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Nowadays, the importance of Test Automation in software engineering is increasing to stay 

competitive and deliver innovations to customers faster without sacrificing quality.  

Currently, most software development companies consider investing more in automated 

testing practices and tools to prevent defects during the software development process. But 

the use of test automation comes with difficulties and potential sustainability concerns. Also, 

the usage of test automation may have negative effects on the environment, particularly in 

terms of energy use and carbon emissions. As a result of the introduction and promotion of 

green software engineering, software development businesses are moving toward the green 

and sustainable consideration of the software development process.  

The purpose of this study is to identify software test automation practices and tools along 

with their challenges which can be helpful for organizations to move forward with a greener 

and more sustainable software development approach. 

  



 
 

   

 

ACKNOWLEDGEMENTS 

 

I want to sincerely thank and appreciate everyone who helped me finish my master's thesis, 

which was titled "Test Automation Practices and Tools for Sustainable Software 

Development." Without the help and support of several people and organizations, this 

empirical study would not have been possible. 

First and foremost, I would like to express my sincere gratitude to Professor Jussi Kasurinen 

and Professor Najmul Islam, who served as my thesis supervisors, for their direction, 

knowledge, and constant support during the research process. Their helpful 

recommendation, valuable suggestions, and continuous support were essential in conducting 

this study. 

The participants in the empirical study, whose collaboration and readiness to share their 

experiences and thoughts have substantially enriched this research, deserve my sincere 

gratitude. Their insightful suggestions and feedback have offered crucial viewpoints on test 

automation techniques and tools in the context of environmentally friendly software 

development. 

I'm appreciative of the organizations that gave me access to their development teams so I 

could conduct interviews and compile useful information. Their openness and capacity for 

cooperation have been crucial in helping us gather first-hand data and practical ideas. 

Throughout this study, I would want to thank my colleagues, friends, and family members 

for their help and support. They have been a constant source of motivation for me, and I am 

sincerely appreciative of their understanding, patience, and support. 

Finally, I'd like to thank the academic community and the researchers whose work served as 

the basis for my research. They have made significant and inspirational contributions to the 

fields of test automation, sustainable software development, and other related fields. 

  



 
 

   

 

ABBREVIATIONS 

 

SDLC Software development Life Cycle 

IT Information Technology 

CI Continues Integration 

CD Continues Delivery 

TAIM Test Automation Improvement Model 

DevOps Development and Operations 

GUI Graphical User Interface 

PaaS Platform as a Service 

TDD Test Driven Development 

B2B Business to Business 

API Application Programming Interface



5 

 

   

 

Table of contents 

 

Abstract 

Acknowledgments 

Symbols and abbreviations 

 

1 Introduction .................................................................................................................... 7 

2 Related work ................................................................................................................. 11 

3 Research Methodology ................................................................................................. 17 

3.1 Data collection ...................................................................................................... 17 

3.2 Data analysis ......................................................................................................... 18 

4 Results and observations .............................................................................................. 20 

4.1 Test Automation Interviews and Qualitative Study .............................................. 20 

4.2 Test Automation Quantitative Study ..................................................................... 26 

5 Discussion..................................................................................................................... 36 

6 Conclusion .................................................................................................................... 40 

References ............................................................................................................................ 42 

 

 

 

 

 

Appendices 

Appendix 1. Case description 

Appendix 2. Survey results 

   



6 

 

   

 

Figures 

Figure 1: Test automation tool types used in the projects 

Figure 2: Test automation practices used in the projects. 

Figure 3: Observed improvements after adopting test automation tools and practices in the 

projects. 

Figure 4: Challenges faced while implementing test automation practices and tools. 

Figure 5: Importance of training development team on using test automation practices and 

tools 

Figure 6: Most important test automation tools and practices that help in achieving 

sustainable software development. 

Figure 7: Actions taking place to ensure test automation practices and tools are aligned with 

organizational sustainability goals. 

 

Tables 

Table 1: Sustainability characteristics along with frequency occurrence in past studies 

Table 2: Challenges in sustainable software development along with frequency occurrence 

in past studies 

Table 3: Practices and tools in sustainable software development along with frequency 

occurrence in past studies 

Table 4: Description of interviewed organizations 

Table 5: Test automation categories affecting sustainable software development in case 

organizations. 

Table 6: Steps that organizations take to achieve sustainability through test automation.  

  



7 

 

   

 

1  Introduction 

In the past few years, software engineering has been rapidly changing by focusing on 

evaluating global software development, which reduces high cost, complexity, delivery time, 

and maintenance complications to improve customer satisfaction. From the customer’s 

perspective, the quality of the software is the main factor. To achieve that, the contribution 

of software test automation is one of the essential aspects of the software development life 

cycle (SDLC). For long-term software cost reduction can be achieved by incorporating test 

automation into the testing workflow, enhancing software quality, and enhancing the 

effectiveness and efficiency of the testing process (Kasurinen, J. 2009). Also, many practices 

and tools could be incorporated into software development to deliver the best quality 

software product to the end user.  

On the other hand, the emergence of green or sustainable software development has 

prompted businesses to concentrate on sustainability issues in the software development 

process. One such initiative of environment-friendly software development is The Green 

Project Management (Mochal, T., & Krasnoff, A. 2013), which gives project management 

aspects more consideration in an environmentally friendly method. The various stages of the 

software development lifecycle can benefit from the definitions of environmental measures 

(Sanath, S., & Raghavendra, E, 2011). Sanath and Raghavendra noted that most of the 

research had concentrated more on analysing various sustainability variables, such as the 

amount of electricity utilized by computers, displays, and other devices. Also, the remarks 

of (Calero, C., Bertoa, M. F., & Moraga, M. A. 2013) stated that including product quality 

and effective application in software development will lead to achieving sustainability 

aspects. Similarly, consideration of sustainability assessment can be defined as another 

quality attribute that developers must focus on following the requirement and priorities of 

the software product being developed.  

Considering sustainability in software development is crucial for several reasons. The study 

conducted by (Lago, P., & Wegmann, A. 2010) stated that the environmental impact of the 

IT sector, particularly software development is substantial. Data centers and computing 

equipment uses a tremendous amount of energy, contributes to electronic trash, and produce 
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greenhouse gases. We can lower energy use, limit electronic waste, and lessen the industry's 

environmental effects by implementing sustainable development methods.  

The main goal of this research is to identify test automation’s contribution to sustainable 

software development. Based on this goal, we have defined the main question followed by 

three sub-questions to reach the main goal and objectives.  

Main RQ: How can test automation practices and tools lead to sustainable software 

development?  

Test automation is one phase of the software development life cycle, and its practices and 

tools affect the software development process in many ways.   

RQ1: What are the main characteristics of sustainable software development?  

The discussion of sustainable development is getting more attention from the IT industry 

since its growing characteristic of carbon footprint, which increases of more responsive 

towards this along with other social aspects. The research question suggests an interest in 

comprehending the essential features or characteristics that set traditional or less sustainable 

techniques apart from sustainable software development. It forces a closer look at the crucial 

components that make it possible for software development techniques to adhere to 

sustainability principles, considering environmental, social, and economic factors. Through 

the question, we try to identify the main characteristics of sustainable software development 

and their consideration from the industry.  

The research question describes and identifies the fundamental traits that set sustainable 

software development apart, offering helpful information for businesses and practitioners 

attempting to integrate sustainability into their software development processes. 

RQ2: What are the challenges to achieving sustainable software development?  

