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ABSTRACT 

 
Automated software testing (AST) is still immature in Pakistan 
software industry. This raises the question of how AST enablers 
can be used to help software companies improve the quality of their 
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products. This study examines the importance of developers, 
organization, and technical factors. The purpose of this research is 
to enhance AST, which has a significant impact on the quality of 
software products. The study focuses on the software companies in 
Pakistan. The data from 38 respondents from various positions 
related software quality was analyzed by using the structural 
equation model (SEM). The results of the study show that AST 
enablers can improve quality of software products in Pakistan. 
Framework for AST can help software development organizations 
improve software quality, reduce cost and gain market reputation 
with competent trained resources. Results show that "skills and 
competence" were the most influential factors. Furthermore, there 
is no impact from cross-functional cooperation. The results also 
show that the impact of AST on software quality is positively 
significant. The results of the study also highlight all the potential 
factors that are beneficial in influencing AST for quality 
improvement of software product in Pakistan. 
 
Keywords: Automated Software Testing, Return On Investment, 

Knowledge-based View, Knowledge Management, Path Model 
 

INTRODUCTION 

 

   Quality management has been recognized as a means of securing 

competitive advantage for many companies in various industries 

(Roh and Martin, 2018). Technology is growing rapidly, and software 

development is speeding up. At the same time, project managers 

must focus on product quality and customer requirements to achieve 

project success, quality, and end-user satisfaction. They can achieve 

these goals by monitoring regularly or testing software (Lomte et al., 

2014).       
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    Software testing is an important but costly process in software 

development since the 1970s. This process can increase or improve 

software quality by automatically identifying software faults, errors, 

and bugs (Rafi et al., 2012). According to Burnstein (2003), “software 

testing is generally described as a group of procedures carried out to 

evaluate some aspects of a piece of software” or “software testing can 

be described as a process used for revealing defects in software, and 

for establishing that the software has attained a specified degree of 

quality with respect to selected attributes”. As an increase in growth 

of information technology (IT) industry, there have been numerous 

opportunities in shape of web, desktop, and mobile applications. 

Therefore, proper operations without errors in these applications are  
crucial (Lomte et al., 2014).  

    Many companies spend their more time and cost on testing than 

writing codes (Kanth et al., 2013). Now a day, as quality becomes 

one of the biggest concerns, software testing is considered as one of 

the aspects to focus on (Fewster & Graham, 1999). Testing can be 

conducted in implementation phase and includes test activities like 

testing plans, test case execution and data comparison (Jung et al., 

2020). When it comes to software testing, there are several factors 

to consider. Major concerns are whether the chosen testing 

techniques are appropriate for the product, what type of testing 

methods should be used, and how to perform testing (Saraf, 2021). 

    Software applications must be developed to be fully functional 

according to customer requirements (Lee and Rhim, 2014). In 

addition, tests must be performed to ensure that the final product is 

error-free and properly functioning before delivery to the customer 

(Saraf, 2021). A test can be performed by one of the three methods: 

manual testing, automation testing, or hybrid (Dubey et al., 2012). 

Manual testing requires human interaction with the system. That is 

why it is prone to defects. Due to repetitive tasks in manual testing, 

humans get tired of doing it (Torkar, 2006). As per Dustin et al. 
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(1999), AST is a process in which testing activities are automated 

and includes development of test cases, execution and verification of 

the test scripts and use of automated tools.” Testing team must 

implement and run scripts to verify software under being tested 

(Sangave & Nandedkar, 2015). It is a developing kit to test source 

codes, which are already written to increase software efficiency and 

quality (Yalla et al., 2011). It is not possible to automate all tests. 

That is why it is necessary to highlight what type of test cases should 

be automated. Automation testing is done on repetitive tasks e.g. in 

regression testing. Regression testing is a type of software testing 

which is used to verify if existing functionality is working properly 

due to a change in requirement. Manual testing is suitable when 

there are less repetitive tasks (Berner et al., 2005). Exploratory 

testing, for instance, is a type of testing in which examiners explore 

an application to identify potential bugs. 

    Software Engineering is a systematic, disciplined application of 

engineering approaches to software development, its operations and 

maintenance (IEEE 610.12-1990). Kasurinen et al. (2010) stated 

that software engineering (SE) research has two objectives: to 

improve software quality and to reduce cost. As software testing is 

considered as an important part of cost quality, the introduction of 

AST has a possibility to achieve these both objectives, so that 

software testing processes can be improved. 

