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Chapter 5: Conclusions and Recommendations 
 

5.1 Introduction 
 

The main objective of this chapter is to discuss the results and the summary of the research 

conducted on “Effective use of testing types for software development” with respect to the 

research objective of this study. This chapter outlines the outcome of the research objectives 

and recommendations. The limitations of the study and future research areas also 

mentioned in this chapter. This chapter is concluded with a brief summary of the 

contribution and impact of this study. 

 

5.2 Discussion and Managerial implication 
 

The main purpose of this study is to analyze the relationship between dependent and 

independent variables related to the selection and execution of different test types. Another 

objective of this research is to provide recommendations to use test types effectively. 

In chapter 4, researcher has provided the data analysis and hypothesis testing and advanced 

analysis conducted for this research. Therefore based on the analysis following 

recommendations are suggested. 

As the first step researcher has gone through previous research documents conducted in 

quality assurance field to identify what are the available published research suitable for this 

research.  Based on the literature review and information gathered from quality assurance 

experts, conceptual model was designed (Figure 3.1).  There are two dependent (level of 

test type execution, Limitation in Testing of ISO 9126 quality characteristics) and 

independent variables (testing constraints, application architecture type) in this study. 

Questionnaire has designed based on the conceptual model. It has verified by conducting 

pilot survey and checked reliability of data with Cronbach alpha value. Questionnaire has 

been finalized based on the inputs and suggestions got from quality assurance industry 

experts. 
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As per the SLASSCOM and ICTA reports there are around 7000 quality assurance 

professionals but there is a limitation to identify how many quality assurance in different 

designation level and number of employees in small, medium and large companies. 

Therefore questionnaire has distributed among 200 + quality assurance professionals and 

received 153 respondents. Only 104 responses were selected with the selection criteria 

employees who take decision and involve in project planning activities.  

Reliability analysis has conducted to test the reliability of the variables using Cronbach 

alpha. Cronbach alpha greater than 0.7 is acceptable as data are reliable. Component 

analysis was conducted to check the validity of data. Budget and changes in technology 

related to testing constraint and standalone application related to application architecture 

type is removed from further analysis as they were not in acceptable range. 

Based on the research objectives and conceptual diagram, there were three relation to be 

analyzed. Pearson correlation was used as the statistical analysis tool in this research. As 

the advanced analysis method multiple linear regression test has applied. According the 

following correlation results given in the below diagram, it describes that there are linear 

relationship between dependent and independent variables. 
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First, in accordance with the correlation results as shown in the above diagram is strongly 

supported the prediction testing constraints and application architecture type impact to the 

test types executed in software companies in Sri Lanka. 

The following objectives stated in Chapter 1 and concluded after the data analysis. 

 Objective 1: To identify impact of the testing constraints to level of test types 

execution 

Output: There is a negative strong linear relationship between testing constraints and 

level of test types executed in software companies. According to the multiple linear 

regression analysis the researcher has come up with following model which implies that 

time constraint, skill constraint and poor requirements had mostly impacted to level of 

test types executed in software companies in Sri Lanka.  

 

 

 

 

 

The above model can be used by any type of company such as small, medium and large to 

identify and calculate the level of test type execution. This model has negative relationship 

between dependent and independent variables. If a particular company needs to increase 

the level of test type execution, according to model they need to reduce time, skill and poor 

requirement constraints. Also companies can calculate the level of test type execution if 

there is time, skills and poor requirement constraints. Quality assurance teams can early 

communicate to high level management about the level of test type execution if they 

identify and rate a value for testing constraints.  

  

Level of Test Type Execution = 7.005 - 0.267 (TC) - 0.199 (SC) - 0.279(PR)             

TC: Time Constraint 

SC: Skill Constraint 

PR: Poor Requirement 
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 Objective 2: To identify the relationship between software application architecture 

type and level of test type execution 

Output: There is a positive strong linear relationship between application architecture 

type and level of test types executed. As the output of linear regression analysis, 

researcher has identified web application, mobile application, Internet and service 

application are the mostly considered when select and execute test types in Sri Lanka. 

  

 

 

 

 

The above model represent the level of test type execution with respect to application 

architecture type. There is a positive relationship between dependent and independent 

variables. Level of test type execution will increased based on the application architecture 

type. This will help the companies to calculate the level of test type execution based on the 

application architecture type. 

