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Abstract

:

The growing concern over the state of degradation of the environment has led to a consideration of aspects relating to sustainability in software. Bearing this in mind, we have carried out a survey of practitioners, aiming to gather information about their awareness of sustainable software, not only during the development process, but also throughout the period in which the software is used. Using the data gathered, we studied professionals’ perspectives on sustainability in software development, and were able to get a picture of the current situation of the application of sustainability practices in this sector. We focused on the environmental and technical dimensions of sustainability aimed at extending the longevity of information systems and making them more energy efficient. From the results, we observed that there is a widespread desire to pursue sustainable behavior at work, even though there are not always clear guidelines on how to proceed in this endeavor.
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1. Introduction


The 2030 Agenda for Sustainable Development was agreed on at the United Nations (UN) Sustainable Development Summit in September 2015. This new framework for international cooperation is committed to eradicating poverty and to promoting sustainable development between 2015 and 2030, where “nobody should be left behind”. It is composed of 17 Sustainable Development Goals (SDGs), along with 169 targets addressing economic, social, and environmental aspects.



While none of the SDGs is specific to Information and Communication Technologies (ICTs), several targets refer to ICTs being used to pursue the expected objectives. The 2030 Agenda for Sustainable Development recognizes that “the spread of ICT and global interconnectedness has great potential to accelerate human progress, to bridge the digital divide and to develop knowledge societies”. It is with that fact in mind that the International Telecommunication Union, which is one of the associated organizations of the UN, has been actively participating in the discussion on the ICT indicators that will be used to track the SDGs, such as “Individuals using the Internet” or “Individuals owning a mobile phone”.



There is an urgent need to raise awareness about how to innovate ICTs [1] in the effort to find the best way to assist all nations in achieving the SDGs by 2030. Nevertheless, ICTs might also have negative effects on sustainability, such as the generation of electronic waste or excessive consumption of power. In this sense, ICTs play an undeniable role as enablers of more efficient resource usage, and are key tools in education and business operations, which are critical success factors for achieving the UN SDGs [2].



Belkhir and Elmeligi [3] underline the exponentially-growing energy consumption caused by the use of ICT devices in the market today. The generation of this energy that is being demanded is a significant contributing cause of the creation of carbon dioxide, a leading Green House Gas (GHG), as well as producing other global warming pollutants. The authors have found that, if unchecked, the relative contribution of ICT GHG Emissions (GHGE) could grow from roughly 1–1.6% in 2007 to over 14% of the 2016 level of worldwide GHGE by 2040, accounting for more than half of the current relative contribution of the whole transportation sector.



All of this means that managerial policies, employees’ habits, and awareness-raising in the hardware and software industries play an essential role in the sustainability of the sector. We have conducted a survey targeted at software development companies, to assess environmental and technical sustainability concerns as a first step in encouraging more sustainable habits and awareness.



Sustainability should be considered as a new issue in software development enterprises and projects, which needs to be achieved without much delay, according to Tjoa and Tjoa [2]. This same argument was also set out in the national project that supported our research in 2015. In this sense, sustainability should be monitored by all internal audit functions of the organizational entities involved. In this work, of the five dimensions (social, individual, environmental, economic, and technical) stated in the Karlskrona Manifesto [4] and presented at the 2015 Institute of Electrical and Electronics Engineers (IEEE)/Association for Computing Machinery (ACM) 37th IEEE International Conference on Software Engineering, we focus on the environmental and technical dimensions.



Environmental sustainability intersects with software in two domains [5]: “Green in software” (i.e., how can we make software more environmentally sustainable? how can we make the process of building software more environmentally sustainable?); and “Green by software” (i.e., how can we achieve environmental sustainability goals through software?) [6]. Both points of view (i.e., “in” and “by”) are considered in the survey. In addition to the economic, social, and environmental dimensions of sustainability, the human (or individual) and technical dimensions were described in literature [7]. The technical dimension is specifically focused on the longevity of software systems (e.g., maintainability, evolution), and is also addressed in the survey.



Some research on the contribution of the software development process and the impact of the execution of software on sustainability has been carried out so far. The GreenSoft Model provides support to stakeholders regarding all the stages of the software life cycle, with a focus on sustainability [8]. Moraga et al. [9] proposed a code of ethics for computer science practitioners that explicitly consider green elements of concern to evaluate the greenability of software. Although the contribution of software to sustainability may be relatively low in a single device, the inherent reproducibility of the software leads to massive energy savings and a large impact on sustainability if an improvement in the use of resources is achieved [10]. This would be an important contribution considering that the global ICT sector produced an energy footprint of 805 TWh, corresponding to 3.6% of the total in 2015 [11]. In addition, the falling costs of clean energy technologies [12] can help reduce the global ICT carbon footprint.



The rest of this work is structured as follows: Section 2 sets out the materials and methods used in this study (i.e., questionnaire, instrumentation, research approach); Section 3 presents the data gathered and the discussion of the results; and, lastly, Section 4 includes our main conclusions and future work.




2. Materials and Methods


The methodology of this work consists of the development and execution of a survey, a validation of this survey, carried out by experts in software development, the steps followed to collect the target companies, and the procedure used to encourage participation. Figure 1 presents a summary of the methodology that allowed us to create and run the survey.