    Not every company performs the same testing tools in their 

testing processes. It depends on a company’s goals, product 

requirements, product budget, and test team’s experience and 

capability (Saraf, 2021). There are many testing tools available to 

solve testing problems. Different tools are developed depending 

upon testing methodologies and programming languages but 

choosing an appropriate tool is required that supports company’s 

testing requirements. Many prior studies paid attention to AST by 

explaining automation techniques, tools, and approaches (Rafi et al., 
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2012). Despite of the advantages and availability of testing tools, not 

all software organizations in Pakistan are incorporating this change 

(Saraf, 2016).  

    The common challenges of Automated Software Testing (AST) 

include unrealistic expectation that automation testing can replace 

manual testing, poor test automation strategies, organizational 

issues, technical problems, difficulty in maintenance due to 

continuous development, lack of automated testing experts, lack of 

dedicated automation team, lack of top management support 

(Pettichord, 2001; Rafi et al., 2012). 

    To achieve quality, less human effort and time to market, many 

companies are now opting for automation testing, but it is not an 

easy task. It should be done with less effort and within shorter time. 

Companies are facing problems regarding maintenance of 

automated test scripts and development through time-consuming 

automated testing tools (Fewster & Graham, 1999). Due to high cost 

or low return on investment, companies used to neglect to 

implement AST when there is a need to achieve any software 

deadline. Figure 1 shows empirical evidence regarding automation 

challenges and benefits (Rafi et al., 2012).  

    Kumar and Mishra (2016) described that automation testing can 

run and re-run automated scripts multiple times and can provide 

remarkable returns in long run. They also claimed that automation 

testing has positive impact on software quality. It can increase 

overall effectiveness of testing process when there are repetitive 

tasks which are same. Due to lack of automation testing, extra 

resources are required, and quality can be compromised. As per 

Graham (2013), separate teams should be there to perform manual 

and automation testing. There should be a separation between 

tester and automate for the automation to grow and give benefits 

within an organization. He also explains that management support 
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is important without which it is not possible to achieve automation. 

Good automation takes time. They should set realistic expectations.  
 

 
 

  Figure 1. Challenges in automated software testing (AST). 

 

Nowadays, automation software testing has become an 

important technique all over the world, which is used to manage 

software quality, but many organizations failed to implement it. 

Researchers have highlighted the problems due to which 

companies do not implement automation testing. The total effort 

spend on testing is less than expected (Kasurinen et al., 2010). 

Companies use less resources on test automation than required. 

There is a lack of strong test automation strategies in an 

organization. There is a difference between management and a 

tester views regarding automation testing within an organization. 

Maintenance cost is considered as one of the major hindrance for 

automation testing especially for small-scale applications. Many 

companies in Pakistan software industry failed to achieve rewards 

of automation testing due to its challenges. The focus is only on 

manual testing rather than both (Rauf, 2013).   
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   Since some companies and organizations claimed that they have 

incorporated automation testing (Saraf, 2021) but in real world 

how many companies are actually using automation-testing tools? 

Is it true that automated testing can improve software product 

quality in less time? There are also so many other questions like 

how automated test cases are maintained? What strategies are 

used to make it in line with software upgrades, updates, and 

versions? Accordingly, the major question that indicates the gap in 

literature was emerged as: “What are the factors that influence 

automation testing and how automation can be achieved by those 

factors?” 

     This study is divided into following sections. In Section 2, the 

theoretical foundation is reviewed. In Section 3, a research design 

framework was developed. In Section 4, the research hypotheses 

are formulated. In Section 5, the result of data collection and 

analysis was reported and compared with previous studies. In 

Section 6, the implications and suggestions for future studies were 

described. Section 7 presents the conclusion. 
 

LITERATURE REVIEW 

 

In this study, the theoretical foundation is reviewed with the 

Juran’s quality theory and the knowledge-based view theory. 

 

Juran’s theory 

Total quality management (TQM) involves human aspects of 

quality management and project by project quality improvement 

that increases the performance of organizations. Juran’s theory 

and the concept of Juran trilogy attract the attention of many 

scholars in quality management presenting the concept of quality 

control. It is important to improve the quality of products, services, 

and processes to improve business results and achieve customers 
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satisfaction. It is a managerial responsibility to meet customers’ 

needs and achieve quality.  

 

Knowledge-based view theory (KBV) 

Knowledge management (KM) plays a very important role and 

is a very critical factor on which success of organization depends. 

Information in KM has been identified, stored, collected, and 

shared with individuals within an organization (Ransom, 2017). 

Knowledge-based view theory (KBV) of the firm performance 

attracts the attention of many scholars in the arena of economics, 

organizational theory and in strategic management in last decade. 

