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ABSTRACT 
 

 

Context. Fault correction process is one of the two main activities in software evolution model. As it is very 
important for software maintainability, software industry especially large-scaled global companies, aim to have 
mature fault correction processes that detect faults and correct them in a continuous and efficient way. 
Considerable amount of effort is needed and some measures should be taken in order to be successful. This 
master thesis is mainly related with fault correction and finding possible solutions for better process.    

Objectives. The main aim of this study is to investigate and identify influential factors having affects over 
undesired fault correction outcomes. This study has three main stages: 1) to identify factors from company data 
that have affects over target factors, 2) to elicit influential factors from interviews and literature review, 3) to 
prioritize influential factors based on their significance. Based on the outcomes, giving recommendations to 
company and software industry is the other aim of this master thesis.   

Methods. This study mainly reflects the empirical research of software fault correction process and undesired 
outcomes of it. In this master thesis, both quantitative and qualitative data analysis were performed. Case study 
was conducted with Ericsson AB that data analysis was made with the archival data by using several methods 
including Machine Learning and Apriori. Also, surveys and semi-structured interviews were used for data 
collection instruments. Apart from this, literature review was performed in order to collect influential factors for 
fault correction process. Prioritization of the influential factors was made by using hierarchical cumulative 
voting. 

Results. Throughout the case study, quantitative data analysis, interviews and literature review was conducted 
and totally 45 influential factors were identified. By using these factors prioritization was performed with 26 
practitioners (4 internal and 22 external) in order to find which factors are most a) significant and b) relevant in 
undesired fault correction outcomes.  Based on the outcomes of prioritization, cause-effect diagram was drawn 
which includes all the important factors.  

Conclusions. This research showed that there are lots of factors influencing fault correction process. The 
practitioners mostly complained about the lack of analysis of deeply including correction of faults are not 
resulted the new requirements and they are not used for process improvement. Also, limited resources (such as 
work force, vacations and sickness), unbalanced fault correction task assignment and too much fault reports at 
the same time cause problems. Moreover, priorities of faults and customers affect the lead time of fault 
correction process as the critical faults are fixed at first.  

Keywords: fault correction, trouble reports, customer service reports,  

Influential factors, undesired fault correction outcomes 
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1 INTRODUCTION 

Software industry has coped with faults since the introduction of it; try to find effective solutions in order to 

avoid them. Especially big-sized global companies aim to develop the software applications more robust and 

tolerant to faults [1]. This is because of the increasing demands of customers and end-users to have more reliable 

software applications. However, numbers of faults, existed in software, increased dramatically as the software 

systems became more and more complex each year [2].   For this reason, software reliability modeling & 

estimation, fault prediction models and software early warning systems (SEWS) started to play an important role 

in software development, especially for testing phase [3]. 

Software fault detection and correction can be considered as the main activities in software evolution lifecycle 

[4]. The correction of the fault is as important as detection and prevention of the fault since it reflects the 

organization‟s process maturity. Huge amount of effort and attention needed to be given to isolate and correct 

the fault [5]. The quality of this process depends on several factors such as the current availability of staff, the 

effectiveness to reproduce faults, capability to find missed requirements, etc… Although the aim is to develop 

robust software product as much as possible, it is impossible to create fault-free product because of increasing 

size and complexity [4]. So, the correction of faults needed to be done effectively during the development or 

post-delivery of product.  

Considerable amount of researches were made related with fault detection and correction processes. While some 

works [6] [7] pointed out the fault reporting and correction processes for maintenance effort, reliability level, 

resource allocation and decision making, some others [8] [9] are related with the distribution of faults and 

measurement of software product quality. Several factors were elicited in these studies such as complex systems, 

business load, personal capabilities and number of defects but they are not prioritized based on their impacts 

over fault correction process [8] [9].  