The questionnaire includes demographic questions (e.g., age, genre, level of studies, role, approximate time since being hired in their current company, number of employees in the company). There are also questions regarding practices that could help companies to be more sustainable, along with ones that address the sustainability of the software development process currently applied by the practitioners in their work. The tool used to carry out the survey was Limesurvey; the full survey took approximately 20 min to complete.



Given the economic growth and relevance of the software sector in Spain, particularly in the Autonomous Community of the Region of Murcia (Comunidad Autónoma de la Región de Murcia, CARM), we carried out the survey in local software development companies. Spain is a developed economy in the European Union (EU). In 2017, its Gross Domestic Product (GDP) placed it in fifth place, just behind Germany, the United Kingdom, France, and Italy (http://ec.europa.eu/eurostat/tgm/table.do?tab=table&init=1&language=en&pcode=tec00001&plugin=1). In the first semester of 2018, the regional GDP in the CARM grew by 2.7% (www.airef.es) with respect to the previous year, and it is expected to increase by 3.2% by the end of 2018 (www.ceprede.es). This rate has been similar to that seen in the Spanish economy (2.8%) and is higher than the rises witnessed in the euro area (2.5%), surpassing even the most relevant economies within the area, such as Germany (2.5%) or France (2.1%) (https://www.imf.org/external/pubs/ft/weo/2018/01/weodata/index.aspx).



The sample under study was analyzed to validate its representativeness. From around 190 software development companies that we were interested to survey, we received responses from 35 firms. This represents the 18.5% of the target companies. In addition, none of the participants had a job in two or more companies, so no duplicate responses were gathered. As shown in Section 3, employees of companies of all sizes participated. For example, Capgemini is one of the world’s largest IT consulting, outsourcing, and professional services companies; likewise, Everis is a Spanish multinational consulting company that covers the telecommunications, financial entities, industry, utilities and energy, banking, insurance, public administrations, and health sectors. Different roles are also included in the sample, ranging from technical to management positions.



The software development sector in the CARM is growing and highly dynamic. The National Statistics Institute of Spain states that it has a total of 1635 companies; the number of contracts in the ICT sector was around 4900 in 2016, and this amount is expected to reach 5050 in 2020 (https://www.murcia.com/region/noticias/2017/01/24-la-region-cuenta-con-unos-4900-puestos-de-trabajo-y-mas-de-1630-empresas-en-el-sector-tic.asp). The turnover of the ICT sector in Spain was Euro 88,334 million in 2016 [13], accounting for 7.9% of the total GDP (EUR 1,118,522 million (https://www.ine.es/en/prensa/cna_2016_1_en.pdf)). According to the National Observatory of Telecommunications and Information Society [13], in 2016 there were 2574 software development companies and 2425 software consulting companies in Spain. The turnover of these companies was EUR 5458 million and EUR 11,281 million, respectively.



2.1. Questionnaire Development


The survey was designed in weekly meetings, and is based on a review of literature, experience, and expertise of the Software Engineering Research Group (GIIS) at the University of Murcia (UMU). We used a 5-point Likert scale, from 1, which means total disagreement, to 5, which means total agreement. The aim was twofold: on the one hand, we investigated the views of the practitioners about the potential effect of certain current issues in software development with respect to sustainability; on the other hand, we also asked the practitioners about the sustainability of the software development process that they apply at work. From the conceptual point of view, therefore, the questionnaire is divided into two parts.



We analyzed the state-of-the-art of sustainability in software; the practices were selected according to the findings of other authors (see Table 1). “Requirements reuse”, “code reuse”, “general sustainability policies (how the company operates)”, “specific sustainability requirements”, “principles or requirements for usability and user experience in the development of products”, “principles or requirements for accessibility in the development of products”, “principles or requirements of internationalization in the development of products”, and “Consideration of sustainability when software systems and services are purchased or outsourced” are practices intended to produce an impact on sustainability during the process of software development [14]. “Agile and lean methodologies” [15], “software product lines” [16], “testing and continuous integration” [17], and “standardization of practices, tools, technical solutions, etc.” [18] are methodologies and techniques in which analyses and estimations of the power required to produce software are studied. The “certification in some sustainability standard (for example, International Organization for Standardization-ISO 14001 and/or Eco-Management and Audit Scheme-EMAS)” was evaluated in Reference [19], revealing that certified organizations carry out energy management practices related to the approach of the paper. “Cloud computing and virtualization services” and the “use of “green” data center infrastructures (using renewable energies)” play an important role for the sustainability of the software development process. In this sense, elements of clouds which contribute to the total energy consumption are discussed in Garg and Buyya [20], and a model for minimizing data centers’ energy expenses and maximizing the service is proposed, taking into account service-level agreements, the availability of local renewable power generation, and data centers’ workloads [21]. “Big data and data mining” was incorporated because it is widely recognized as being one of the most powerful drivers to promote productivity, improve efficiency, and support innovation, and because of the analysis that is made concerning green metrics of big data in Wu et al. [22]. Another practice indicated in the survey was the use of the “Internet of things (IoT)” during the software development process. IoT serves people in a collaborative manner, enhancing connectivity all over the world. Taking into account the possibility of using the green IoT, a contribution to sustainability can be achieved in software development process [23]. “Virtual reality and augmented reality” is another practice that was included in the survey. In Santos and Moura [24], a new software development paradigm focused on people, information, and an environment with augmented reality support is proposed for sustainability in the software. The aforementioned papers illustrate that the practices studied relate to the environmental and technical dimensions of sustainability. We asked practitioners if they applied those practices at work, and if they believed that these alternatives could help companies to be more sustainable.