KM framework includes three aspects: enablers, processes, and 

outcomes (Figure 2). Enablers of the framework are categorized 

into three factors: human, organization, and technology (Lin, 2007). 

Enablers are used to develop individual, technological, and 

organizational capabilities to enable KM in firm. The processes are 

used to collect, share, apply experiences and expertise in the 

organization. The outcomes are used to achieve organization’s 

performance and product quality. 

 
Figure 2. Generic framework of knowledge management (Lin, 

2007). 
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    This study is about automated software testing (AST) 

implementation by using KBV which undertakes that knowledge 

is maintained by individuals not by organizations (Grant, 1996).  

 

RESEARCH METHODOLOGY 

 

  The main function of research design is that how the answer is 

given to the research question and that explanation will leads the 

researchers from broad assumption to data collection and analysis 

(Kumar and Mishra, 20126). The following points will explain each 

phase: first, to identify the research gap a review was conducted. 

There is a lack of automation testing in practice was found. The 

major question of current study that reflects the gap was “What are 

the factors that influence Automated software testing (AST) and 

how automation can be achieved by those factors?” This first 

objective was to identify human, organizational, and technological 

factors that have significant influence on AST in an organization. 

These factors are extracted through literature review. 

In this study, generic KM framework is used to develop research 

model. The model comprises of enablers, processes and outcomes. In 

this research, the main outcome is software quality improvement.  

After developing model and defining hypotheses, measures were 

extracted to test whether the hypotheses are supported or rejected. 

A questionnaire was adopted from previous sources. After designing 

a valid measurement instrument, survey data was collected from the 

Pakistan information technology (IT) industry. Data was collected 

by using cross ended questionnaire with a Likert from 1 to 5. In 

which 1 is “strongly agree,” 2 is “agree,” 3 is “neutral,” 4 is “disagree,” 

and 5 is “strongly disagree.” The data was analyzed by using PLS-

SEM method on SmartPLS 3.0 software and SPSS. 
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Research Hypotheses 

    In current research, based on solutions provided to overcome 

problems in automation software testing (AST) following 

hypotheses were developed. 

 

Relationship between competences or skills and automated 
software testing 
    This refers to the skills and capability of workers in utilizing and 

obtaining Automation software testing (Vo, 2006). Therefore, we 

hypothesized that: 

 

H1. Competences and skills positively influence Automated 
software testing.  
 

Relationship between dedicated automation team and automated 
software testing 
    This refers to dedicated automation team that will implement 

automation software testing. Graham (2013) noted that a separate 

team for automation should be set up, leaving the testers free to 

concentrate on manual testing. Automation required technical 

skills and manual testers do not have such skills. So, there is a 

need of adding separation between manual and automation teams. 

Therefore, we hypothesized that: 

 

H2. Dedicated automation team positively influences Automated 
software testing. 
 

Relationship between top management support and automated 
software testing 
    This pertains to the process by which top management must 

address for automation success and helps to choose best 

approaches for organization. Vo (2006) explained that without 



 

 

 

 

 

 

 
Management Review: An International Journal, 16(2), 1-134 (December 31, 2021). 

ISSN: 1975-8480 eISSN: 2714-1047 
 

 

111 
 

 

 

 

 

management support, the whole automation testing effort can put 

at risk. Therefore, the following hypothesis is proposed: 

 

H3. Top management supports positively influences Automated 
software testing. 
 

Relationship between training and automated software testing 
    This refers to automation training programs for the employees 

to absorb and apply automation testing effectively. Randall stated 

that there isn’t enough time for training in Information Technology 

groups that’s why automation became a challenge for many 

organizations. The previous studies showed that employee training 

has positively associated with automation software testing 

implementation in the firms. Hence, the following hypothesis is 

proposed: 

 

H4. Training positively influences Automated software testing. 
 

Relationship between cross functional cooperation and automated 
software testing 
    This refers to the cooperation between different departments in 

an organization. Vo (2006) explained that there should be a 

communication, collaboration and cooperation among automation 

testers, developers, business analysts and project manager about 

automation plan, scope, time, and what should and should not be 

automated. Accordingly, the following hypothesis is proposed: 

 

H5. Cross functional cooperation positively influences Automated 
software testing. 
 

Relationship between automation strategy and automated 
software testing 
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    This refers to the automation approach that testers will use to 

implement automation software testing. Having good automation 

strategy will help an organization to grow and keep pace with the 

market and can avoid major failures (Adekanmi, 2019). 

Automation strategy should be determined according to the goals 

of organization. Thus, the following hypothesis is proposed: 

 

H6. Automation strategy positively influences automated software 
testing. 
 