This study identifies the influential factors which hinders the stakeholders to correct the fault in a continuous and 

successful manner. These factors were collected from both quantitative and qualitative study including data 

analysis, interviews and workshops. Moreover, literature review was conducted for the purpose of investigating 

influential factors and make comparisons with other collected data. Based on the significance of factors, they 

were prioritized and cause-effect diagram was drawn for undesired fault correction outcomes. Interesting results 

were found and discussed explicitly throughout the case study and some recommendations were given to case 

company and all related software industry with respect to outcomes.  

The contributions of this master thesis can be seen below: 

 to elicit influential factors which hinder developers to correct the fault in a continuous and effective 

manner, 

 to prioritize the influential factors based on the comments of key stakeholders of the process, 

 to give recommendations to software industry based on the outcome of prioritization process; in this 

way they can  develop their own software prediction models. 

This master thesis includes eleven chapters. The second chapter includes the detail background information and 

related works with selected topic. In the third chapter, research methodology, goals, questions and expected 

outcomes of the study are stated including the motivation of each selected research method. This chapter also 

includes detailed explanations data analysis methods and validity threats. Then, brief descriptions of selected 

data analysis methods are given in the fourth chapter.   

Results of quantitative analysis take place in the fifth chapter that includes the outcomes of data analysis 

methods explicitly and independently from others. Sixth chapter is consisted of the literature review of the study 

based on several search criteria. Next chapters, „Results of Interviews‟ and „Results of Questionnaires‟ are 

mainly related with eliciting and prioritizing influencing factors of the fault correction processes. In these 

chapters, root-cause diagrams and radar charts were used in order to show the results in statistical form. Then, 

„Discussion‟ part takes place that the researchers express their own ideas and recommendations based on the 

results of sixth, seventh and eight chapters. After this chapter, a short summarization of most significant factors 

is done; and as the last chapter, „Conclusion‟ is written to point out what the final results are of this study.      
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2 BACKGROUND AND RELATED WORK 

2.1 Software Maintenance 

Software maintenance is necessary and critical process since all software products evolve throughout their life in 

use as Belady and Lehman et al. stated [10]. There are many prominent definitions about software maintenance. 

However, the most appropriate one can be defined as “the process of modification of software product after 

delivery to correct faults, to improve performance, or to adapt the product to a change of environment” [11]. On 

the other hand, this definition brings some controversial issue about the period of software maintenance. As 

Canfora and Cimitile et al stated, organizations should plan, prepare and perform software maintenance activities 

before delivery [12].  

There are several reasons to explain why there is a maintenance problem in software [13]. First and foremost, 

most of software was produced prior to significant use of structured programming. Second, it is difficult to 

determine whether a change in code will affect something. Last, it is difficult to relate specific programming 

actions to specific code. In the light of these reasons, performing software maintenance activities before delivery 

can be more considerable process in today‟s software organizations. 

Lientz and Swanson et al described types of software maintenance. According to their statement, there are three 

types of software maintenance such as corrective, perfective and adaptive maintenance [14]. In order to remove 

defects in the software, corrective maintenance is practiced. Adaptive maintenance is used for adapting the 

software to the current working environment in order to prevent software from environmental changes. 

Perfective maintenance is to improve the current software with changes proposed by users. 

Research on cost and effort of software maintenance indicates that cost and effort estimation of software 

maintenance is an important phase. Software maintenance can become more difficult when (a) changes in 

software development are not adequately documented, (b) there is lack of change stability, (c) there is a ripple 

effect of making changes [15].  These kinds of factors make software maintenance more difficult and costly. 

Porter et al stated that the cost associated with maintenance of software increase when the age of the software 

increases [16]. According to Porter, the costs of software maintenance are affected by factors into four different 

categories such as product, people, process and task.  

 Product Factors: These are the factors related to how system attributes and characteristics influence 

the cost of software maintenance. 

 People Factors: People are related with how attributes and skill of individuals and groups affect 

software maintenance. 

 Process Factors: This is related with how influential activities on software maintenance are performed 

by individuals and groups.  