In the second part of the survey, we also included a subset of the statements proposed by Manotas et al. [14] (see Table 2). We included these statements because they are closely linked to sustainability in software. Moreover, we completed them by adapting some of the technical habits that appear in Manotas et al. [14], in an effort to know more about the perceptions of professionals. These statements were adapted by the GIIS considering different habits to provide sustainability in the software development process. Moreover, the statements in this part are interrelated; we proceed with a classification considering the following groups: (1) Requirements about energy usage, which comprise statements from 1 to 2 in Table 2; (2) Requirement-related statements, expression number 3; (3) Design-related statements, declarations 4 and 5; (4) Construction-related statements, 6 to 9 statements; (5) Finding and fixing issue-related statements, from 10 to 12 in Table 2; and (6) Maintenance-related statements, from 13 to 16.




2.2. Questionnaire Validation


At the beginning of the study, we held three meetings with stakeholders from two institutions related to environmental issues: the General Environmental Administration of the CARM, and Reinicia, a non-profit organization specializing in the life-cycle management of electrical and electronic devices for compliance with environment regulations. The roles of the interviewees were general manager, environment technician, and institutional relations representative. Understanding their viewpoint helped us to structure and articulate the survey better, as well as to avoid possible gaps and misconceptions.



Once an initial version of the survey had been prepared, it was piloted among 20 software development practitioners, in an endeavor to gather external feedback that would improve the questionnaire before its delivery. The experts were provided with a validation questionnaire, divided into four parts: (1) presentation letter (i.e., clarity, suitability, length, and quality of the presentation letter sent to the potential participants in the survey); (2) questionnaire instructions (i.e., clarity, suitability, quantity, and quality); (3) questionnaire items (i.e., logical order of the questions, clarity of the writing, suitability of the answer options, number of questions, adaptation to the recipients, and efficiency in providing the data required); and (4) a general evaluation of the survey (i.e., validity of the survey content). Appraisers rated items on a 4-point Likert scale from 1 (bad) to 4 (excellent). In addition, there were five open questions to make it easy to propose the changes related to each part of the questionnaire, and to make any other remarks.



The feedback obtained was generally positive, and it was only necessary to make small changes. Some recommendations related to the format of the survey, and not to the content itself. Throughout the survey, there were also comments asking for more direct statements and questions, or for clearer explanations.




2.3. Compilation of Participants


To compile a list of the target companies that would be sent the survey, we contacted two public institutions of the CARM: the Development Institute of the Region of Murcia (INFO), and the Chamber of Commerce of Murcia. Some of INFO’s missions include the offer of integral support to entrepreneurs, encouraging business innovation, improving logistics processes, promoting foreign trade, financing companies, promoting investments, and managing European projects. The Chamber offers a series of services to help improve the activity of CARM companies and increase their competitiveness abroad; it also provides information and training, and gives economic, legal, and industrial advice. Lists of ICT companies and, specifically for this study, software development companies, were obtained through both institutions.



Once we had collected the contact information of the target companies, we used Mailchimp to automate and manage the participation requests. This included the creation and submission of invitation emails, and the management of the companies. We created an email template with a general description of the main goals of the study, emphasizing the importance of the employees’ participation, and personalized the message to each recipient company. Those receiving the email were asked to distribute the information among the employees of the company, to boost participation.



The invitation emails directed prospective participants to a webpage that included information about the study, along with a registration form to gather basic contact details about the practitioners (https://giis.inf.um.es:8443/formulario). The data requested for the registration were a name or nickname (not relevant), an email address, and the name of their company. We used these data to generate unique tokens in Limesurvey (i.e., individual participation codes) and to track the survey completion status. Once the form had been submitted, an access link to the survey was immediately provided and sent automatically to the participant’s email address.




2.4. Participation Encouragement


It has been proven that involving participants in the completion of surveys is a difficult task to perform [25]. We followed the recommendations by Escalona et al. [26] to promote participation in the survey. We made our study official with the cooperation of two public organizations from the government of the CARM: The General Environmental Administration, which belongs to the Ministry of Tourism, Culture and Environment, and the General Administration of Information Technology, Heritage and Telecommunications, which belongs to the Ministry of Finance and Public Administration. Support letters for our project were signed by the people at the top of the organization chart of both institutions, namely the Minister and the General Director. Furthermore, we reached an agreement to provide the participants in the survey with an official diploma for participation, signed by the major representatives of the aforementioned institutions. We also obtained a support letter for our study from the President of the UMU and the Vice-president of Economy, Sustainability and Health Sciences of the UMU.



As a general strategy, a reminder email was sent 20 days after the invitation to all prospective participants that had not completed the survey. Since the study’s success relied on the involvement of practitioners, an appropriate dissemination of the survey was critical. We therefore established direct and closer communication with the heads of some of the software development companies, aiming to encourage them (and their subordinates and co-workers) to participate.





3. Results and Discussion


A total of 94 practitioners completed the survey. In Table 3, we display the demographical data. Numbers in bold represent the highest amount of each demographic data field. The results showed that most of the participants (86.17%) were male. Moreover, a large portion of them (40.43%) were between 35 and 44 years old.