Relationship between automated software testing and software 
quality 
    Automation testing plays an important role in developing 

software quality. Kasurinen et al. (2010) stated that automation 

testing is a reasonable tool that enhance software quality. The 

previous studies showed that Automation Software Testing helps 

to reduce cost and increase quality of software (Lomte et al., 2014). 

Therefore, following hypothesis has been proposed: 

 
H7. Automated software testing positively influences software 
quality.  
 
    Figure 2 shows the research model to promote positive influence 

of automated software testing on software quality  
 
Descriptive Data Analysis 
    This study focuses on the software companies in Islamic 

Republic of Pakistan. The respondents in this study are involved 

in software testing and handling customer satisfaction, software 

developers, engineers, and team lead, who are highly 

knowledgeable about software automation testing and product 

quality. Pakistan is also one of the leading software development 
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resource for world where more than 1,000 of software companies 

related to software and IT solutions are registered with the 

Government of Pakistan/ Provincial Governments of Pakistan. The 

personal information including name, phone number, and any 

other contact information from the respondents who completed the 

survey questionnaire and helped in the data generation of this 

study were not asked.  

 

 
 

Figure 2.  Research Framework. 

    

The data collection of this study was completed between August 

2020 and September 2020 during the COVID-19 pandemic/ 

lockdown situation in the Islamic Republic of Pakistan. Maximum 
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outreach to the employees of the companies was done by sending 

the Google survey form via email, WhatsApp, and other social 

platforms including Facebook and LinkedIn. The respondents were 

asked with 38 questions; the questionnaire was sub-sectioned to 

eight parts; four out of 38 questions in Sub-section 1 were 

demographics of the respondents. Thirty-four of 38 respondents (89) 

were valid with the analysis of AST. For the data collection phase, 

a company’s human resource (HR) and administration department 

were contacted who were registered with software technology 

board. Email was sent to renowned companies and an auto-

generated response was received at the Google forms. The data was 

compiled in a spreadsheet initially auto-generated by the Google 

forms which was later analyzed with the statistical tools SPSS®  

and PLS-SEM.  

 

Table 1. Profile of survey respondents 

 

    Table 1 explains demographics of the respondents. The gender 

of respondents was reported to be Male (80.10) and Female (19.90). 

Variables %  Variables % 

Gender 

Male 

Female 

Job title 

80.10 

19.90 

 Professional Experience 

< 2 Years 

< 5 Years 

< 10 Years  

Higher 

 

27.70 

36.90 

25.5 

9.90 

Manual Tester 

Automation Tester 

QA Engineer 

QA Manager 

Developer 

Product Manager 

Executive 

38.30 

22.00 

20.60 

07.80 

04.30 

04.30 

02.80 

 Number of Employees 

<100 

Between 100 & 200 

<500  

Higher 

 

 

 

56.70 

19.90 

10.60 

12.80 
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The current job title of the respondents was widely distributed 

between Manual Tester (38.3), Automation Tester (22), QA 

Engineer (20.6), QA Manager (17.8), Product Manager (4.3), 

Developer (4.3), and Executives (2.8).  Among the respondents, 

most of them (64.60) had working experience between 2-5 years in 

the field of software development. The maximum reported industry 

size in the software industry of Pakistan was less than (<) 100 

persons by 56.7 of respondents and were full time employees 

associated with the company. This shows that the 30.5 of the 

respondents were from medium sized firms while only 12.8 

reported to be big organizations with employees greater than 500.  

 

Measurement Model Assessment  

    The data analysis was done as proposed by Hair et al. (2013). 

The two phases proposed are examination of measurement model 

regarding validity and reliability and structural model by 

assessing the relationship between constructs and the predictive 

capability. This section discuss the measurement model for 

ensuring that the constr uct is measured appropriately. Previous 

studies conducted by Hair et al. (2013) elaborated how to evaluate 

different measurements which are listed below in Table 2.  

 

Table 2. Measure evaluated for using different estimation 

Name of Measure Evaluated for Estimated Using 

Reflective Measure  Indicator Reliability 

 

Internal Consistency 

Term of item loading 

Cronbach’s alpha 

Composite reliability 

Formative Constructs Discriminant Validity 

 

Convergent Validity 

 

Collinearity issue 

Fornell-Larker criterion  

 

Average Variance Extracted 

(AVE) 

Tolerance and Variance 

Inflation Factor (VIF) 



 

 

 

 

 

 

 
Management Review: An International Journal, 16(2), 1-134 (December 31, 2021). 