Software engineering companies' main objective is to develop, deliver and maintain the best 

quality software products that are useful for their users and valuable for their customers. The 

research question indicates an investigation of the particular challenges that prevent the 

adoption and effective application of sustainable software development methodologies. It 

calls for further research into the reasons or problems that pose obstacles to the software 

development lifecycle's incorporation of environmental, social, and economic sustainability 

considerations.  
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By addressing this research question, it will be helpful to identify areas that need attention, 

develop methods to get around obstacles and create recommendations to encourage 

organizations and practitioners to use more sustainable methods for software development 

by looking into the difficulties associated with achieving sustainable software development. 

RQ3: What test automation practices and tools can be used in sustainable software 

development?  

Software development must include software testing. Correctly structuring the complex 

activity can sometimes take time and effort. In a way, it also promotes maximum 

effectiveness. This complexity makes it important to evaluate tools and techniques 

frequently to ensure we adhere to best practices. The findings of this research question can 

offer organizations and practitioners helpful advice on how to pick and use test automation 

techniques and technologies that support sustainability goals. These may involve techniques 

like priorities tests according to how they will affect sustainability objectives, making use of 

resource and time-efficient automation frameworks, incorporating sustainability metrics into 

test reporting, or using tools that support energy-efficient testing procedures. According the 

systematic literature review conducted by (Garg, R., Suman, G., & Jindal, A., 2020) about 

sustainable software development declared that studying test automation practices and tools 

will help develop policies, frameworks, and recommendations that support testing 

methodologies that are socially conscious, environmentally conscious, and economically 

viable by investigating the test automation practices and tools that support sustainable 

software development. 

Today's organizations recognize the importance of minimizing their environmental effect 

and enhancing the social and economic sustainability of their activities, making sustainable 

software development an increasingly significant topic. Researchers can contribute to 

enhancing the general sustainability of software development by researching ways to make 

test automation techniques and tools more sustainable.   

Test automation is a crucial component of current software development processes as it can 

significantly enhance the effectiveness, efficiency, and quality of software systems. 

However, the cost and challenges associated with test automation can slow adoption. 

Researchers can play a vital role in making sustainable test automation more accessible and 

cost-effective for businesses by researching best practices and technologies in this area.  
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A variety of sustainability issues, such as energy usage, software and hardware needs, and 

maintenance expenses, can be raised by test automation processes and tools. Researchers 

can address these sustainability issues and improve test automation over time by researching 

these difficulties and come up with solutions.  

The establishment of software development tools and practices can benefit from the 

knowledge gained through research on test automation techniques and tools for sustainable 

software development. This contains standards and best practices for integrating test 

automation into agile and DevOps processes. It also includes rules and standards for 

sustainable software development.  

The study is entirely empirical and is based on findings from interviews with software test 

specialists in the industry. The study's interview subjects were chosen from businesses that 

produce highly technical software products and applications. We mainly target consultation 

companies to get the current picture of the industry on a general scale. We conducted semi-

structured interviews with software test professionals in 5 companies. All the interviews 

were tape-recorded for further analysis. Apart from the interview, we conducted a survey to 

further verify the interview results.  

The paper is structured as follows: Section 2 presents related work, while Section 3 explains 

the research methodology where qualitative and quantitate research techniques are used. In 

Section 4, we display the interview and survey findings. Finally, in Section 5, we discuss the 

observations and findings' validity, while Section 6 presents the overall conclusions. 
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2  Related work 

This section provides a theoretical overview of state-of-the-art research related to software 

test automation and sustainable software development. Also, the most important notions are 

related to the scope of the current study.  

The related work of this study was carried out by following the snowballing method since 

the initial related article count was low. Used backward and forwarded snowballing extend 

the number of related studies. We searched for similar studies in the ACM, IEEE, and Google 

Scholar digital libraries (September 2022). The data extraction step is performed by 

considering the general data, such as the author, title, and abstract of research papers. Also, 

we consider the specific data about Test automation Practices/Tools, characteristics of 

sustainable software development, and challenges of sustainable software development. 

The reference model of GREENSOFT (Naumann, S., Dick, M., Kern, E., et al. 2011) 

characterized the sustainability software and its engineering by four sections such as the 

software product life cycle, software product criteria, and metrics which define and are used 

to measure sustainable considerations, procedural models for the different phases of the 

development cycle, and tools and actions that provided as recommendations. The provided 

framework for evaluating and applying sustainability factors into software development 

processes is provided by these characteristics. However, particular characteristics could 

change based on the situation and the application domain. 

Based on the analysis by (Rathod, P., Julkunen, Kaisti, V. T., & Nissila, J. 2015) indicated 

that the use of the ITU-T X.805 framework for automatic acceptance testing of web 

application security. Despite its emphasis on web application security testing, the article 

might not describe sustainability characteristics directly. However, they declared that it is 

crucial to remember that sustainability factors can be incorporated into a number of software 

development processes, including security testing. 

According to (Calero, C. Bertoa, M. F., & Moraga, M. A. 2013) classification, sustainability 

characteristics can be divided into three types. The first characteristic is that it is considered 

by itself as sustainable related. In other words, we can define it as “freedom from risk.” The 

second characteristic they defined is characteristics that do not consider sustainability that 
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has a direct impact on it. The third type they mentioned is the sustainable version's 

characteristics that do not make sense from a sustainability perspective. As an example, 

security can be considered. Based on these classifications, they have derived that the first 

type represents an initial effort from the standard to be considered sustainability aspects. The 

second type consists of the characteristics mainly related to software requirements and its 

functional features, which are preferable to include an adapted sustainable version. Finally, 

the third type mainly considers characteristics that are required to be involved with the 

software product's capabilities rather than focusing on its requirements. 

As per (Wohlin, C., Aurum, A., & Jeffery, R., 2006) observation, the key elements of 

sustainable software development include a few guidelines and procedures designed to 

reduce unfavorable effects on the environment, society, and the economy during the software 

development lifecycle. While the particular characteristics may vary based on the 

frameworks or models, some common characteristics include environmental considerations 

where sustainable software development places immense value on lowering energy use, 

cutting carbon emissions, and maximizing resource efficiency. In order to lessen the 

environmental impact of software systems, this can entail implementing green computing 

methods, utilizing energy-efficient hardware, optimizing algorithms, and making use of 

virtualization techniques.  

Also, (Mell, P., & Grance, T., 2011) further emphasize that the long-term economic viability 

of software systems is taken into account during sustainable software development. It 

includes increasing the software's cost-effectiveness, minimizing maintenance requirements, 

and making sure the software is in line with the organization's financial objectives. This is 

possible with efficient resource management, scalability, and a dedication to providing 

stakeholders with value.  

Further, the idea of continuous enhancement is embraced in sustainable software 

development. It promotes frequent feedback loops, iterative software development, and the 

integration of sustainability issues at every stage of the software development process. This 

entails drawing lessons from the past, putting those lessons into practice, and adjusting 

techniques to meet changing societal and environmental needs. 

Based on past research studies, the following items can be listed as characteristics of 

sustainable software development. 
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Table 1. Sustainability characteristics along with frequency occurrence in past studies 

Characteristic No. Sustainability Characteristic of Software development Frequency 

(N = 14) 

% 

CR1 Software product criteria and metrics 2 14.29% 

CR2 Procedural models in software development 1 7.14% 

CR3 Actions and tools recommended 1 7.14% 

CR4 Availability, lasting reliability, flowless integration, and 

scalability 

2 14.29% 

 

CR5 An initial effort from the standards 2 14.29% 

CR6 Software requirements 3 21.43% 

CR7 Software product capabilities 1 7.14% 

 

When incorporating sustainable practices into their operations, many software development 

companies encounter difficulties. They appear to put in a lot of work, despite knowing how 

important it is to include sustainability in their everyday operations. According to (Betz S., 

& Caporale, T. 2014), one of the major obstacles for software businesses is to incorporate 

the produced solutions into "easy-to-use" products and convince users to use them without 

any effort. When examining research on sustainability in software system engineering, a 

multidisciplinary approach presents a significant challenge based on their observations 

regarding the difficulties of developing sustainable software. 