Most of the participants had completed higher education, with a much smaller number of cases having completed secondary or vocational education (see Table 3). As shown in Table 3, the most frequent role of the participants in the survey was technical. A relatively small percentage of the respondents (10.64%) were in the category “Other”. This category encompasses participants that play more than one of the base roles (e.g., “Project manager” and “Technician”, “Management” and “Administrative”, “Management” and “Technician”), as well as participants that indicated roles different from the base roles provided in the questionnaire (i.e., “Marketing and sales coordinator”, “Team coordinator”).



The experience of the participants in their current companies was quite varied, as was the size of the companies where the participants in the survey worked (see Table 3). All categories of enterprises were represented; this includes small- and medium-sized enterprises with fewer than 250 employees (i.e., micro-, small-, medium-sized enterprises with fewer than 10 employees, 10 to 49 employees, and 50 to 249 employees, respectively) and large enterprises (250 or more employees).



3.1. Best Practices Evaluation for Sustainability


We collected data on a set of best practices for sustainability. In Figure 2, we compare the percentage of application of these practices, along with the percentage of agreement on suitability for sustainability.



The figures reveal that “Reuse of code” (92.55%), “Reuse of software requirements and specifications” (72.34%), and “Testing and continuous integration” (67.02%) were the most common practices that respondents applied. Moreover, reuse practices were one of the most convincing alternatives that produce the greatest impact on sustainability, with over 80% agreement. This could be explained by the availability of know-how in companies, as well as by the quick access to it. This also leads to a speeding-up of the software development processes, making it more possible to save company resources and costs. “Testing and continuous integration” produces a conviction about sustainability that is slightly different, with between 60% and 80% agreement. This difference could be related to the inherent need for software development iterations, and to the uncertain results produced in each iteration.



Apart from reuse practices and continuous integration, “Standardization of practices, tools, technical solutions, etc.”, “General sustainability policies”, “Specific sustainability requirements” and “Lean and agile methodologies” were perceived as the most effective ways of reaching sustainability. There was a consensus about this among respondents, with over 80% agreement. In addition, these practices provide clear steps on how to proceed when developing software, increasing the sustainability expertise in companies.



“Standardization of practices, tools, technical solutions, etc.” (56.38%) and “Lean and agile methodologies” (57.45%) also had an acceptable percentage of usage. On the other hand, “General sustainability policies” (25.53%) and “Specific sustainability requirements” (14.89%) are not commonly applied at work. This low percentage can be explained by the lack of knowledge and literature/sources, which leads to little time being devoted to sustainability. Consequently, there seems to be a need to promote these practices so that professionals apply them with the same frequency as other practices.



“Cloud computing and virtualization services” (59.57%) and “Usability and user experience requirements or principles in the development of products” (56.38%) are widespread practices in software development companies. Moreover, there is a high level of agreement (between 60% and 80%) among practitioners that these practices help towards sustainability. The existence of certifications specifically designed for data centers, such as the Certified Energy Efficient Data Center Award (CEEDA), may explain the trust in one of these practices. The existence of companies certified in sustainability increases confidence on the part of customers when outsourcing of services occurs. On the other hand, usability and user experience requirements are widely studied, and there are many catalogs available in the literature.



Other practices reached a good level of conviction among the practitioners (also between 60% and 80%). They were “Use of “green” datacenter infrastructures (that use renewable energy)”, “Taking sustainability into consideration when software systems and services are purchased or outsourced”, “Accessibility requirements or principles in the development of products”, “Internationalization requirements or principles in the development of products”, and “Certification in any sustainability regulation (for example, ISO 14001, EMAS...)”. However, not all of these are widely used. The most commonly applied at work are “Accessibility requirements or principles in the development of products” (40.43%) and “Internationalization requirements or principles in the development of products” (40.43%). This fact might be explained by the existence of catalogs that aim to simplify the reuse of requirements, such as the Simple Reuse of Requirements catalog (SIREN) proposed by the GIIS, which saves time in companies and has a beneficial effect on sustainability. Moreover, the need to internationalize to be able to sell abroad is important for companies, especially for technology companies, if they are to survive.



Certifications (11.7%), consider sustainability when purchasing or outsourcing (4.26%), and the usage of sustainable infrastructures (4.26%) were practices that were carried out less in the companies. This reflects the fact that even when there are good intentions to apply best practices for sustainability (with an agreement among practitioners of between 60% and 80%) there seem to be difficulties in putting these alternatives into practice. The reason may be that the costs of certification could very well hold the companies back from implementing the practices, because there are not immediate benefits. The lack of companies certified in regulations for sustainability leads to the impossibility of considering sustainability when purchasing or outsourcing products, or of choosing to use green datacenter infrastructures. There should therefore be a promotion of certification among the companies in the quest to enhance sustainability.



Finally, the group of practices with the least conviction about sustainability comprised “Software product lines” (52.13%), “Big data and data mining” (46.81%), “Internet of things (IoT)” (45.74%), and “Virtual and augmented reality” (28.72%). The level of use of these practices was even lower: “Software product lines” (21.28%), “Big data and data mining” (17.02%), “Internet of things (IoT)” (17.02%), and “Virtual and augmented reality” (3.19%). Practices such as software product lines, big data mining, and the use of IoT have an acceptable reception among professionals, as these technologies are proving productive for client companies, making it possible to produce more specific goods, in less time. However, other technologies such as virtual reality (VR) and augmented reality (AR) create more doubts regarding sustainability. Even though these technologies have traced out a certain path in the market, they are still in their infancy, and there is a lot of work to be done [27].