ISSN: 1975-8480 eISSN: 2714-1047 
 

 

116 
 

 

 

 

 

RESULTS 

 

    The proposed model in this study consists of two latent variables 

(dependent) which are formative and 6 exogenous (independent) 

variables that are reflective.  

 

Factor Loading / Construct Reliability and Validity 

    Table 3 presents the validity and reliability evaluation of the 

reflective constructs. The outer (external) loadings of all indicators 

met the range of 0.7 except five of them, as presented in Table 3.  

 

Table 3. Factor loadings and reliability of reflective constructs  
Factors Construct Item Loading CB α CR AVE 

Human  

Factors 

Competencis and 

Skills (CO) 
CO 1 0.749 0.817 0.870 0.627 

CO 2 0.758 

CO 3 0.827 

CO 4 0.831 
Organi-

zational 

Factors 

Top Managemet 

Support (TS) 
TS 1 0.815 0.730 0.845 0.646 

TS 2 0.798 

TS 5 0.797 
Dedicated Automation 

Team (DT) 
DT 1 0.961 0.723 0.862 0.760 

DT 2 0.773 
Training (TN) TN 1 0.864 0.712 0.874 0.776 

TN 2 0.897 
Cross- Functional 

Cooperation (CF) 
CF 2 0.809 0.774 0.869 0.689 

CF 3 0.852 

CF 4 0.828 
Techno-

logical 

Factors 

Automation Strategy 

(AS) 
AS 2 0.748 0.841 0.885 0.607 

AS 3 0.738 

AS 4 

AS 5 

AS 6 

0.834 

0.817 

0.754 

CR= Composite Reliability; CB= Cronbach’s ; AVE= Average Variance Extracted. Items 
removed:  indicator items are below 0.7: - TS3, TS4, TS6, TN3, TN4, CF1, AS1. 
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The composite reliability (CR) and Cronbach's alpha values of 

all reflective constructions are well above the acceptable range of 

0.7. In addition, all average variance expected (AVE) values 

exceed the limit of 0.5. 0.7 is the acceptable threshold range for 

composite reliability and Cronbach’s alpha. 0.5 is the acceptable 

threshold range for AVE.  

 

Multi-Collinearity and VIF 

Formal constructs of AST and software quality were evaluated 

regarding their collinearity problem as well as the importance and 

relevance of external weights to their indicators. The validity and 

reliability results of these constructs are depicted in Table 4. 

According to Table 4, the results show that there are no tolerance 

issues with formal constructs because both the tolerance 

measurement criteria and the VIF met a threshold of more than 

0.2 and less than 5, respectively, for each indicator of formative 

constructs (Hair et al., 2013). 

 

Table 4. Validity and reliability assessment for formative constructs 

Construct  Items  

Collinearity assessment Significance of 
outer weight (> 
1.96) Tolerance (> 0.2) VIF (< 5) 

Automated 
software 
testing 
(AST) 
Software 
Quality 
(SQ)  

AST 1 

AST 2 

AST 3 

AST 4 

SQ 1 

SQ 2 

SQ 3 

SQ 4 

0.585 

0.458 

0.541 

0.598 

0.659 

0.554 

0.554 

0.577 

1.711 

2.181 

1.849 

1.672 

1.518 

1.806 

1.804 

1.733 

6.716 

10.435 

3.074 

7.016 

6.283 

7.268 

6.826 

4.687 
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Table 5 delineated the results of collinearity evaluation. The 

results show that the tolerance values are greater than 0.20 and the 

values of VIF are less than 5. Thus, they passed the threshold. 

Consequently, all constructions included in the proposed model were 

unrelated and there is no need to eliminate any constructions from 

the model. 
 

Table 5. Collinearity assessment for the structural model 

S. No Factor Type Construct Tolerance VIF 

1 

2 

3 

4 

5 

6 

Organizational 

Organizational 

Human  

Technological 

Organizational 

Organizational 

CF 

DT 

CO 

AS 

TN 

TS 

0.687 

0.701 

0.709 

0.469 

0.645 

0.509 

1.456 

1.426 

1.410 

2.133 

1.550 

1.963 

 

Discriminant Validity  

To evaluate discriminant validity, the measurement model is 

analyzed by cross-loading criteria using PLS. Table 6 shown Fornell-

Larcker assessment, in which square roots AVE of each construct 

should be greater than its correlation with other constructs. 