The result of the analysis by (Salam, M., & Khan, S. U. 2018) identified fourteen risk factors 

or challenges in sustainable software development. Out of those fourteen issues, we have 

selected the ones most pertinent to this research study's topic, such as the absence of green 

standards for engineering processes, which are essential to the SDLC. The next challenge 

we can highlight is poor software design, where several design risks are normally associated 

with software development. For instance, employing multidimensional designs may 

necessitate revamping, which uses additional resources. Finally, as another challenge, they 

mentioned the lack of coding standards, which could lead to various problems, such as the 

impact on the environment and economy where redundancy code structures, nested loops, 

and unhandled data flow consume more energy. 

Based on past research studies, the following items can be listed as challenges that occur 

when achieving sustainable software development.  
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Table 2. Challenges in sustainable software development along with frequency occurrence 

in past studies 

Challenge No. Challenges in sustainable software development Frequency 

(N = 14) 

% 

CH1 Sustainable scalability 2 14.29% 

CH2 Decentralized connections between various information 

levels that are affordable 

1 7.14% 

 

CH3 Reusing test cases and bringing the testing process into 

compliance 

1 7.14% 

 

CH4 Reduces the amount of energy used by extra resources 

during the manual testing procedure 

1 7.14% 

 

CH5 Highly manual practices in software testing 2 14.29% 

CH6 New emerging goals and funding opportunities in software 

development 

3 23.07% 

CH7 Lack of awareness of existing tools and 

lack of support for collaboration 

2 14.29% 

 

CH8 Slow feedback on the development work 2 14.29% 

CH9 Software maintenance 3 21.43% 

 

The Green Software Development Model by Sanath. S and Raghavendra. E. (2011,12) 

presented various methods that can be used to make software development and the software 

itself more environmentally friendly. In this case, we will focus more on the process model's 

software product testing phase. According to their remarks, software products are tested, 

verified, and validated for their correctness in the testing phase. Also, unit testing plays a 

major role when verifying the software is free from defects at a more granular level. If the 

development team can find defects early as possible, it will lead to reductions in the changes 

required in the software. On the other hand, encouraging test automation reduces the manual 

errors that could occur during testing and development. Furthermore, test automation 

emphasizes the reusability of test scenarios and standardized test procedures. According to 

their model, performance testing and resource profiling should also get importance and 

attention with the involvement of test automation in the testing process. When we consider 

performance testing practices (Mohankumar, M., & Anand, M. K., 2016), emphasis on 

conducting performance testing with the help of a tool falls under the technical dimension 

of sustainability-related approaches. Further, the testing team should ensure the energy 

consumption by the tool along with secondary and third-order sustainability impacts. 

The research paper (Eldh, S. 2020) mentioned that there may be characteristics in adjacent 

fields that still require invention, such as service. The area's sustainable and moral practices 
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are the focus. deterioration, context changes, and other updates. Quality attributes and 

ongoing development cost ethical and sustainable savings. general things to think about 

Process maintainability and the addition of new elements. These broad descriptions of levels 

will advance maturity. 

According to a study by (Renzel, D., Koren I., Klamma, R., & Jarke, M., 2017), commercial 

software suppliers find it difficult to conduct sustainability design inside software 

engineering due to a lack of methodology and tool support. They also stated how the project's 

convergence increased after a CI system became available. Additionally, planning activities 

like hackathons and coding contests open doors for forming important connections across 

projects, exchanging best practices, promoting awareness, and maintaining project outcomes 

as contributions to other software development projects. 

Based on past research studies, the following items can be listed as test automation practices 

and tools used in sustainable software development. 

 

Table 3. Practices and tools in sustainable software development along with frequency 

occurrence in past studies 

Practice No. Practices and tools used in sustainable software development Frequency 

(N = 14) 

% 

PR1 Capability Maturity Model 2 14.29% 

PR2 Test Automation Improvement Model (TAIM) 1 7.14% 

PR3 Continues integration (CI) 3 21.43% 

PR4 Agile practices 2 14.29% 

PR5 Test automation maturity for continuous development 2 14.29% 

 

Despite the studies on test automation methods and tools, there are some gaps in the literature 

on how software test automation can affect sustainable software development. There has 

been some research on the advantages and difficulties of software test automation, but more 

empirical study is required to determine how long test automation methods can last and 

identify test automation practices and tools which can affect sustainable software 

development at the industry level. Although some study on test automation in the context of 

DevOps and agile techniques exists, further research is required to determine how test 

automation may be incorporated into these methodologies for long-term software 
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development. Considering test automation's potential to help continuous integration and 

continuous delivery techniques is part of this. Since some research has been done on the 

technological components of test automation, more must be done on human issues. This 

entails examining how collaboration and communication play a part in test automation 

techniques as well as how test automation affects the work of software developers and testers 

during the software development process. 

However, in general, past research studies are concerned that organizations may reduce their 

environmental effect, maximize resource use, cut costs, improve customer happiness, adhere 

to regulations, and have a positive social impact by integrating sustainability into software 

development techniques. This benefits the organization across all levels as well as helping 

to make the IT industry more sustainable and responsible. 
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3  Research Methodology 

Test automation is an essential topic when it comes to the software development process, 

where it improves reliability, efficiency, and quality assurance (Srinivasan, S. 2019). Also, 

the usage of software test automation in sustainable software development has been 

identified as key practice (Dikert et al. 2016). To clarify this further, empirical qualitative 

analysis followed by grounded theory has been applied. In this case, grounded theory is well 

acknowledged in the literature the use of an empirical research methodology in examining 

the experiences and perceptions of software development professionals about test 

automation practices and tools for sustainable software development (Bhattacharya & 

Neamtiu. 2017).  

As part of the data-gathering process, we conducted semi-structured interviews with five 

different Finnish companies that directly work for the information technology (IT) industry. 

It enabled us to collect rich and detailed data that can provide in-depth insights into the 

experiences and perceptions of software development professionals. To get an overall 

picture of software test automation in sustainable software development at the industry level, 

we have conducted and survey which helped collect data from a bigger, more varied sample, 

allowing for more conclusive results. Also, a survey can help validate and supplement the 

qualitative findings of the semi-structured interviews (Chen, K., Li, L., & Wen, L. 2018). 

3.1  Data collection 

The data collection consists of five semi-structured interviews with software test 

professionals followed by a survey of around 26 participants. For the interviews, the 

selection focus group included different business domains and different sizes of companies 

(Table 4) targeting release managers, test managers/leads, and experienced software test 

automation engineers to understand the current industrial situation regarding sustainability 

software development. Interviews were done during the spring of 2023. 
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Table 4. Description of interviewed organizations 

Organization Business Organization 

size/Operation 

Case A Cargo handling IT solutions and services to ports Medium/International 

Case B IT Services and IT Consulting Medium/National 

Case C Telecommunications Large/International 

Case D Digital Transfer Pricing Medium/National 

Case E Industrial Machinery Manufacturing and IT consultation Medium /International 

 

Sixteen semi-structured questions were categorized into four parts and questions related to 

software testing and test automation, sustainable software development, challenges, and 

benefits of software test automation were used in the interviews. The entire interview was 

tape-recorded for later qualitative analysis and concept expansion. The interviews were 

conducted online with one representative from each group and typically lasted one hour. 