 Task Factors: Related to tasks and how maintenance is performed by implementing tasks. 

Jorgensen et al showed that the maintenance task, the kinds of maintenance task (corrective, predictive or 

adaptive) and maintainers‟ effectiveness have significant influence on the software maintenance effort [17] [18]. 

According to Jorgensen, effective and experienced maintainers provide better efficiency for estimating the effort 

of small sized and simple corrective maintenance tasks [19].  Niessink and Vliet et al stated that impact on 

maintenance effort is influenced by the size of the software component rather than the size of the change itself 

[20].   

For estimation of maintenance effort, Anh et al. identified functions points of the system to be maintained and 

ten main maintenance productivity factors, which were classified into categories such as engineering skill, 

technical characteristics and environment of maintenance [21]. The study of Anh showed that size of the system 

has more impact than other factors on the maintenance effort. Rao and Sarda et al. concluded five most 

influential factors as cost drivers for software maintenance. These are time zone support, size and complexity of 

the system [22]. These factors can also be considered as influential factors for software maintenance and 

correction effort.  

2.2 Defects in Software Development 

Software development projects had been conducted for over fifty years, however, people still try to learn how to 

achieve successful software development projects. In recent years, there are new and different ways which are 

related how to organize software development projects and also new terminologies are discovered to describe 
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successful software development projects. In order to develop capable software products, the organization should 

be proactive instead of reactive and it should have the ability to take corrective actions in an early stage before 

the deadline of the project. Immature organizations, which are reactionary, don‟t have any certain standards, 

maturity models or processes for evaluating product quality and solving rising issues.  

In recent years, Standish group collect information and related data with IT project failures. The main purpose of 

this research is to show the ways of improving success rates and to support IT investment values.  The latest 

results and statistics of Standish CHAOS report was published in the April 2011. As they indicated in this report, 

just 37 percent of software projects handled between 2002 and 2010 were stated as successful. On the other 

hand, more than half of these software projects handled between the same years were stated as challenged or 

failure [23] [24]. According to results of the research, companies are obliged to pay more than their original 

estimated costs for such projects because of failures and overruns. Based on the research, only in United States, 

companies and government agencies spent more than 80 billion USD for software projects to fix their failures by 

taking more time than it is estimated [23] [24]. 

Although it is still impossible to say that there can be defect- free software products, the main purpose of any 

software organization activity is to prevent defect as early as possible [25]. There are many different ways to 

define what defect means in software development. A defect can be defined as “an incorrect step- process or data 

definition in a computer program” [26]. According to other sources, defect can be any functionality which is 

identified as wrong by testers. For other views, missed functions or features from user requirement can also call 

as defect. If any function does not work properly or as it should work, than this is called defect in software.  

As a general statement, Lyu et al stated that the term „defect‟ is when the discrepancy between failure and fault is 

not critical and „defect‟ term is used to indicate it is either a fault or a failure. Defects in software can exist at any 

different phase of software development life-cycle and can be detected from the early phase of project until the 

end of project. On the other hand, there is always confusion about the usage of the terms „defects‟, „mistakes‟, 

„errors‟ and „failures‟. The difference between these terms can be explained as; “the fault tolerance discipline 

distinguishes between a human action (a mistake), its manifestation (a hardware or software fault), the result of 

the fault (a failure), and the amount by which the result is incorrect (the error)” [26].  

Software defects are distinctive compared to physical defects in other products because they are harder to 

evaluate and more wiliness and software does not deteriorate like physical products [27].  The deterioration of 

software is caused by side effects from changes in product in order to evaluate defects or requirement‟s change 

[27]. Therefore, the number of total defects may be increased after release during maintenance. However, there 

can always be a risk of introducing new defects when changing the code and requirements.  

Jones et al pointed that software defects may occur during any phase in software development life cycle. 