 Objective 3: To identify impact of the testing constraints to limitation of testing ISO 

9126 quality characteristics 

Output: There is a positive strong relationship between testing constraints and quality 

of the software. As the result of linear regression analysis the researcher has come up 

with following model which implies that time constraint, skill constraint and poor 

requirements had mostly impacted quality of the software. 

 

 

 

 

Level of Test Type Execution = 0.821+0.126(WA)+0.240 (MA)+0.335(IA)+0.092(SA) 

WA: Web Application 

MA: Mobile Application 

IA: Internet Application 

SA: Service Application 

 

 

Limitation of testing ISO 9126 = 2.250+ 0.114 (TC) +0.147(SC) +0.231(PR)      

Quality Characteristics        

TC: Time Constraint 

SC: Skill Constraint 

PR: Poor Requirement 

 

 

 



90 
 

The above model will help the companies to take decision on what are the factors 

influenced to limit testing ISO quality characteristics. Also they can decide what the 

limitation is when there are time, skill and poor requirement constraints. 

The above three linear models will help companies in many ways. Models are helpful every 

type of company categories such as large, medium and small. They can decide the factors 

caused the level of test types execution and limitation of testing ISO 9126 quality 

characteristics. The impact from testing constraints such as time, skills and poor 

requirement can be identified and they need to work on mitigate testing constraints with 

alternative plans to increase level of test execution to deliver high quality products.  

Startup companies also get benefits from the above models. They can get idea on testing 

constraints, level of test type execution as well as importance of the application architecture 

type. Recommendations provided in the following section will help startup companies to 

mitigate testing constraints and improve the quality of the product and increase business 

revenue. 

5.3 Recommendation 
 

The final objective, of this study is to provide recommendations to use test types effectively 

by mitigating testing constraints based on the inputs received from the research survey 

questionnaire and interviews. 

Based on the quantitative study, researcher has proved that there is a negative strong linear 

relationship between testing constraints and level of test type execution. Time, skill and 

poor requirement constraints are highly impacted to the level of test type execution and 

limitation of testing ISO n9126 quality characteristics of the software. 

Time constraint is the impacted for level of test type execution and also to quality of the 

software. In order to overcome time constraint, companies need to automate the quality 

engineering process. Reusability of scripts will help to do testing effectively. Companies 

need to estimate the effort and allocate the resource based on the time schedule. Risk based 

testing is also help to select the most needed test types when there is time constraint rather 

than selecting all test types in a tight schedule. 
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Skill is the second factor which has limited test type execution as well as impacted quality 

of the software. To overcome the skill constraint companies need do a skill gap analysis to 

figure out the skills need to improve. Company and higher management need to organize 

training sessions to enhance the skills. Company can plan knowledge transfers sessions to 

share the knowledge by employees with special skills in different test types. Companies 

can set up personal goals for quality assurance employees and which can be added to key 

performance index (KPI). In such a situation employees are motivated to improve the skills. 

Poor requirement is the factor which was proved that mainly impacted for level of test 

execution and quality of the software. To overcome poor requirements companies need to 

follow a process to gather information and customer requirements. Agile, DevOps software 

development methodologies can be mitigation plan to poor requirements. When practice 

Agile QA engineers can get the information from product owner. Requirement 

documentation need to be properly documented and clearly visible to project team. If testers 

can maintain and communicate through question and answers document, it can reduce the 

requirement gaps. Walk through requirements is another mitigation plan to overcome poor 

requirement. 

Based on the research findings researcher has found that there is a strong linear relationship 

between application architecture and level of test type execution. Companies need to decide 

testing types based on the application architecture type. Researcher has identified that Sri 

Lankan companies mostly consider web, mobile, service and Internet application as an 

important when select and execute different test types. It is recommended to review the test 

strategy with both development and quality assurance specialist of the domain before 

execution. 
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5.4 Limitations 

 

The research has conducted with set of limitations like resource, time and budget 

constraints which are common for any academic research. Further there are many other 

limitations specific to the this research such as respondents were reluctant to provide 

sensitive information like organizational names and testing approach on current and 

previous projects. Some of target users were declined to provide information in interviews 

on test strategies and information related to the projects. So some of the confidential data 

was removed from the questionnaire and the interview questions.  But as a result of this it 

limited the opportunity provide the recommendation or suggest the testing standard to the 

organization level. Some organizations did not provided information about failures and 

barriers they faced when select test types and develop the testing strategies. This has limit 

the opportunity of getting know the exact impacts occurred from poor testing strategies. 