There was generally a good level of willingness to engage in sustainable behavior at work on the part of the practitioners. This may be observed in the data set out above. The percentage of the perceptions always tends to be higher than the actual usage of the practices. For this reason, practitioners need to be provided with ways of proceeding in a sustainable manner at work.




3.2. Perspectives in Sustainable Practices


In the survey, we gathered specific details on the sustainability of the software development process followed by the respondents. As shown in Figure 3, most participants answered that “I could learn how to improve the use of energy” (78.72% of respondents “Agree” or “Strongly agree”) and “I want to learn about problems with the energy use of my applications” (76.6%). However, only 21.28% of the respondents affirmed that “I learn about problems with the use of energy of my applications”.



Only 20% to 30% of the respondents affirmed that “The applications that I develop have energy use requirements”, “I am willing to sacrifice performance, usability, etc., in exchange for having a lower energy use”, “I take energy use issues into account in design”, “When the use of energy is being evaluated, I take into account the different factors involved (use scenarios, environment, hardware, etc.)”, “Energy use issues have an influence on the way I write code”, “I know the use of energy of my code”, and “When I modify the code, I make changes that I think will improve the use of energy”. It seems that, despite the reported interest in training and the belief in its success, not much attention is currently being paid to sustainability in the development of applications.



The situation is even worse when it comes to documenting the code. The item “I document the code with the changes that are made to improve the use of energy” was supported by less than 20% of the participants in the survey. This fact reveals that documenting the code with a sustainable aim could be affected by a lack of knowledge. The documentation for an acceptable usage of APIs [28] could help achieve a better understanding of how to document the code as regards sustainability. As a matter of fact, writing comments related to sustainability in the code can help to raise awareness among other developers. The same situation occurs when investigating the use of energy from the applications. The item “I find out how the changes I make have an impact on the use of energy” received low support from professionals (less than 20%). In this sense, researchers should strive to let workers know what the main aspects that should be considered in the use of energy in the applications are. The same thing happens when discussing the sustainability of the applications among co-workers. The statement “During code reviews or other discussions, the use of energy is mentioned” found little support. This means that the more awareness there is among professionals, and the more tools there are to assess the energy consumption of software, the more frequent discussions on this issue should be.



The participants believed that technical issues with the use of energy on the part of applications are complex (“Problems with the use of energy are more difficult to discover, diagnose and/or fix than other performance problems”; 56.38% of respondents “Agree” or “Strongly agree”), and applications play an important role in achieving sustainability (“The good use of energy should be the responsibility of the applications”, 52.13%). Nevertheless, the participants in the survey did not believe that “Problems with the use of energy occur more frequently than other performance problems” (12.77%). The responses to these statements reveal that sustainability practices such as usability, quality, and security in software are not trivial, and should be considered throughout the software development processes.




3.3. Statistical Analysis


With the purpose of further analyzing the practices along the demographic data, a statistical analysis was performed. Two independent variables were defined: (i) profile of the respondent (technical versus non-technical); and (ii) size of the company (medium/large versus micro/small). Table 4 shows the significance of the Pearson’s chi-squared statistical test, and the odds ratio (OR) statistic and 95% confidence interval for each combination of independent and dependent variables. Numbers in bold are used to highlight statistically significant outcomes. Column “Set” refers to the specific set of items: sets number 1 and 2 are shown in Table 1 (18 questions); and set number 3 is presented in Table 2 (16 questions). The difference between sets 1 and 2 is that the former refers to whether the respondents apply the practices at work, whereas the latter is focused on whether the respondents believe that these practices can help companies be more sustainable. In addition, the answers in sets 2 and 3 are not dichotomic, so they had to be binarized before performing this statistical analysis. “Strongly disagree”, “Disagree”, and “Neither agree nor disagree” were thus mapped to “No”, and “Agree” and “Strongly agree” were matched to “Yes”.



Participants with a technical role were less inclined (OR = 0.398, 95% CI 0.171–0.924) to apply principles or requirements for usability and user experience in the development of products than those with a non-technical role. The application of principles or requirements for accessibility in the development of products also depended on whether those who did so were technical staff (OR = 0.324, 95% CI 0.138–0.763) in comparison with non-technical staff. The professional category “technical” reduced the probability (OR = 0.357, 95% CI 0.152–0.839) of applying agile and lean methodologies in comparison with managers, project managers, and systems managers. These results are coherent with the idea that the latter are usually more concerned about software requirements and development methodologies than the former. Likewise, participants with a technical role were less inclined to apply cloud computing and virtualization services (OR = 0.419, 95% CI 0.179–0.984) and big data and data mining (OR = 0.089, 95% CI 0.019–0.421) in their companies than those with a non-technical role. Again, this could be explained by nature of the tasks assigned to each type of employee in the company, since non-technical roles are those who make the decisions about the application of those practices.