According to Jones list, followings are source of defects in software development: requirement errors, design 

defects, coding defects, documentation defects and incorrect corrections [28].  A defect can also be injected by 

the mistake of human. While a failure in the software might be apparent itself or be detected in testing or 

inspection phase, not all defects can be detected before delivery. These kinds of defects are called as latent 

defects and it can really difficult to locate and detect by low-skilled and non-experienced employees [28]. 

2.3 Software Process Improvement with Software Defects 

Defects detected during development may be considered as a manifestation of process deficiencies. For this 

reason, this situation makes sense that defect date can be analyzed to achieve in-process improvements [29]. In 

order to achieve software process improvement decisions, software defect data is the most valuable source with 

its information. Software defect data provides a validation of improvement achievement against historical data. 

This process is important to measure the efficiency of improvement [30].  

 

The handling of defects can be achieved in three different ways according to Fredericks and Basili. Firstly, the 

most common approach is between „the firefighters‟ who have no established processes for defect management 

and others who the ones required to keep track of them. Although the firefighters define the processes for 

collection and handling of defect data, it is not used to facilitate any change in the software processes. In second 

approach, organization provides a reactive strategy by using the collected data. The third approach is being 

proactive in order to prevent the repetition of similar defects which can be occurred in the future. In this 

approach, defect data is analyzed continuously to achieve the aim of strategy [31]. 

 

To improve processes in software organizations, there are several factors one should reflect on. The defect 

classification should be repeatable and the same defect should be classified in the same way by different people. 
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Then, decision of well-defined goal is vital factor in order to have centered improvement actions. Addition to 

this, these decided goals must be reasonable for achievement. As a last factor, the goals and process 

improvement incentive must be supported by management activities [31]. 

  

There have been several studies which perform defect-based software process improvement. However, few of 

them have explored real-time process improvement in a detailed way. Historical speaking defect-based process 

improvement is one of them. There are two kinds of procedures in this methodology [29]:  

 

 Analysis of every defect to determine their root causes and modify the process to eliminate those 

collected causes. This process –as having roots in defect prevention process- can be referred as casual 

analysis approach [32].   

 

 Second procedure is tracking and capturing of data on defects. Then, comparison of that data against 

specified goals for successful development is following step. Last, taking appropriate action is 

following if the goals are not achieved. This process refers to goal-oriented approach and it has roots in 

the goal-question-metric paradigm [33]. 

2.4 Software Defect Correction 

According to IEEE, software defect detection is “to detect, locate and correct faults in computer program” [26]. 

Software defect correction plays significant role in defect analysis and handling so this process should be done in 

an efficient and continuous way. However, defect correction can be considered as the activity based on trial and 

errors [37]. Still, this process needs continuous improvement and mature process if the software developers want 

to fix the defects as soon as possible and successfully.  

Agans defined nine steps for the suggestions related with software defect correction which are [34]: 

1. To be sure that software developer has the chance to understand the system by reading documentation. 

2. To make the defect publishable by preventing the failure in the software. 

3. To be sure that the software developer understood the defect. 

4. To divide the search space for the possible location of defect existed.  

5. To prevent frequent changes; instead to change only one thing at a time in order to make comparisons 

with previous results. 

6. To avoid overlooking, a trail of actions should be taken. 

7. The software developer has to revise his assumptions and predictions related with defect if the analysis 

will not result with any solution. 

8. The software developer should not hesitate to ask questions to his colleagues or other stakeholders in 

order to look at the subject from broader perspective. 

9. The defect cannot be considered as it is corrected if the manifestation of the defect vanished. 

For increasing the efficiency and success rate in software fault correction process, fault-correction models were 

introduced [35].  As a fault can be corrected after the detection, a fault-correction model can be modeled based 

on post fault-detection models. The main difference between two models is time delay that in fault correction 

models, the time spent to correct the fault is also measured.  So, it can be said that fault-correction models have 

been designed based on fault-detection models.  