To minimize the limitations, researcher has interviewed different level of employees 

including managerial level through personal contacts to get the sensitive information listed 

above. Some interviewees provided information which has incorporated to the 

recommendation section in chapter 5 without disclosing the organization identity. 

Further, the professional bodies like ICTA and SLASSCOM did not have information about 

how many small, medium and large scale IT companies in Sri Lanka with their recent 

studies. SLASCOM and ICTA had not published their recent survey to the public. It was 

difficult to manage the sample size as there were less information. Also they didn’t have 

information what kind of testing conducted in IT companies and how many testing 

strategies based on organization level. This was overcome by selecting the sample size 

according to the statically method which as 5 times or more than of the parameters of 

research.  
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5.5 Future Research Areas 
 

This study was distinctive from other researches, as this research has focused only one 

aspect of Quality Assurance field. This research focused on the Test Type execution and 

ISO 9126 quality model along with testing constraints and application architecture type. 

There are many more future research areas that can be conducted in IT. According to 

information received from ICTA and SLASSCOM there are lot of chance to publish 

research on Quality Assurance field as they have not seen any research in this field in Sri 

Lanka Therefore researcher has conducted the primary research to get idea about what are 

the test types executed in software companies and what are the testing constraints Sri 

Lankan quality assurance field faced.   

The main future research areas would be to analyze how important is the quality of the 

software to end users and to provide strategies that companies can follow to give high 

quality product to end users. Future researchers can study further on how to mitigate the 

testing constraints as researcher has found skill, time and poor requirements are main 

constraints as the output of this research. 

There are many open research areas in quality assurance track in Sri Lankan software 

companies. Future research can be conduct on what are the testing techniques conducted 

for testing such as equivalence partition, boundary value analysis, decision tree etc. 

One way to mitigate time constraint is to use testing tools to avoid repetition and reduce 

human delays. Future research can be conduct on what are the testing tools use in Sri 

Lankan software companies. As future research, researchers can study deeply on testing 

types such as performance testing, automation testing. 

Another potential future research area is to study about the quality assurance engineers’ 

skill gap as skill is identified as one of the key testing constraint impacted on level of test 

type execution and quality of the software. 

So there are lot of future research areas to study about quality assurance track and software 

testing which have opened from this research.  
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5.5 Conclusion  
 

The main purpose of this study to analyze the factors impact to level of test type execution 

in software companies. Information has gathered through conducting questionnaires and 

interviews.  

After analyzing data, researcher has proved that there is positive relationship between 

application architecture type and level of test type executes in software companies. So it is 

very important to consider application type when select and execute test types. Also 

researcher has proved that there is an impact from testing constraints such as time, skill and 

poor requirement to the level of test types executed and limitation of testing quality 

characteristics in Sri Lanka.  

The output of this research will help small, medium and large companies to take decision 

when conduct testing. Research finding has clearly proved that testing constraints time, 

skill and poor requirement has impacted level of testing and quality of the products. Quality 

of the product and customer satisfaction are success factors of business growth. So it is very 

important to mitigate testing constraints and increase level of test type execution to improve 

the quality of the product. 
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Appendix A  
 

Questionnaire 

Survey on Effective use of testing types for 

Software development 

This questionnaire is prepared for data collection on “Effective use of testing types for Software 

development”. Highly appreciate your assistance in answering this questionnaire as it is very important 

for the development of result of this study. The information and responses gathered will be strictly be 

used for academic purposes only and will be kept as confidential. 

