheless, to increase the transferability of results, the respondents were selected from
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companies belonging to diverse domains. Therefore, it is believed that the responses
analyzed offered a rich source of qualitative data that revealed valuable insights.

6.4. Reliability

Reliability centers on the reproducibility of identical outcomes. Even though the
grounded theory presents a meticulous process for data collection and analysis, generally
qualitative studies are subject to researcher bias. It is possible that other researchers might
interpret the same data differently and make different deductions after an examination.
However, it is believed that the primary insights would still uphold. Additionally, the
deduction made from the outcomes of RQ2 could be a risk to the validity of this study. To
mitigate this, the responses were carefully analyzed and discussed thoroughly in a joint
venture of the four-eyes principle [47]. The disagreements were reviewed again until a
consensus was reached.

7. Conclusions

Much research efforts are made by the SE community towards the realization of
sustainability importance and its incorporation within the software engineering disci-
pline. However, the software industry still lacks an understanding of sustainability, which
eventually leads to a lack of implementation in the software systems during development.

This study surveyed software industry professionals within the South Asian region.
Most of the participants were Pakistani nationals. The study aimed to collect evidence
about sustainability among software professionals: How software professionals perceive
sustainability and identify sustainability requirements. It has been found that software
practitioners require clear and complete awareness about incorporating sustainability
within software development. Practitioners also need to become familiar with identifying
requirements related to sustainability. Additionally, the current SE practices do not pro-
vide explicit support for sustainability. Therefore, for practitioners to effectively address
sustainability-related concerns during software development, there is a need to provide
explicit guidelines for its incorporation. The study presented a catalog and sustainability
guidelines for two case studies (1. MS Word and 2. Foodpanda). This work will be ex-
tended in the future to impart sustainability guidelines for more software. The case studies
will then be used to develop a prototype software capable of suggesting sustainability
requirements for different kinds of software applications. On the basis of this research, the
following recommendations for the future are offered:

1. More studies should detail practical guidelines on making software systems sustain-
able during their design and development.

2. Sustainability is not explicitly supported by the present SE procedures. Therefore, it is
necessary to establish precise standards for its implementation.

3. Future research should attempt to create software prototypes that could suggest
sustainability requirements for different types of software systems.
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