The major goal of this strategy was to obtain a deeper understanding of how software test 

automation processes and tools are generally used in software development and to determine 

whether test automation has any impact on the sustainability of software.  

In addition to the semi-structured interviews, we also carried out a survey with 10 

questionnaires. The major goal of this study is to gain a deeper knowledge of software 

development professionals' views and experiences with reference to software test automation 

in sustainability software development. 

3.2  Data analysis 

The software development processes, and testing practices and tools were further 

emphasized using a grounded theory approach. By analyzing further could learn more about 

testing and test automation-related ideas such as various testing techniques, test strategies, 

and testing tools by interviewing people from various roles in the production organization. 

Later, this data might be compared across organizations, enabling theories about the 

applicability of test automation and testing tools in sustainable software development.  

The grounded theory defined by (Glaser, B., & Strauss, A.L., 1967) consists of three steps 

followed by open coding, axial coding, and selective coding for data analysis. The first step 
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entails grouping the obtained data into higher-level categories and defining it into conceptual 

codes.  

Although some of the categories may originate from themes discovered in interviews or 

research questions, most of them are created during the coding process. In open coding, 

categories are typically split, merged, formed, and deleted in order to evaluate and explain 

the data from the perspective of the research questions. 

Axial coding is the following stage. Once the categories and observations are established, 

they can start. The relationships between numerous categories are looked at in this step, and 

conceptual mapping is used to construct links. 

Selective coding, the last step, establishes the core category. The primary phenomenon or 

activity that underlies most, if not all, observed behaviors falls under the core category. The 

core category can be an existent category or an abstract class that mixes the other categories. 

When the core category has been established and the classified findings have been further 

extended to develop hypotheses that encompass the observed behaviors, a grounded theory 

model is produced. Test Automation in Sustainable Software Development was the primary 

category considered in this study. 
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4  Results and observations 

In this section, we report and discuss the results of semi-structured interviews and surveys 

based on the research questions that we defined at the initial stage of this research. First of 

all, through the interviews we conducted with five different companies' software test 

professionals, we were able to identify the sustainability considerations during software test 

automation. And current understanding of sustainability aspects and the challenges and 

benefits are introduced in the first part. Secondly, based on the interview results, we further 

elaborated the observation through survey results. 

4.1  Test Automation Interviews and Qualitative Study 

Software test automation usage in sustainability software development was analyzed based 

on the interview with the focus organization. All the participants have more than ten years 

of experience in software testing and test automation. The interview questions were divided 

into four categories. Firstly, to get an understanding of the interviewees' background we 

asked the number of years of experience working in software testing and test automation. 

Most of the interviewees have more than five years of experience in test automation and ten 

years of experience in overall software testing. Also, the interviewees work in medium to 

large Finnish national and International companies. Description of the case organizations 

can be found in Appendix A. 

According to the codification of the grounded theory, the categories were chosen for the 

analysis based on their potential to explain the variations in how test automation is applied 

in the software development process from the sustainability perspective and their capacity.  

The category "Automation usage and coverage" refers to the effectiveness of the coverage 

provided by test automation as well as how much of it is used during the software testing 

process. It focuses on the degree to which automation is used, the software components that 

are subject to automated testing, and the accuracy and dependability of the test coverage 

attained. Based on the results, regression and stress testing were the primary application 

areas of test automation, with few functional and smoke test implementations.  
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The category “Test automation impact” explains how test automation has affected how 

software products are maintained and updated. In other words, it emphasizes how applying 

test automation techniques impacts the processes involved in maintaining current and 

functional software products. 

The category “Test automation challenges” describes the challenges, difficulty, and 

complexity that businesses could experience when putting test automation processes in place 

and keeping them up to date. While test automation has many advantages, it also raises a 

number of difficulties that must be resolved for successful adoption. 

The category “Adaptation of Tools and Practices” refers to the process of implementing and 

maintaining test automation in a software development environment by integrating and 

adjusting tools and processes. It entails assessing, choosing, and adapting automation tools, 

frameworks, and processes to meet the organization's distinctive objectives and expectations. 

Lastly the category of “Sustainability consideration” describes the adoption of sustainable 

practices and concepts into the software development process in order to be socially, 

ecologically, and economically beneficial. The possible effects of software development 

operations on the environment, society, and long-term economic viability must be 

acknowledged and addressed. Also, try to understand whether sustainability is considered a 

factor in the software development process. Table 5 provides a thorough breakdown of test 

automation categories based on the case organizations.  

In this section, we further extract the categories and elaborate more on the organization case 

results to create hypotheses for test automation usage in sustainable software development. 

The reason for creating hypotheses is to compare and identify if there are similarities or 

differences between the organization cases. 

Hypothesis 1 (Test automation has more contribution to regression testing and increases test 

coverage).  The usage of test automation was observed in regression testing which ensures 

that existing functionality remains intact after changes or updates. Automated regression 

tests assist in identifying any unintended consequences or regressions that may happen as a 

result of changes, maintaining the software's stability and long-term viability. 

“Close to 100% test has been automated. Basically, regression testing relies on 

test automation pretty much and it saves the testing time.” - Senior Tester, Case 

B. 
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“Most of the regression test scenarios are automated but we have some cases 

where it is a bit tricky when the embedded systems are involved. But we try to 

automate those cases with the help of emulators” - Tester Manager, Case C. 

“We are trying to maintain more than 90% automation test rate and use the test 

automation in some cases like running the same test under different conditions 

(e.g., environments, data sets, etc.)” - Test automation engineer, Case E. 

Almost all the organization cases use test automation in regression testing and try to increase 

the test coverage. More than 85% (test coverage) of regression test cases are automated on 

average. In some cases, try to maintain 100% test coverage in test automation. Also, results 

emphasize that by running a lot of test cases in different conditions, automation helps test 

engineers achieve more test coverage. Automation makes it possible to handle a variety of 

settings, data sets, and edge scenarios that would be difficult to handle manually. Increased 

test coverage makes ensuring that potential flaws are found early on, lowering the chance 

that problems will arise in production and improving the software's overall quality and 

durability. 

Hypothesis 2 (Test automation has a positive impact on timesaving along with productivity 

improvement). Test automation has a profound impact on sustainable software development. 

Results imply that test automation significantly reduces the time and effort when it comes to 

testing repetitive test scenarios. 

“Once our first automated test suite was integrated into CI/CD pipelines, defect 

identification was faster during the rapid changes to components.” - Lead 

Tester, Case A. 

“A process-wise, I think test automation helps a lot. In that sense, it forces us 

to think about certain aspects of our work and improve productivity at some 

point.” - Senior Tester, Case B. 

“If we include DevOps and such things along with test automation, we could 

have better benefits from the time and efficiency point of view.” - Test 

automation engineer, Case E. 

Organizations' case results imply that test automation significantly decreases the time and 

effort needed for testing tasks, allowing teams to spend resources more effectively. Also, 

automated tests can be run more quickly and often with the involvement of CI/CD, which 

speeds up defect detection and shortens the testing cycle. This effectiveness contributes to 

sustainable development methods, resource optimization, and the streamlining of the 

software development process. 
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Hypothesis 3 (Failing to upkeep and maintain automated tests as software evolves can lead 

to false positives or ineffective test coverage). As we observed, while test automation has 

many advantages, it also raises a number of difficulties that must be handled for successful 

automation implementation. 

“If the test automation has existed for quite a long time unattended and is not 

so maintained, I noticed that there might be issues with that. It can give some 

false positives or false negatives outcomes - Test automation engineer, Case 

E. 