* Required 

Section A 

 

1. Does your job related to Quality Assurance (QA)? * 

 Yes 

 No 

 

2. What is your current designation? * 

 Manager - QA 

 Architect- QA 

 Lead- QA 

 Senior Engineer- QA 

 Engineer- QA 

 Other:  

 
3. How long have you been to Quality Assurance? * 

 0 to 3 years 

 3 to 6 years 

 6 to 10 years 

 More than 10 years 

 

4. What is the highest level of your education? * 

 Diploma in IT related field 
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 Graduate 

 Post Graduate 

 Professional Qualification 

 

5. Number of employees in your organization * 

 1-100 

 101-300 

 301-600 

 601-1000 

 More than 1000 

 
6. How do you describe the ownership of your organization? * 

 Multinational Ownership - Both Sri Lankan and Foreign Management 

 Multinational Ownership - Fully Foreign Management 

 Fully Sri Lankan Ownership 

 Other:  

 

7. Please select the category of your organization * 

This is categorize base on Organization revenue Small- Between $500,000 and $100,000; 

Medium- Between $1 million and $500,000; Large - Above $1 million 

 

 Small 

 Medium 

 Large 
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Section B 
 

Please consider your current organization and the current project when you are answering this 

questionnaire. 

1. Please mention level of the each testing type you practice in your organization. * 

 

 Never Practice Rarely Sometime Frequently 
Always 

Practice 

a. Functional 

testing      

b. Mobile Testing      

c. Security Test      
d. 

Interoperability 

testing 
     

e. Performance 

Testing      

f. Usability 

Testing      

g. Reliability 

Testing      

h. Maintainability 

Testing      

i. Portability 

Testing      

j. White box 

Testing      

k. Confirmation 

Testing      

l. Regression 

Testing      

 

2. Please indicate the level of impact when selecting testing types for following 
constraints * 

 
Never 

Impact 
Rarely Sometime Mostly Always Impact 

a. Budget 

Constraints      

b. Schedule 

Constraints      
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Never 

Impact 
Rarely Sometime Mostly Always Impact 

c. Skill 

Constraints      

d.Change in 

technology      

e. Poorly 

written 

requirement 
     

 

3. How important the architecture of the application is when selecting testing types * 

 

Not 

importan

t 

Slightly 

importan

t 

Fairly 

importan

t 

Importan

t 

Very 

importan

t 

a. Web Application      
b. Mobile Application      
c. Rich client 

Application(Standalone

) 
     

d. Service Application      
e. Rich Internet 

Application      

 

4. What is the level of knowledge you have on quality standards which describes in ISO 

9126 model? * 

 Excellent 

 Very Good 

 Good 

 Fair 

 Poor 

 

5. Do the following characteristics in ISO 9126 are impacted by the budget 

constraints? * 

 
Strongly 

Disagree 
Disagree Neutral Agree 

Strongly 

Agree 

a. 

Functionality      

b. Reliability      
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Strongly 

Disagree 
Disagree Neutral Agree 

Strongly 

Agree 

c. 

Maintainability      

d. Usability      

e. Efficiency      

f. Portability      
 

6. Do the following characteristics in ISO 9126 are impacted due to schedule 
constraints? * 

 
Strongly 

Disagree 
Disagree Neutral Agree 

Strongly 

Agree 

a. 

Functionality      

b. Reliability      
c. 

Maintainability      

d. Usability      

e. Efficiency      

f. Portability      
 

7. Do the following characteristics in ISO 9126 are impacted due to lack of skills? * 

 
Strongly 

Disagree 
Disagree Neutral Agree 

Strongly 

Agree 

a. 

Functionality      

b. Reliability      
c. 

Maintainability      

d. Usability      

e. Efficiency      

f. Portability      
 

8. Do the following characteristics in ISO 9126 are impacted due to changes in 

technology? * 
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Strongly 

Disagree 
Disagree Neutral Agree 

Strongly 

Agree 

a. 

Functionality      

b. Reliability      
c. 

Maintainability      

d. Usability      

e. Efficiency      
f. Portability      

 

9. Do the following characteristics in ISO 9126 are impacted due to poorly written 

requirements? * 

 
Strongly 

Disagree 
Disagree Neutral Agree 

Strongly 

Agree 

a. 

Functionality      

b. Reliability      
c. 