Regarding the size of the company, medium and large companies (MLCs) were less inclined to apply requirements reuse (OR = 0.328, 95% CI 0.127–0.843) and specific sustainability requirements (OR = 0.159, 95% CI 0.033–0.754) than micro and small companies (MSCs). This might seem surprising, since one could expect larger and more resourceful companies to excel in this regard. However, MSCs in some cases prove to be less corseted than MLCs, and to be more dynamic and innovative. On the contrary, MLCs increased the probability of applying testing and continuous integration (OR = 2.866, 95% CI 1.142–7.193) compared to MSCs. The implementation of testing and continuous integration, and other DevOps practices, is often based on full-scale adoption; this seems to diverge from the philosophy of smaller companies, even though small teams can reap great benefits in adopting these practices. For example, large organizations usually have applications that are difficult to move to continuous delivery, yet they cannot be ignored in the process of continuous delivery adoption because many of them are very important for the success of the company. Employees of MLCs were also less inclined to apply the Internet of Things (OR = 0.219, 95% CI 0.058–0.830) than those of MSCs. This could be due to the same reasons that were argued in relation to the requirements reuse and specific sustainability requirements.



Moving on to the perceived usefulness for sustainability of the previous practices, no significant differences were found across either the role of the participants or the size of the companies. There seems to be a consensus in the opinions expressed by the participants, regardless of their role or the size of their company. In other words, as shown in Section 3.1, there are practices that employees of software development companies believe could help companies to be sustainable and other practices in which they seem to have fewer expectations.



Regarding the questions on the sustainability of the software development process that the participants apply in their companies, we only found significant differences in two items. On the one hand, participants with a technical role were less inclined (OR = 0.398, 0.171–0.924) to believe that problems with the use of energy were more difficult to discover, diagnose, and/or fix than other performance problems in comparison with participants with a non-technical role. On the other hand, the fact that participants took into account the different factors involved (use scenarios, environment, hardware, etc.) when the use of energy was being evaluated depended on whether those who did so were technical staff (OR = 0.385, 95% CI 0.148–1.000) or non-technical staff.





4. Conclusions


A representative sample of software practitioners filled out our survey questionnaire concerning sustainability in software development companies. According to the feedback gathered, there are some practices that can be applied to help companies to be more sustainable. These alternatives could be implemented to make it easier for software development companies to transform into more environmentally-friendly organizations. In addition, we have identified gaps in the software development process that practitioners apply in their companies, especially in relation to the use of the energy of the applications. Practitioners are, however, willing to learn about the use of the energy of their applications. Clear guidelines and protocols need to be developed in software development companies, based on best practices in sustainability, if these organizations are to become greener.



Certifications for sustainability (e.g., ISO 14000 and EMAS) could be another point to consider in seeking more sustainable software businesses. In this regard, it is not only the heads of the companies that are concerned; governments can also play a fundamental role. For instance, when offering funding (see Figure 4), regional institutions such as the INFO look at whether the companies applying for funds possess environmental certifications such as ISO 14001 and EMAS. On the other hand, obtaining sustainability certifications can become a bulky process for the heads of the companies. They may count on specialized consultants or organizations that can provide feedback and support towards this aim. There are also methodologies available in literature that facilitate this objective [29]. Furthermore, sustainability certifications usually target issues (e.g., waste recycling and management, water and energy consumption, paper saving, etc.) that are not close to the particularities found in software development companies. This can also pose a challenge during the certification process.



From the social point of view, our survey notes that the participation of women in software development companies remains low. The long-term sustainability of these companies partly depends on their ability to attract a specialized workforce. It is thus advisable to make more efforts to promote STEM careers among young people, and it is especially recommendable to take the opportunity to involve more women in technology. This would allow women to acquire the skills necessary to access many green jobs and contribute to innovation and development of technology [30].



The fulfillment of the SDGs in the 2030 Agenda for Sustainable Development plays an important role in achieving sustainability objectives, also in technology. They can serve as a general framework that governments and public institutions can follow to carry out their specific sustainable actions. Prescriptions to policy makers were established in Japan with the purpose of effectively implementing the SDGs [31].



In the Region of Murcia, we are seeking to emphasize the relevance of the public sector in leveraging sustainability in software development companies. The Regional Administration and, in particular, the General Administration of Information Technology realize the need to make more efforts in relation to sustainability. In the near future, they may require compliance with environmental regulations by software development companies that apply for contracts and projects in the public sector. We are also planning to undertake actions to raise awareness of sustainability and to study mechanisms that would make people more conscious of their use of resources. We are currently working on energy-saving actions that could be adopted at the university to leverage behavior change among students. These initiatives could reduce energy waste and minimize harm to the environment. We will focus on the main factors that strengthen sustainable behavior and will seek to apply those factors to the professional context.



More efforts need to be devoted to studies on this subject, given the current environmental situation, as well as the relevance of software nowadays. Carrying out sustainability surveys will broaden awareness, allowing for a continued evaluation of the perceptions and habits of professionals about the sustainability of software.
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Figure 1. Research methodology. 
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Figure 2. Comparison of results. Application of technical practices vs. the perceived helpfulness of technical practices in being more sustainable at work. 
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Figure 3. Details on the sustainability of the software development process. 
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Figure 4. Form used to apply for funding from the INFO, in which ISO 14001 and EMAS are considered (excerpt). 
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Table 1. Technical practices analyzed in this study.
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#Q

	
Practices

	
Source






	
1

	
Requirements reuse

	
Manotas et al. [14]




	
2

	
Code reuse




	
3

	
General sustainability policies (how the company operates)




	
4

	
Specific sustainability requirements




	
5

	
Principles or requirements for usability and user experience in the development of products




	
6

	
Principles or requirements for accessibility in the development of products




	
7

	
Principles or requirements of internationalization in the development of products




	
8

	
Agile and lean methodologies

	
Dick et al. [15]




	
9

	
Software product lines

	
Couto et al. [16]




	
10

	
Testing and continuous integration

	
Drangmeister et al. [17]




	
11

	
Standardization of practices, tools, technical solutions, etc.