 

Table 6. Fornell-Larcker criterion 

 AS AST CF CO DT SQ TN TS 

AS 0.779        

AST 0.332 0.789       

CF 0.469 0.246 0.83      

CO 0.491 0.17 0.348 0.792     

DT 0.433 -0.019 0.231 0.378 0.872    

SQ 0.103 0.473 0.119 -0.04 0.034 0.783   

TN 0.366 0.218 0.137 0.31 0.384 0.152 0.881  

TS 0.597 0.338 0.479 0.496 0.388 0.044 0.365 0.803 
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Hence, both criteria of cross loading and Fornell-Larcker 

assessment were met. Therefore, the measurement model reflected 

the valid and reliable regarding the values of their criteria, 

respectively.  

 

Table 7. Cross-factor loading test 
 AS AST CF CO DT SQ TN TS 

AS2 0.748 0.273 0.431 0.300 0.294 0.171 0.273 0.525 

AS3 0.738 0.168 0.392 0.385 0.350 0.036 0.38 0.451 

AS4 0.834 0.211 0.405 0.391 0.337 0.007 0.261 0.483 

AS5 0.817 0.254 0.323 0.447 0.270 0.061 0.233 0.446 

AS6 0.754 0.325 0.301 0.392 0.416 0.089 0.301 0.423 

AST1 0.394 0.829 0.259 0.297 0.139 0.381 0.277 0.308 

AST2 0.268 0.875 0.238 0.127 -0.079 0.440 0.178 0.281 

AST3 0.070 0.716 0.055 -0.020 -0.159 0.299 0.070 0.218 

AST4 0.203 0.723 0.147 0.009 -0.066 0.351 0.086 0.238 

CF2 0.319 0.205 0.809 0.262 0.241 0.091 0.170 0.416 

CF3 0.419 0.206 0.852 0.230 0.157 0.044 0.063 0.419 

CF4 0.431 0.202 0.828 0.376 0.176 0.161 0.107 0.358 

CO1 0.360 0.091 0.281 0.749 0.282 0.021 0.198 0.334 

CO2 0.355 0.068 0.303 0.758 0.239 -0.04 0.153 0.345 

CO3 0.442 0.150 0.219 0.827 0.351 0.037 0.323 0.360 

CO4 0.388 0.175 0.322 0.831 0.299 -0.116 0.25 0.486 

DT1 0.440 -0.021 0.232 0.348 0.961 0.056 0.322 0.378 

DT2 0.280 -0.009 0.155 0.325 0.773 -0.028 0.404 0.287 

SQ1 0.107 0.455 0.157 -0.047 -0.005 0.795 0.154 0.032 

SQ2 0.142 0.373 0.123 0.054 -0.027 0.829 0.148 0.081 

SQ3 0.044 0.345 0.069 -0.072 0.100 0.781 0.109 0.017 

SQ4 -0.001 0.263 -0.026 -0.071 0.060 0.724 0.035 -0.002 

TN1 0.204 0.179 0.047 0.200 0.322 0.137 0.864 0.222 

TN2 0.428 0.204 0.185 0.338 0.354 0.132 0.897 0.409 

TS1 0.390 0.298 0.338 0.428 0.256 0.096 0.289 0.815 

TS2 0.476 0.203 0.346 0.434 0.319 0.025 0.261 0.798 

TS5 0.575 0.293 0.461 0.345 0.363 -0.019 0.321 0.797 
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Table 7 represents cross loading values in which an indicator’s 

outer loadings on the related construct should be greater than of 

all its loading on other constructs (Hair et al., 2013).  
 

Structural Equation Model (SEM) Assessment 

    To evaluate the structural model, the assessment of path 

coefficients is performed through PLS algorithm. The path 

coefficient (β) has standard range between -1 and +1. The value 

that is closer to +1 indicates a strong positive relationship while a 

value that is closer to -1 indicates a strong negative relationship. 

Also, t-values are measured through p-values to determine the 

significance of path coefficients. The path coefficient (β) is used to 

determine the relationship between dependent and independent 

variables. The hypothesis testing is performed by a procedure 

given by Chin (1998). He proposed that path significance can be 

measured through t-values by using bootstrapping procedure. 

Normally, t-value should be greater than 1.96. According to 

previous studies, p-value less than 0.05 proves that hypothesis is 

significant.  

    The results reported in Table 8 contains (1) the path coefficients, 

(2) the corresponding t-values of the paths with the associated level 

of significance marking, and (3) the p-values. The R2 values of 

“AST” and the “Software Quality” which are two dependent 

constructs of this research are 0.208 and 0.223. Path coefficients 

can be seen in Table 8. According to the results, we can say that all 

the paths have significant relationship except for Cross Functional 

Cooperation (CF) effect on Automation Testing. As T=0.865 which 

is way lower than the standard range, and same goes for the p-

value, as p=0.388 which is higher than 0.05 (Figure 4). Cross-

functional cooperation does not have significant influence on 

Automation software testing. So, H5 is rejected. Beta β and T 
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values of all the constructs were measured by using Smart PLS. 