“I think we have a misunderstanding about automated test suits integrated with 

CI/CD pipelines. We think that when it's done, it's done and there is no need 

to maintain it and it magically runs. But this could lead to huge problems 

lately.” - Test Lead, Case D. 

“How the product testing is done in the last stage and identifying defects in 

later affect product cost, the similar kind of effect can be made by the not 

properly maintained automated test suites” - Lead Tester, Case A. 

Case E and Case B have real experience with unattended and not frequently maintained 

automated test suites. According to those cases, the reason is the lack of time to check the 

status of those test suites. Apart from that, overall results indicate that to obtain up-to-date 

software changes, test automation needs constant upkeep and maintenance. Allocating 

enough time and resources for maintaining and upgrading automated test scripts may be 

difficult for testers with deadlines. The added maintenance work may become burdensome 

and may have an effect on how long the testing procedure can last. Case C faced different 

challenges compared to other cases. They emphasize that initially, the estimated cost of 

implementing and adapting automation to the existing testing process was a bit higher than 

continuing with manual testing. 

Hypothesis 4 (Integrating and modifying tools and procedures in a software development 

environment is necessary to implement and manage test automation efficiently). Based on 

the results of the cases it is indicated that selecting the appropriate automation tools is 

essential for a successful implementation. Organizations must assess various tools according 

to their capabilities, suitability for the technological stack, usability, scalability, and 

community support. The choice of tool should be in line with the organization's goals, 

budget, and particular testing requirements. Most of the selected organization cases are 

involved in providing IT services with different business domains.  
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But there is no indication that the business domain has influenced the adaptation of test 

automation tools or practices. In many cases, test automation has become a topic as an 

enabler for more efficient and effective software development with quality. 

“When we think about adapting new tools or practice to our project, we mainly 

consider the technical stack (how confident are we with this tool or practice as 

a team, is it really new to us, how long will it take to learn” - Test automation 

engineer, Case E. 

“I think we have this misunderstanding about test automation integrating into 

our projects. Because it’s a thing now in the industry and everyone does 

automation, we also should do it kind of mindset. I know there could be many 

situations where we cannot include automation in projects.” - Lead Tester, 

Case A. 

“In our case, we mainly consider the integration option with (CI/CD, Test 

management tools), reporting capabilities and maintenance effort, project 

budget, etc.” - Senior Tester, Case B. 

Hypothesis 5 (Organizations may contribute to more sustainable and responsible technology 

ecosystems by including sustainability principles in software development). By looking into 

the outcome of the organization cases, we can state that software development organizations 

seem not likely to in sustainability factors such as energy efficiency, social awareness 

impact, energy efficiency, etc.  

“I’ve heard about it [sustainability], but really haven't studied about it much. I 

suppose there are some aspects that I am a little bit familiar with. We do use 

service-based quite a lot and that uses power in many cases and it's in server 

space which must be cooled down and consumes power. In that sense, I would 

say that we are not sustainable at the moment” - Senior Tester, Case B. 

“We don’t have any sustainability goal defined in our project or organization 

level. But recently we have been concerned about power consumption, which 

basically raised from the organizational level.” - Test automation engineer, 

Case E. 

“Since we are using a very heavy method of virtualization, all the test 

environments at once and those are using quite heavily the server space which 

power consuming.” - Lead Tester, Case A. 

Based on the organization case results, cases A, B, and E are more concerned about energy 

consumption with regard to sustainability in software development. The other two cases have 

limited awareness and consideration of sustainability from the project and organizational 

point of view. Organization case D mainly highlighted that the involvement of practices such 
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as proper requirement analysis, design, implementation, and encouragement of reusability 

would contribute to sustainable software development. Case C mentioned about using the 

open-source components may help from an economical point of view. 

 

Table 5. Test automation categories affecting sustainable software development in case 

organizations. 

Organization Usage and 

coverage 

Automation 

impact 

Automation 

challenges 

Adaptation of 

Tools and 

Practices 

Sustainability 

consideration 

Case A Regression and 

smoke testing 

85% 

Faster defect 

identification, 

repetitive test 

execution time 

decreased 

Test suite 

maintenance 

and upkeep 

Not the only 

option to assure 

product quality 

Energy 

consumption 

Case B Regression 

testing, 100% 

Increased team 

productivity 

Test suite 

maintenance 

Integration 

options. 

Reporting 

Energy 

consumption 

 

Case C Regression and 

Functional 

testing, 80% 

Quality 

control, early 

defect 

detection 

Cost of test 

automation 

development 

and adaptation 

to existing 

process 

Maintenance 

effort and 

integration with 

the exciting test 

process 

Economic 

viability 

(using open-

source 

components) 

Case D Regression and 

Performance 

testing, 90% 

Improved test 

coverage and 

QA 

Test suite 

maintenance 

Implementation 

cost with skill 

development 

Proper 

requirement 

analysis, 

design, 

Promote 

reusability, 

Case E Regression and 

Compatibility 

testing, 90% 

Increased 

efficiency 

False positive 

and false 

negative 

outcomes 

from not 

maintained 

test suites 

Considering 

scalability and 

technical stack 

Energy 

consumption 
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4.2  Test Automation Quantitative Study 

During the quantitative study, we conducted a survey where the population consisted of 26 

experienced test automation engineers. The primary motivation for this survey was to collect 

quantitative data about test automation practices and tools companies use in the software 

development process. Our first round of data collection (interview) involved a limited 

number of participants, making it difficult to generalize the findings to a large population 

(Fink, A. 2019). The survey data provided statistical evidence to validate further the 

qualitative data we received through the interviews. 

According to the survey, there is a wide range of experience among the respondents when it 

comes to software testing and test automation. More than five years of experience in software 

test automation has the highest percentage of responses, followed by two to three years of 

experience. Equal numbers of respondents have 4 to 5 years of experience in software testing 

and test automation as they do with 1 year of experience.  

We asked the participants to select all the software test automation tool types they used in 

their projects. According to the results depicted in Figure 1, with 86% of respondents 

indicating their presence, Continuous Integration (CI) tools have the highest tool adoption 

rate in the organization. Regression testing tools and test management tools are also widely 

used, with adoption rates of 72.5% and 56%, respectively. Performance testing tools have 

the lowest acceptance rate, with only 36% of respondents indicating their use. 

 

Figure 1. Test automation tool types used in the projects. 
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The survey respondents were also asked to select all the software test automation practices 

that they use in an organization or project. The survey indicates that a sizeable portion of 

business or project participants uses different software test automation practices. The most 

frequently followed practice is "regularly review and update test scripts," according to 84% 

of respondents. "Test early and often" (80% of respondents) and "prioritize tests" (76% of 

respondents) are other techniques that are frequently engaged. With 68%, 64%, and 56% of 

respondents reporting usage, respectively, "select the right tools," "run tests on multiple 

platforms," and "leverage test automation frameworks" have slightly lower adoption rates. 

These findings (Figure 2) imply that the project or organization places a strong emphasis on 

the value of test script modifications, early and frequent testing, and test prioritizing. In terms 

of tool selection, cross-platform testing, and the use of test automation frameworks, there 

might be room for additional development. 

 

Figure 2. Test automation practices used in the projects. 

 

To further understand the usage of the test automation tools and practices, we asked the 

survey participants about improvements they noticed in their software development process 

after implementing them. 

The survey finds (Figure 3) that using test automation techniques and technologies in the 

software development process has produced a number of beneficial outcomes. The majority 

of responders observed better team productivity, consistent and repeatable testing, and 
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enhanced test coverage. These enhancements show that test automation results in more 

thorough testing, accurate results, and effective use of team resources. 