	
Mohankumar and Kumar [18]




	
12

	
Certification in some sustainability standard (for example, ISO 14001 and/or EMAS)

	
Laskurain et al. [19]




	
13

	
Consideration of sustainability when software systems and services are purchased or outsourced

	
Manotas et al. [14]




	
14

	
Cloud computing and virtualization services

	
Garg and Buyya [20]




	
15

	
Use of “green” data center infrastructures (using renewable energies)

	
Ghamkhari and Mohsenian-Rad [21]




	
16

	
Big data and data mining

	
Wu et al. [22]




	
17

	
Internet of things

	
Zhu et al. [23]




	
18

	
Virtual reality and augmented reality

	
Santos and Moura [24]
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Table 2. Best practices for sustainability in the software development process (based on and adapted from Manotas et al. [14]).
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	#Q
	Statement





	1
	The applications that I develop have energy use requirements



	2
	I am willing to sacrifice performance, usability, etc., in exchange for having a lower energy use



	3
	I take energy use issues into account in design



	4
	When the use of energy is being evaluated, I take into account the different factors involved (use scenarios, environment, hardware, etc.)



	5
	Energy use issues have an influence on the way I write code



	6
	I know the use of energy of my code



	7
	I could learn how to improve the use of energy



	8
	The good use of energy should be the responsibility of the applications



	9
	I learn about problems with the use of energy of my applications



	10
	I want to learn about problems with the energy use of my applications



	11
	Problems with the use of energy occur more frequently than other performance problems



	12
	Problems with the use of energy are more difficult to discover, diagnose and/or fix than other performance problems



	13
	When I modify the code, I make changes that I think will improve the use of energy



	14
	I document the code with the changes that are made to improve the use of energy



	15
	I find out how the changes I make have an impact on the use of energy



	16
	During code reviews or other discussions, the use of energy is mentioned
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Table 3. Demographic results.
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Demographic Data Fields






	
Gender

	
Role




	
Male

	
81 (86%)

	
Management

	
17 (18%)




	
Female

	
13 (14%)

	
Administrative

	
1 (1%)




	
Age

	
Project manager

	
14 (15%)




	
<25

	
4 (4%)

	
Systems manager

	
2 (2%)




	
25–34

	
30 (32%)

	
Technician

	
50 (53%)




	
35–44

	
38 (41%)

	
Other

	
10 (11%)




	
45–54

	
19 (20%)

	
Seniority in the company




	
>55

	
3 (3%)

	
0–1 years

	
26 (28%)




	
Educational level

	
2–5 years

	
32 (34%)




	
Secondary/Vocational

	
15 (16%)

	
6–10 years

	
24 (25%)




	
Graduate/Master

	
69 (74%)

	
>10 years

	
12 (13%)




	
Doctorate

	
5 (5%)

	
Company size




	
Other

	
5 (5%)

	
Micro (<10 employees)

	
17 (18%)




	

	

	
Small (10–49 employees)

	
34 (36%)




	

	

	
Medium (50–249 employees)

	
25 (27%)




	

	

	
Large (>250 employees)

	
18 (19%)
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Table 4. Summary of the results of the statistical tests.
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Set

	
#Q

	
Profile

	
Size




	
Sig.

	
OR, 95% CI

	
Sig.