The results are as under:  
 

Table 8. Summary of structural model 

Hypo. Description 
Path  

Coefficient (β) 
t p Results 

H1 CO → AST 0.142 2.650 0.018 Supported 

H2 TS → AST 0.223 2.215 0.027 Supported 

H3 DT → AST -0.275 1.910 0.057 Supported 

H4 TN → AST 0.153 1.912 0.056 Supported 

H5 CF → AST 0.080 0.865 0.388 Not Supported 

H6 AS → AST 0.238 2.172 0.030 Supported 

H7 AST → SQ 0.473 6.816 0.000 Supported 
CO = Competencies and Skills, TS = Top Management Support, DT = Dedicated 

Automation Team, TN = Training, CF = Cross Functional Cooperation, AS = Automation 

Strategy, AST=Automated Software Testing, SQ = Software Quality 

     

Specific Indirect Effect results are shown in Table 9. The 

mediation effect of proposed relationship is significant except for 

the mediation effect between CF (cross functional cooperation) and 

SQ (software quality) is not significant.  

 

Table 9. Specific indirect effect for mediation 

Paths     Indirect Effect    t   p 

CO → AST → SQ 0.014 2.250 0.024 

TS → AST → SQ 0.105 2.052 0.041 

DT → AST → SQ -0.130 1.874 0.061 

TN → AST → SQ 0.073 1.741 0.082 

CF → AST → SQ 0.038 0.841 0.401 

AS → AST → SQ 0.112 2.142 0.033 
Note: CO = Competencies and Skills, TS = Top Management Support,  

DT = Dedicated Automation Team, TN=Training, CF=Cross Functional Cooperation, 

AS=Automation Strategy, AST=Automated Software Testing, SQ = Software Quality 

 



 

 

 

 

 

 

 
Management Review: An International Journal, 16(2), 1-134 (December 31, 2021). 

ISSN: 1975-8480 eISSN: 2714-1047 
 

 

122 
 

 

 

 

 

 
                    β= 0.142, t=2.650 

 

 
                    β= 0.223, t=2.215 
 

 
                    β= -0.275, t=1.910 
                                                                                

                                                                                                     
                    β= 0.153, t=1.912 
                                                               AST                                    SQ 
 
                    β= 0.080, t=0.865 
 

 

                    β= 0.238, t=2.172 
 

Figure 4. Path model. 
                                            

DISCUSSION  

 

    As shown in figure 4, Automated Software Testing (AST) and 

software quality interrelation is well known and reported by many 

studies conducted in the past. These studies were remained 

specific to the software development industry. Pakistan is also one 

of the newly emerging leaders in the software development sector 

of the world as of now hundreds of companies are providing quality 

services to the world’s leading companies and organizations. As, no 

study on AST till date has been reported in literature for Pakistan, 

an effort was done to report the relationship of AST, and software 

quality based on seven hypotheses as detailed in the previous 

section.  

CO 

TS 

DT 

TN 

CF 

AS 

R2 = 

0.208 
R2 = 

0.223 

β=0.473 

 

t=6.816 
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    This study at start took into consideration literature reported in 

well-known publishing agencies. This helps us to align scope of the 

study in a manner effective and objective oriented. The study was 

designed with a questionnaire, which was taken from literature 

review, and each question was designed to best explain the 

research hypothesis. The main contributing factors of the research 

were defined as AST for quality enhancement of software quality. 

The designed questionnaire was sub-divided to different sections, 

and each section response was recorded. The designed 

questionnaire was circulated through emails, WhatsApp, and 

other social media sources to help us reach the sample size of 141 

Number of responses. The questionnaire forms were developed 

using online google forms which was self-gathered by the software. 

The data obtained from the google forms were extracted in an excel 

sheet which was analyzed for statistical analysis using PLS and 

SPSS.  
 

Human factors 

    The objective of this study is to highlight the factors that can 

help in implementing automation software testing in software 

companies to improve software quality. The results obtained and 

analyzed showed significant results towards the relationship of 

AST and Software Quality. The first of the contributing factor i.e., 

Human Factor- showed that Automated Software Testing has a 

significant impact in the development of software.  

    In this factor, Competencies and Skills (CS) were analyzed. 