Maintainability      

d. Usability      
e. Efficiency      

f. Portability      
 

 

10. Do you satisfy with testing process followed in your organization? * 

 

1- Highly Dissatisfied, 2- Dissatisfied, 3 - Neutral, 4- Satisfied 5- Highly Satisfied 

 1 2 3 4 5  

Highly Dissatisfied      Highly Satisfied 

 

 

 

 

 

 



104 
 

Appendix B 
 

Reliability Analysis of the Pilot Study 

 

Variables Item 
Cronbach 

Alpha 

No of 

Items 
Comments 

Testing 

Constraints 

1. Budget Constraints 

0.737 5 Acceptable 

2. Time Constraints 

3. Skill shortage 

4. Poorly written requirements 

5. Changes in technology 

Application 

Archetypes 

1.Mobile applications 

0.888 5  Acceptable 

2.Web applications 

3.Rich client 

applications(Standalone) 

4. Service application 

5. Rich Internet Application 

Functional 

testing 

1. Functional testing/ Black box 

testing 

0.802 4  Acceptable 2. Security Testing 

3. Mobile testing 

4. Interoperability testing 

Non Functional 

Testing 

1.Performance Testing 

0.806 5  Acceptable 

2.Usability testing 

3. Reliability testing 

4. Maintainability Testing 

5.Portability Testing 

Structural 

Testing 
1. White box testing N/A    N/A 

Testing related 

to Changes 

1.Confirmation Testing 
0.932 2  Acceptable 

2. Regression testing 
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Variables Item 
Cronbach 

Alpha 

No of 

Items 
Comments 

Internal and 

External  

Quality 

Budget 

0.915 6  Acceptable 

1. Functionality 

2.Reliability 

3. Maintainability 

4. Usability 

5.Efficency 

6.Portability 

Time 

0.872 6  Acceptable 

1. Functionality 

2.Reliability 

3. Maintainability 

4. Usability 

5.Efficency 

6.Portability 

Skill 

0.951 6  Acceptable 

1. Functionality 

2.Reliability 

3. Maintainability 

4. Usability 

5.Efficency 

6.Portability 

Poor requirements 

0.944 6  Acceptable 

1. Functionality 

2.Reliability 

3. Maintainability 

4. Usability 

5.Efficency 

6.Portability 

Changes in Technology 

0.848 6  Acceptable 

1. Functionality 

2.Reliability 

3. Maintainability 

4. Usability 

5.Efficency 

6.Portability 
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Principal Component Analysis 

Indicators 

Communalities 

Component 

Factors 

Extraction 1 

Level of Test Type 

Functional-Function Testing .621 .788 

Functional-Mobile Testing .713 .845 

Functional-Security Testing .608 .779 

Functional-Interoperability Testing .625 .790 

Non Functional-Performance Testing .664 .815 

Non Functional-Usability Testing .637 .798 

Non Functional-Reliability Testing .801 .895 

Non Functional-Maintainability 

Testing 

.850 .922 

Non Functional-Portability Testing .619 .787 

Structural Testing .507 .712 

Testing Changes- Confirmation Testing .690 .831 

Testing Changes- Regression Testing .553 .744 

ISO 9126 Characteristic                                      s 

Functionality Characteristic .760 .872 

Reliability Characteristic .878 .937 

Maintainability Characteristic .724 .851 

Usability Characteristic .839 .916 

Efficiency Characteristic .875 .935 

Portability Characteristic .649 .806 
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Descriptive Statistics 

Level Of Test Type Execution 

 

Descriptive Statistics 

 N Minimum Maximum Mean Std. Deviation 

Functional-Function 104 2 5 4.90 .512 

Functional-Mobile 104 1 5 4.14 1.009 

Functional-Security 104 2 5 4.11 .923 

Functional-Interoperability 104 1 5 3.61 1.018 

Non Functional-Performance 104 3 5 4.41 .691 

Non Functional-Usability 104 2 5 4.10 .887 

Non Functional-Reliability 104 1 5 3.78 .903 

Non Functional-

Maintainability 

104 1 5 3.62 1.082 

Non Functional-Portability 104 1 5 3.17 .908 

Structural 104 1 5 3.80 .969 

Testing Changes- 

Confirmation 

104 1 5 3.88 1.143 

Testing Changes- Regression 104 3 5 4.76 .493 

Valid N (listwise) 104     

 

0

1

2

3

4

5

6

Level of test Type Execution
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Testing Constraints 

 