 

Figure 3. Observed improvements after adopting test automation tools and practices in the 

projects. 

 

While not as frequently noted, a considerable percentage of respondents indicated a quicker 

time-to-market and an improvement in the sustainability of software. This shows that test 

automation may help accelerate software release cycles and produce more sustainable 

software solutions. 

To understand the difficulties of adapting test automation to projects, we asked the 

participant to select the most relevant challenges they have faced while implementing test 

automation practices and tools for sustainable software development processes. 

The survey results show a number of key challenges encountered while using test automation 

techniques and tools in the sustainable software development process. The most frequently 

raised difficulties are resistance to change, a lack of knowledge and experience, and test 

maintenance. These difficulties emphasize the significance of addressing company culture, 

offering sufficient training and assistance, and setting up efficient test maintenance 

procedures. The choice of suitable tools for test automation is another significant difficulty. 

This recommends that businesses carefully consider their options and select the best tools 

per their unique needs and goals. 
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Finally, as shown in Figure 4, a sizable proportion of respondents mentioned costs associated 

with test execution as a challenge. This highlights the significance of considering financial 

matters and striking a balance between the cost of test automation and the intended results. 

 

Figure 4. Challenges faced while implementing test automation practices and tools. 

 

According to the survey results depicted in Figure 4, we can clearly see that “Lack of skills 

and expertise” is one of the main challenges faced while implementing test automation 

practices and tools for sustainable software development. This outcome is further confirmed 

by the results of the survey question “Do you believe that training your team on using test 

automation practices and tools can contribute to sustainable software development?”.  
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Figure 5. Importance of training the development team on using test automation practices 

and tools 

 

The findings from the survey clearly show that (Figure 5) respondents agree that teaching 

teams how to use test automation techniques and technologies may support long-term 

software development. This statement is supported by 38% more respondents than it is by 

62% of respondents who strongly agree with it. 

The fact that all respondents agreed without resistance or with just minor disagreement 

underscores the understanding of the value of training in test automation practices and tools 

for attaining sustainable software development. This result underlines the notion that training 

teams with the necessary test automation skills and knowledge can enhance process 

effectiveness, product quality, and long-term sustainability. 

The survey's findings clearly show the value of supporting training programs that give 

development teams the skills they need to properly use test automation techniques and tools. 

Such training programs can give team members the skills they need to automate tests, include 

them in the development process, and successfully manage the automated tests over time. 

Further, to clarify the test automation specialists’ opinion about the test automation tools and 

practices that they frequently used in their day-to-day tasks which may affect sustainable 

software development we asked, “In your opinion what are the most important test 

automation practices and tools that can help in achieving sustainable software development”. 

The result of the survey question is shown in Figure 5, according to the majority of 
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respondents (85%), Continuous Integration (CI) and Continuous Delivery (CD) are the most 

crucial test automation techniques and technologies for ensuring sustainable software 

development. This result is consistent with the notion that CI/CD approaches support a 

sustained and iterative development process by enabling frequent and effective software 

builds, testing, and deployment. 

The survey also demonstrates how highly regarded Test Automation frameworks are, with 

88% of respondents recognizing their significance for enabling sustainable software 

development. An organized approach to automating test cases is provided by test automation 

frameworks, allowing for more effective testing, quicker feedback cycles, and better 

maintenance of automated tests all of which support long-term approaches to software 

development. 

Despite being regarded as vital by 35% of respondents, automated code review appears to 

be given less priority than CI/CD and test automation frameworks. Automated code review 

tools assist in locating issues with code quality and upholding coding standards, which can 

enhance the sustainability and maintainability of software. 

Also, it is acknowledged that the practices of test data management and test environment 

management, which were rated as important by 27% and 54% of respondents, respectively, 

are crucial for achieving sustainable software development. A more accurate and effective 

testing process is achieved through the effective management of test data and test 

environments, which guarantees the availability of representative and reliable information 

for testing as well as stable and well-configured environments. 
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Figure 6. Most important test automation tools and practices that help in achieving 

sustainable software development. 

 

To understand the organization's level of awareness and actions taken regarding 

sustainability in the context of test automation practices and tools, we asked “Are you taking 

any steps to ensure that your test automation practices and tools are aligned with your 

organization's sustainability goals?”. 

 

 

Figure 7. Actions taking place to ensure test automation practices and tools are aligned 

with organizational sustainability goals. 

 

According to the survey results depicted in Figure 7, a sizeable percentage of 42% of 

respondents are making efforts to match their test automation practices and tools with their 

company's sustainability objectives. These respondents said they were curious to know how 
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this alignment worked. Table 6 lists the steps they currently follow to achieve sustainability 

through test automation.  

 

Table 6. Steps that organizations take to achieve sustainability through test automation. 

Respondent Steps in high-level 

Case 1 We use the same language which is used to develop the software 

Case 2 

Introduced test strategy and have this defined there. Named owner of strategy and 

commitment to obey 

Case 3 

Automation tools that require less time to fix test cases is the go-to way in future rather than 

spending too many hours and cost of resources on test automation scripting maintenance 

Case 4 Writing more test cases in less time. Also, these test cases provide sustainable development 

Case 5 Learning new tools in the automation testing subject 

Case 6 Constantly updated with new versions of the tool to use more features of the testing tool 

Case 7 Continues review of test cases and automated test scripts before each release 

Case 8 Automate repetitive tests only, CI/CD, test prioritization 

 

The further analysis of Table 6 content demonstrates different approaches used by 

enterprises to achieve sustainability through test automation. Organizations can increase the 

efficacy, efficiency, and long-term viability of their software development and testing 

processes by integrating sustainability goals into their strategies, tools, and practices. Below 

is a demonstration of high-level sustainability steps that organizations try to implement 

within their teams. 

Case 1: Using the same language which is used to develop the software: 

Take advantage of their existing knowledge and resources by using the same programming 

language for test automation as they do for software development. By using this strategy, 

developers and testers may work together more efficiently, share code libraries, and keep the 

software development and testing processes consistent. 

Case 2: Introducing a defined test strategy and assigning an owner: 

Understand how crucial it is to have a clear test strategy that describes the goals, parameters, 

and methodology of test automation. Organizations create an organized and coordinated 

approach to long-term test automation procedures by designating an owner for the plan and 

guaranteeing commitment to follow it. Consistency, congruence with company goals, and 

ongoing progress are made possible by this. 
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Case 3: Using automation tools that require less maintenance effort: 

Value automation technologies reduce the time and effort needed to update and maintain test 

cases in order to achieve sustainability. Organizations can cut down on the time and money 

spent on test automation maintenance by choosing solutions with extensive functionality, 

user-friendliness, and effective scripting capabilities. Teams are able to concentrate more on 

the execution and analysis of tests as a result, increasing overall efficiency and sustainability. 

Case 4: Writing more test cases in less time for sustainable development: 

Understand how crucial thorough test coverage is to ensure the dependability and quality of 

software products. Organizations can write more test cases in less time by implementing 

effective test automation approaches, such as utilizing test case generation strategies and 

exploiting reusable components. This strategy promotes sustainable development by striking 

a balance between exhaustive testing and effective resource use. 

Case 5: Continuous learning of new automation tools: 

Organizations urge their test engineers to regularly learn about new tools and approaches in 

the automation testing sector in order to stay up to date and maximize test automation 

procedures. Teams may explore novel ideas, spot areas for development, and take advantage 

of advancements in automation technologies with the aid of this proactive approach. It 

encourages sustainability by keeping up with the most recent innovations and industry 

standards. 