Garousi and Mäntylä (2016) study reported the same as our results 

that the relationship between personnel skills, competences and 

automation testing in a software development organization has a 

significant impact to improve software quality. Hypothesis 1 (H1) 

confirmed that there is a direct, positive, and significant 

relationship between personnel skills, competences, and AST. 
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Organizational factors 

    The second was organizational factors that includes Top 

Management Support (TS), Dedicated Automation Teams (DT), 

Cross-Functional Cooperation (CF), and Training (TN). Graham 

(2013) explained the same results as ours that there is a significant 

impact of dedicated automation teams on automation software 

testing to improve software quality. Hypothesis 2 (H2), which 

predicted that Dedicated Automation Teams (DT) has a positive 

impact on AST, is confirmed in this study. Gonçalves et al. (2017) 

reported that lack of management and lack of training can 

compromise quality of software product that matches with our 

results. Thus, Hypothesis 3 (H3) and Hypothesis 4 (H4) illustrated 

that there is a strong, positive, and significant relationship 

between Top Management Support (TS) and AST, and Training 

(TN) and AST. Top Management Support (TS) and Training (TN) 

are widely accepted conditions as mentioned in previous studies for 

the successful implementation of AST (Graham, 2013; Taipale et 

al., 2011).  

    The results for Cross-functional Cooperation (CF) did not 

confirm a positive relationship with AST. This means that cross-

functional cooperation did not support AST in development context 

in Pakistan. This has been proved by Gonçalves et al. (2017) that 

cooperation with different departments in an organization 

especially conflicts with developers is indicated as most difficult 

and has no significant impact. This may be the reason why cross-

functional cooperation does not significantly contribute to AST. 

Thus, the results of Hypothesis 5 (H5) did not expose a significant 

relationship between Cross Functional Cooperation (CF) and AST. 
 

Technological factors 

    Technological factors that include Automation testing strategy 

showed that there is a positive impact on automation testing. 
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Taipale et al. (2011) and Graham (2013) suggested in his research 

that proper automation testing strategies are very effective in 

enhancing software quality through AST. Our study results 

including Hypothesis 6 (H6) confirmed that there is a direct, 

positive, and significant relationship between technological factor 

and AST in Software Development Organizations.  

 

Automated software testing (AST) 

    Hypothesis 7 (H7) predicted that there is a direct, positive, and 

significant relationship between AST and “Software Quality” in 

Software Development Organizations of Pakistan. Our study 

supports our argument and hence can be concluded that 

Automation testing is a key attribute, which can help improve 

product quality. Dudekala et al. (2012) reported that AST has 

improved the software quality in terms of the presence of errors in 

product.  
 

CONCLUSION 

 

    The conclusion of the study is elaborated in Figure 5 with 

specific conclusions drawn from the study, but are not limited to.     

Hypothesis 5 (H5) with Cross Functional Cooperation (CF) out of 7 

hypotheses was rejected. The results confirmed that all the human, 

technological, and organizational factors have effective impact on 

AST overall. AST and software quality showed statistically 

significant relationship. 

    The results confirmed and supported Knowledge Management 

(KM) framework.  Following are recommendations made from the 

research conducted: The authors suggest that future studies on 

AST may be conducted on company specific model rather to go for 

many. This is helpful to investigate AST on soaftware quality of 

the company. Automated Software Testing (AST) based policies 
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and strategies shall be proposed to help companies to implement 

automation testing in their organizations.  
 

 
Figure 5. Conclusion of study shown as a flowchart. 

 

This research sure has many practical implications, but this 

has been limited by some factors: The study was designed to consider 

the most important factors of AST needed for enhancing software quality, 

while many other factors were not considered due the fact that those factors 

have shown non-significant effects between AST and Software Quality. The 

missing/ignored factors can be re investigated to see the difference of effects 

regionally for software quality improvement;  AST; The results of the 

study are generalized since the questionnaire was sent to 

individuals. While for a more specific approach, AST & Software 

quality relationships shall be checked for individual companies of 

any size; Due to COVID-19, the valid survey responses received 

were 141 in number, which are small. We can further improve the 

sample size once the COVID situation is under control.  

     Considering above section of this study, scope for further 

research on this topic and replication of research methodology 

exists. For a better statistical analysis, longitudinal research shall 

be carried out rather cross-sectional statistics. This analysis 

approach will help to analyze and report all aspects of the study. 

Secondly, the context of this study is in Pakistan. The findings can 
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be implemented in other countries to further verify results. Factors 

not considered in the research shall not be ignored and effects of 

these factors at regional levels shall be studied. The future study 

on AST shall be done within single company to help the company 

with desired quality.  Future research can improve or extend 

current research model. 
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