	
OR, 95% CI






	
First

	
1

	
0.054

	
0.395, 0.151–1.031

	
0.018

	
0.328, 0.127–0.843




	
2

	
0.569

	
1.567, 0.331–7.420

	
0.873

	
1.135, 0.240–5.374




	
3

	
0.125

	
2.118, 0.803–5.584

	
0.642

	
0.801, 0.314–2.045




	
4

	
0.795

	
0.860, 0.276–2.680

	
0.010

	
0.159, 0.033–0.754




	
5

	
0.030

	
0.398, 0.171–0.924

	
0.076

	
0.474, 0.207–1.088




	
6

	
0.009

	
0.324, 0.138–0.763

	
0.154

	
0.543, 0.234–1.261




	
7

	
0.076

	
0.471, 0.204–1.088

	
0.154

	
0.543, 0.234–1.261




	
8

	
0.017

	
0.357, 0.152–0.839

	
0.587

	
1.256, 0.551–2.862




	
9

	
0.747

	
0.850, 0.316–2.284

	
0.561

	
0.743, 0.272–2.028




	
10

	
0.123

	
0.500, 0.206–1.213

	
0.023

	
2.866, 1.142–7.193




	
11

	
0.361

	
0.682, 0.300–1.552

	
0.753

	
1.141, 0.503–2.589




	
12

	
0.584

	
0.704, 0.199–2.488

	
0.984

	
0.987, 0.279–3.489




	
13

	
0.896

	
0.875, 0.118–6.486

	
0.395

	
0.381, 0.038–3.803




	
14

	
0.044

	
0.419, 0.179–0.984

	
0.051

	
0.436, 0.188–1.012




	
15

	
0.248

	
0.279, 0.028–2.784

	
0.861

	
1.195, 0.161–8.861




	
16

	
0.000

	
0.089, 0.019–0.421

	
0.860

	
0.907, 0.307–2.681




	
17

	
0.788

	
1.160, 0.393–3.427

	
0.017

	
0.219, 0.058–0.830




	
18

	
0.484

	
0.429, 0.038–4.895

	
0.661

	
0.583, 0.051–6.663




	
Second

	
1

	
0.212

	
0.456, 0.130–1.599

	
0.975

	
0.981, 0.303–3.176




	
2

	
0.260

	
0.449, 0.109–1.857

	
0.338

	
0.525, 0.138–1.997




	
3

	
0.581

	
1.365, 0.451–4.129

	
0.626

	
1.321, 0.430–4.064




	
4

	
0.763

	
1.171, 0.419–3.275

	
0.516

	
1.414, 0.495–4.038




	
5

	
0.426

	
0.686, 0.271–1.738

	
0.792

	
0.884, 0.353–2.211




	
6

	
0.617

	
0.797, 0.327–1.942

	
0.931

	
0.962, 0.396–2.334




	
7

	
0.993

	
1.004, 0.427–2.361

	
0.874

	
0.933, 0.397–2.196




	
8

	
0.454

	
0.671, 0.235–1.915

	
0.353

	
0.614, 0.218–1.727




	
9

	
0.698

	
1.174, 0.521–2.643

	
0.317

	
0.660, 0.292–1.492




	
10

	
0.187

	
1.910, 0.725–5.037

	
0.647

	
0.800, 0.307–2.082




	
11

	
0.702

	
0.788, 0.231–2.686

	
0.751

	
0.822, 0.245–2.764




	
12

	
0.811

	
1.109, 0.475–2.591

	
0.967

	
1.018, 0.435–2.383




	
13

	
0.398

	
1.478, 0.596–3.662

	
0.609

	
0.789, 0.319–1.953




	
14

	
0.143

	
0.499, 0.195–1.275

	
0.330

	
0.637, 0.257–1.581




	
15

	
0.290

	
0.600, 0.232–1.551

	
0.642

	
1.249, 0.489–3.188




	
16

	
0.282

	
1.565, 0.691–3.545

	
0.108

	
1.958, 0.859–4.461




	
17

	
0.640

	
1.215, 0.538–2.743

	
0.127

	
0.527, 0.230–1.205




	
18

	
0.281

	
0.611, 0.248–1.501

	
0.125

	
0.485, 0.191–1.233




	
Third

	
1

	
0.912

	
1.054, 0.416–2.672

	
0.992

	
1.005, 0.396–2.548




	
2

	
0.526

	
1.366, 0.519–3.595

	
0.313

	
0.604, 0.226–1.616




	
3

	
0.747

	
0.850, 0.316–2.284

	
0.277

	
0.568, 0.204–1.585




	
4

	
0.534

	
0.753, 0.308–1.843

	
0.046

	
0.385, 0.148–1.000




	
5

	
0.732

	
0.846, 0.325–2.200

	
0.975

	
0.985, 0.378–2.569




	
6

	
0.910

	
0.947, 0.369–2.429

	
0.464

	
0.700, 0.268–1.824




	
7

	
0.747

	
1.176, 0.438–3.162

	
0.940

	
1.039, 0.385–2.803




	
8

	
0.093

	
0.495, 0.217–1.128

	
0.284

	
1.563, 0.689–3.541




	
9

	
0.855

	
1.097, 0.407–2.958

	
0.940

	
0.963, 0.357–2.597




	
10

	
0.884

	
0.931, 0.357–2.428

	
0.975

	
1.015, 0.389–2.649




	
11

	
0.392

	
0.587, 0.172–2.004

	
0.349

	
1.789, 0.524–6.106




	
12

	
0.030

	
0.398, 0.171–0.924

	
0.753

	
1.141, 0.503–2.589




	
13

	
0.561

	
0.750, 0.284–1.983

	
0.845

	
1.102, 0.417–2.914




	
14

	
0.990

	
1.007, 0.333–3.044

	
0.938

	
1.045, 0.346–3.161




	
15

	
0.812

	
0.864, 0.257–2.902

	
0.761

	
0.827, 0.242–2.821




	
16

	
0.081

	
0.338, 0.096–1.189

	
0.243

	
0.479, 0.136–1.680
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Tick as appropriate:

[ 1 The appiicant company has environmental management systems ISO 14001 and/or EMAS.

[ ] The "company/action/activity” is NOT located in an area included in the Natura 2000 Network,
according to the cartography available on the website vaww.carm es/medioambiente related to
the LICs and SPAs, nor can it have an impact on the natural space.

[ 1 The "companyiaction/activity" is located in an area included in the Natura 2000 Network,
according to the cartography available on the website www.carm.es/medioambiente related to
the LICs and ZEPA, andlor may have an impact on the natural space, and therefore (mark what
is appropriate):

[ ] This is an action submitted to the provisions of the Environmental Impact Procedure. In this
case, in the Environmental Impact Study, the effects have been studied in accordance with
the indications contained in artcle 45 of Law 42/2007, of December 13, on Natural Heritage
and Biodiversity, considering the provisions of Annexes | and If of said Law.

[ ] Itis not subject to the Environmental Impact Procedure, but ts effects have been studied in
‘accordance vith the indications contained in artcle 45 of Law 42/2007, of December 13, on
Natural Heritage and Biodiversity, taking into account what is established in Annexes | and
Il of said Law, and it has a favorable report from the General Directorate of Natural Heritage
and Biodiversity.
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