Case 6: Constantly updating with new versions of automation tools: 

Place a high priority on staying up to date with the newest versions and features to realize 

the advantages of automation technologies. Organizations can take advantage of the 

improvements and advancements in the tools offered by actively tracking and implementing 

new versions. Teams can improve their testing skills, streamline procedures, and achieve 

sustainability through greater efficiency and effectiveness by using this continuous 

improvement strategy. 

Case 7: Continuously reviewing test cases and automated scripts: 

Understand the value of continuous quality control for automated scripts and test cases. 

Before every release, companies do routine evaluations to make sure the test assets are 
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correct, up-to-date, and in line with changing customer requirements. This iterative review 

procedure aids in locating and resolving any potential problems, ensuring reliable and 

persistent test automation procedures. 

Case 8: Automating repetitive tests, implementing CI/CD, and test prioritization: 

Apply strategies including automating repetitive tests, using continuous integration and 

deployment (CI/CD) processes, and using test prioritization approaches in order to maximize 

resource usage and concentrate on high-value testing tasks. Organizations can decrease 

manual effort and free up testers to concentrate on more challenging and important test 

scenarios by automating repetitive tests. Faster feedback cycles made possible by CI/CD 

procedures allow for the speedy discovery and resolution of problems. Techniques for test 

prioritization assist in allocating testing efforts according to the risk and significance of 

particular features or functionalities, ensuring effective use of resources and long-lasting 

testing methods. 

However, most respondents (58%) said they need to take action to assure alignment, which 

suggests that sustainability issues may not currently be a goal or focus for their test 

automation techniques and technologies.  

As per the survey results, a variety of organizations, including those actively pursuing 

sustainability alignment and those that have yet to begin to move in that direction. The fact 

that the respondents are curious about the high-level procedures suggests they may plan to 

include sustainability issues in their test automation processes and tools.   

To understand the financial impact of test automation on software development, we asked, 

“Have you seen any reduction in your software development costs after implementing test 

Automation practices and tools?”. According to the survey results, most participants (65%) 

reported lower software development expenses due to using test automation techniques and 

technologies. Results show that test automation has improved cost-effectiveness, maybe 

through higher productivity, better resource management, and less human work.  

It's also crucial to consider that 35% of respondents say they haven't noticed any decrease in 

the price of software development. This could be caused by a number of things, like 

difficulties putting efficient test automation procedures into practice, poor tool selection, or 

certain attributes of their development processes. 
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5  Discussion 

Our results from both quantitative and qualitative studies indicate that test automation 

practices and tools adoption and use have a favourable effect on the software development 

process, which is mostly agreed upon by all respondents from interviews and surveys 

conducted. Results emphasize that test management tools, regression test tools, and 

Continues integration tools have a positive impact on software development from the test 

automation perspective. Similarly, literature review results also further elaborate that the 

integration of test automation into continuous integration and deployment (CI/CD) pipelines, 

which lessens the overall testing effort and boosts productivity, supports sustainable 

development methods by lowering the effort and time needed for regression testing.  

Most of the organizational units' interviews and survey results declared that the test practices 

such as “Test early and often” and “Prioritize tests” accelerated through test automation 

provide a positive influence to achieve sustainable software development. Early and ongoing 

testing allows for the earlier detection and resolution of any flaws and problems, halting their 

replication later in the development cycle. This reduces the need for rework, lowers the 

overall bug-fixing effort, and prevents expensive delays. Early and ongoing testing allows 

for the earlier detection and resolution of any flaws and problems, halting their spread later 

in the development cycle. This reduces the need for rework, lowers the overall bug-fixing 

effort, and prevents expensive delays. Early testing encourages proactive quality control, 

which enhances the quality of software and increases customer happiness. In the end, it 

promotes sustainability by lessening the environmental effect brought on by waste, rework, 

and unsatisfied customers. Prioritizing tests entails locating and concentrating on crucial test 

scenarios that have a greater impact on the quality of software or business goals.  

Also, prioritizing tests allows for effective resource allocation to concentrate on the most 

crucial features of the product. This procedure makes sure that testing efforts are focused on 

regions with a higher probability of failure, allowing for the early identification of important 

flaws and vulnerabilities. Furthermore, related studies highlight that prioritization aids in 

resource usage optimization, cutting down on time and effort wasted on ineffective tests and 

encouraging effective testing techniques. Minimizing redundant testing efforts, maximizing 

resource usage, and enabling a more streamlined and efficient testing process, help to 
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promote sustainability. The related studies and survey results show that test automation 

makes it possible to run test cases more quickly, providing quicker feedback on the quality 

of software. This improves customer happiness, shortens the time to market for software 

updates, and supports sustainable development principles. 

On the negative side of test automation adaptation on sustainable software development 

interviews and survey results highlighted that a lack of skills and expertise, test script 

maintenance, and resistance to change as challenges faced when adapting to test automation. 

These challenges draw attention to the importance of addressing organizational levels, 

providing adequate training and support, and establishing effective processes for test 

maintenance. Teams' ability to integrate sustainable practices into their work with test 

automation practices and tools can be improved by providing teams with the essential skills 

and knowledge through training. The related study by (Moe, N. B., & Dingsoyr, T. 2009) 

further elaborates that specialized knowledge and proficiency in tools, frameworks, 

programming languages, and testing methodologies are needed for test automation. 

However, organizations can have trouble locating qualified personnel with the required 

training and expertise in test automation. The effective deployment and ongoing 

maintenance of test automation procedures may be hindered by a shortage of qualified 

professionals. To get beyond this obstacle, it could be necessary to spend money on training 

programs, hire seasoned test automation experts, or upskill current testers. 

To keep up with changes in the product being tested, test automation scripts require routine 

updating. Existing test scripts may be impacted by updates, additions, or adjustments made 

to the program as it develops. To make sure that test scripts are in line with the most recent 

functionality of the product, test engineers must put time and effort into updating and 

maintaining them. False positives, inadequate test coverage, and extra maintenance work 

can result from failing to maintain and update test scripts. As per the declaration by Horgan, 

J. R., & O'Brien, L. (2014) when there are frequent software upgrades or modifications, test 

script maintenance can be difficult and have an adverse effect on the long-term viability of 

the test automation process. 

 

Another challenge that both related studies and survey results of test automation adaptation 

in software development highlighted was “resistance to change” where changing an 
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organization's culture or way of working and managing change are frequently necessary for 

integrating test automation into its software development process. Test automation adoption 

may be hampered by stakeholder resistance to change, including that of testers, developers, 

and management. According to Molyneaux, H. (2009) resistance to adaptation may be 

caused by things like worry about losing a job, lack of experience with automation 

technology, doubts about their efficacy, or worries about having to make more upfront 

investments. Effective communication, stakeholder involvement, and highlighting the 

advantages of test automation in terms of increased effectiveness, accelerated time-to-

market, and overall quality are required to overcome opposition to change. 

Regarding the sustainability aspect of software development, our results indicate a lack of 

knowledge and not much recognition of what sustainability means from the software 

development point of view. Compared to related studies based on sustainability 

characteristics Wohlin, C. stated that decreasing carbon emissions, cutting energy use, and 

improving resource use are the main aspects we must consider. To understand the 

environmental impact of software systems, can entail implementing green computing 

methods, utilizing energy-efficient hardware, optimizing algorithms, and making use of 

virtualization techniques.  

In general, software development must take sustainability into account for several reasons. 