Descriptive Statistics 

 N Minimum Maximum Mean Std. Deviation 

Constraints-Budget 104 2 5 3.66 .771 

Constraints-Time 104 3 5 4.26 .623 

Constraints-Skill 104 3 5 4.15 .604 

Constraints-Requirement  104 2 5 3.63 .669 

Constraints-Technology 104 2 5 3.55 .695 

Valid N (listwise) 104     

 

 

  

3

3.2

3.4

3.6

3.8

4

4.2

4.4

Testing Constraint
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Application Arche Type 

 

Descriptive Statistics 

 N Minimum Maximum Mean Std. Deviation 

Application-Standalone 104 3 5 4.19 .640 

Application-Internet 104 3 5 4.20 .546 

Application-Web 104 2 5 4.02 .788 

Application-Service 104 1 5 3.74 .763 

Application-Mobile 104 1 5 3.93 .827 

Valid N (listwise) 104     

 

  

3.5

3.6

3.7

3.8

3.9

4

4.1

4.2

4.3

Application Architecture Type
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Pearson Correlation 

Level of test type execution and Testing Constraints 

 

Correlations 

  

Level of Test 

Type 

Execution 

Constraint

s-Time 

Constraints

-Skill 

Constraints

-

Requireme

nt  

Level of Test Type Execution Pearson 

Correlation 

1 -.634** -.630** -.620** 

Sig. (2-tailed)  .000 .000 .000 

N 104 104 104 104 

Constraints-Time Pearson 

Correlation 

-.634** 1 .615** .369** 

Sig. (2-tailed) .000  .000 .000 

N 104 104 104 104 

Constraints-Skill Pearson 

Correlation 

-.630** .615** 1 .453** 

Sig. (2-tailed) .000 .000  .000 

N 104 104 104 104 

Constraints-Requirement  Pearson 

Correlation 

-.620** .369** .453** 1 

Sig. (2-tailed) .000 .000 .000  

N 104 104 104 104 

**. Correlation is significant at the 0.01 level (2-tailed). 
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Limitation of ISO 9126 Quality Characteristics and Testing Constraints 

 

Correlations 

  Limitation Of 

Testing 

ISO9126 

Quality 

Characteristic

s 

Constraints-

Time 

Constraints-

Skill 

Constraints-

Requirement  

Limitation Of Testing 

ISO9126 Quality 

Characteristics 

Pearson 

Correlation 

1 .601** .648** .710** 

Sig. (2-tailed)  .000 .000 .000 

N 104 104 104 104 

Constraints-Time Pearson 

Correlation 

.601** 1 .615** .369** 

Sig. (2-tailed) .000  .000 .000 

N 104 104 104 104 

Constraints-Skill Pearson 

Correlation 

.648** .615** 1 .453** 

Sig. (2-tailed) .000 .000  .000 

N 104 104 104 104 

Constraints-Requirement  Pearson 

Correlation 

.710** .369** .453** 1 

Sig. (2-tailed) .000 .000 .000  

N 104 104 104 104 

**. Correlation is significant at the 0.01 level (2-tailed). 
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Level of test type execution and Application Type 

 

Correlations 

  

Level of 

Test Type 

Execution 

Application-

Internet 

Applicatio

n-Web 

Application-

Service 

Applicatio

n-Mobile 

Level of Test Type 

Execution 

Pearson 

Correlation 

1 .658** .764** .726** .777** 

Sig. (2-tailed)  .000 .000 .000 .000 

N 104 104 104 104 104 

Application-Internet Pearson 

Correlation 

.658** 1 .487** .406** .309** 

Sig. (2-tailed) .000  .000 .000 .001 

N 104 104 104 104 104 

Application-Web Pearson 

Correlation 

.764** .487** 1 .606** .717** 

Sig. (2-tailed) .000 .000  .000 .000 

N 104 104 104 104 104 

Application-Service Pearson 

Correlation 

.726** .406** .606** 1 .756** 

Sig. (2-tailed) .000 .000 .000  .000 

N 104 104 104 104 104 

Application-Mobile Pearson 

Correlation 

.777** .309** .717** .756** 1 

Sig. (2-tailed) .000 .001 .000 .000  

N 104 104 104 104 104 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

 