Related work is done by (Hasan, H., & Ahmed, R., 2016) stating that customers and 

stakeholders are paying more and more attention to sustainability. Organizations can show 

their commitment to environmental and social responsibility by incorporating sustainability 

into software development. This can raise consumer happiness, promote brand reputation, 

and draw in clients who care about the environment. Based on the interview results there is 

fair consideration regarding customer satisfaction and reputation mostly in organization 

cases such as IT Services and Consulting.  

The goal of sustainable software development is to maximize the use of all resources, 

including people, infrastructure, and software tools. We may reduce resource consumption, 

avoid waste, and boost overall productivity by implementing efficient development methods 

like test automation and code optimization (Hasan, H., & Ahmed, R., 2016). Further, cost 

savings over the long run are possible with sustainable software development techniques. 

Organizations can save costs related to the creation, upkeep, and operation of software 
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systems by maximizing resource consumption, minimizing rework, and boosting efficiency. 

This can save a lot of money throughout the course of the software's life. 

Additionally, Mell, P., & Grance, T. underlined that during sustainable software 

development, the long-term economic viability of software systems is taken into account. 

Enhancing the program's cost-effectiveness, reducing the need for maintenance, and making 

sure the software is in accordance with the organization's financial goals are all part of this 

process. However, there are some considerations regarding energy consumption, economic 

viability, and reusability based on the results of the interviews which are more similar to 

what literature studies trying to emphasize.  

As per the related study the social impact of software systems is considered during 

sustainable software development. It emphasizes accessibility, inclusion, and resolving 

ethical issues. This entails creating software that meets the different needs of users, 

respecting their privacy and protecting their data, and making sure the software does not 

promote discrimination or cause harm to individuals or communities. But at the industry 

level, there is no such awareness about social impact. Overall organizations are accountable 

for recognizing and making the awareness of the importance of considering environmental 

and social factors in their software development process. 
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6  Conclusion 

The main objective of this study was to observe how test automation practices and tools can 

affect sustainable software development, with automation as the central aspect, at the 

industry level. Our study included a survey with 26 software test automation engineers and 

a qualitative study with 5 experienced software test professionals. In conjunction with the 

results, it is clear from a thorough review of numerous practices and tools that test 

automation is essential for improving the efficacy, reliability, and sustainability of software 

development processes.  

The study shows that test automation reduces the need for manual testing, which saves a lot 

of time and money. Software development teams can concentrate on more strategic and 

creative areas of their work by automating repetitive testing tasks. As a result, on the other 

hand, the software development lifecycle is accelerated, increasing total productivity. 

Also, results depict that the faster feedback loops made possible by test automation ensure 

that problems and flaws are found early in the development cycle. Teams may quickly 

discover and fix issues by integrating automated tests into continuous integration and 

continuous delivery (CI/CD) pipelines, which reduces the time and effort needed for bug 

fixes. This iterative approach promotes sustainability by ensuring the delivery of high-

quality software. 

On the academic side, sustainability is a trending topic, and it's growing faster. Related 

studies mostly highlight the sustainability consideration in software development in general 

but there was no industrial study conducted to understand how test automation affects 

sustainable software development.  

The results highlight the significance of including sustainability issues in software 

development and encourage more awareness and comprehension of social and 

environmental factors. Practical issues including cost-effectiveness, time to market, and 

customer happiness are frequently given precedence in industry considerations. On the other 

hand, academic research frequently focuses on conceptual frameworks, techniques, and in-

depth examination of specific aspects of sustainable software development (Kumar et al., 

2020). The difficulties faced by industry practitioners in real-world situations and the 
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theoretical answers put out in academia may differ due to a change in focus. The ability of 

industrial organizations to invest in long-term research and development initiatives is often 

constrained by time and resource constraints. This may lead to a lack of research on 

sustainable software development approaches that are industry-specific. However, academic 

research benefits from devoted time and resources, allowing academics to explore in-depth 

into particular topics and provide creative solutions.  

Also, the software development industry may advance significantly in embracing 

sustainability and incorporating it as a fundamental principle in software development 

techniques by bridging these knowledge and research gaps.  

Finally, the results of this study can be used to get an overall understanding of the industrial 

consideration towards sustainability, what test automation practices and tools are used in 

common, and their effect on the software development process. Since this study involves a 

limited number of participants in interviews and surveys, the results may differ from the 

broader population from the software development perspective. Also, comparing interviews 

and surveys to other research methods like observations or experiments, they often offer less 

information. Participants might not have had the chance to fully explain or contextualize 

their responses, which could result in data that is shallow or incomplete. Hence further 

research requires to obtain a more generalized understanding of this topic.   
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Appendix 1. Case description 

Case A (Cargo handling IT solutions and services to ports) 

For their product, Case A creates a platform as a service (PaaS). The business is a modestly 

sized, nationally active business that mostly serves industrial clients. It is one of the global 

leaders in sustainable cargo handling for ports, terminals, distribution centers, and heavy 

industry. They have an extensive electric portfolio and global service network, helping their 

customers move towards safer, more eco-efficient, and more productive operations. This 

organizational unit used test automation as a tool for user interface and regression testing 

and for ensuring the quality of its products. Test automation was viewed as a standard 

component of testing techniques used in all software projects. The application was to be 

expanded as part of the automation development plan, despite the fact that the complexity 

of the software and module architecture was seen as a significant barrier to automation. 

Case B (IT Services and IT Consulting) 

Development of Internet service portals for clients including communities and the public 

sector, as well as advice in the Internet service business domain, are the two types of services 

provided by Case B organization. The origination company is medium-sized and conducts 

business globally. Although the addition of GUI test automation has also been suggested, 

their primary resource for test automation is performance testing as a quality control tool. 

Also, a new addition to their automated regression test suite is API testing. Maintaining the 

test scripts as user requirements change is their biggest challenge with test automation. They 

saw that test automation has significantly raised team productivity. 

Case C (Telecommunications) 

Case C is a sizable international company that specializes in B2B technology innovation and 

mostly serves the telecommunications sector. The testing procedures for Case C include 

feature testing, regression testing, and automated document generation. These investments 

are used for quality assurance in order to make sure the program is accurate and functional. 

The cost of developing test automation and integrating it into the current process provides 

the biggest obstacle from the perspective of test automation. 

  



 
 

 

 

   

 

Case D (Digital Transfer Pricing) 

For its corporate client in the banking industry, Case D is a medium-sized, nationwide 

software provider in transfer pricing. They are able to shift their focus from document 

creation and data input to value creation and global insight thanks to a cloud-based platform. 

They currently approach software processes through the use of plans, while certain 

secondary procedures have been used to evaluate various automation possibilities. Although 

some module stress test cases have been automated as pilot tests, the case organization 

currently does not use test automation. In the pilot project, they also started using the Test-

Driven Development (TDD) methodology. The development plan for test automation is to 

generally integrate test automation as a part of their testing strategy, even if it is thought that 

the level of unpredictability and interactivity in the module interfaces makes it difficult to 

employ in test automation cases. 

Case E (Industrial Machinery Manufacturing and IT consultation) 

A provider of technological services, Case E focuses on engineering, technical 

communication, and software and embedded solutions. A sizable, global software provider, 

Case E delivers software solutions for a variety of commercial and governmental sectors. 

The Case organization had previously experimented with test automation in comparison to 

manual testing but finally decided against adopting the system because it was too costly and 

resource-intensive to run. Although several of these technologies are no longer in use, some 

developers still combine them with test drivers and interface studies for regression and unit 

testing.



 
 
 

 

   

 

Appendix 2. Survey Results 

 

 



 
 
 

 

   

 

 

 



 
 
 

 

   

 

 

 

 



 
 
 

 

   

 

 

 

 



 
 
 

 

   

 

 