In addition to fault-correction models, some fault correction predictions were made in previous studies and 

possible benefits of these predictions were published [36]. One of these benefits is predicting whether reliability 

goals were achieved or not. Another one is to provide stopping rules for testing which will limit the test 

coverage. In this way, testing process will not be expanded recklessly. Thirdly, tests and test strategies can be 

prioritized and test resources will be allocated. This will provide more efficient resource allocation and required 

and useful tests can be selected for testing process.  
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3 RESEARCH DESIGN 

In this chapter, objective of this case study, the case, research questions, research methods, data collection 

instruments and data analysis and research validity were discussed. 

3.1 Research Goal and Method Selection 

3.1.1 Objectives 

The purpose of this case study is explanatory which means to find out an explanation about the current problem 

by investigating causal relationship [38].  In this case study the researchers tried to define some solutions to 

common problem in a positivist perspective.  The main objective of this study is to ‘investigate and identify the 

influential factors over the undesired fault correction outcomes in large scaled global companies. These 

identified outcomes, which are also called as target variables, are fault slippage, fault correction lead time and 

final status of fault. In this study, the researchers evaluated these outcomes by considering influential factors. 

The explanations of these three variables are: 

 Fault slippage: The slippage of fault from „when should it have been detected?‟ to „when was it 

detected?‟ 

 Fault correction lead time: The lead time to fix the fault which is the duration between the creation of 

TR case and the close of it. 

 Final Status of Fault: The final status of the fault which can get the values of „Finished‟, „Cancelled‟ 

or „Postponed‟. The most common value is „Finished‟ which shows that the fault is corrected 

successfully. 

As an example of what was done in this research is the sportsman who had the medical check-up was put into 

rehab even though he seems fine; because previous similar blood values led to troubles before. So, it is a kind of 

treatment before actually getting worse. This may be considered as preventive action like one of the intents of 

this study.  

This research can be regarded as three-stage process: 

1. Identifying factors from available data (which are collected from case company) to figure out potential 

effects influential the target variables. Using different approaches and analysis methods by considering 

data suitability to identify interesting patterns or associations in training dataset.   

2. Based on the first process, extending the research by eliciting or validating factors from interviews and 

literature view in case of no significant factors is not identified from data analysis.   

3. Prioritizing the influential factors; in this way determining the significant factors which hinder the 

stakeholders to correct faults in a continuous and efficient manner.  

Other objectives of this case study are: 

 To find correlations between the decision variables and target variables collected from company‟s 

archival data.  

 To elicit factors affecting the three target variables that hinders the stakeholders in correcting TRs in a 

continuous and effective manner.  

 To prioritize factors collected from data analysis, interviews and questionnaires.  

 To present root-cause analysis and recommendations to company related with fault correction process.  

3.1.2 Research Method 

In this sub-heading, the overview of different research methods will be given in order to find the most suitable 

method. Also, brief information about the research purposes will be added to understand the aim of the study.  

Experiment or controlled experiment is a research method that the study is controlled by the researcher to test 

the theories [39]. It focuses on causal relationships more and it is widely used for comparisons of several 

different techniques or methods in a controlled environment. [38]. It is often used as treatment, then the 

treatments are manipulated (e.g. one group gets one technique, other group gets another one). The manipulation 

effect of these methods is measured and statistical analysis is performed to find out the dependencies between 
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factors. Quasi-experiment, another type of experiment, is conducted in a similar way with controlled experiment; 

however the subjects are randomly selected for treatments. 

Survey is conducted for the collection of information by using a specific technique which has already been 

introduced [40]. The main objective of the survey is generalizing a large population based on a representative 

sample. For surveys, usually questionnaires or interviews are used; though it is not necessity [41]. As an example 

of surveys, polls, market research and evaluations will be given. The aim of using surveys is to find some results 

and draw conclusions by collecting the data from the population.  

Case study is a type of research method which is conducted by studying real project and objects [40]. It is used 

for monitoring projects, project activities and assignments; in this way the necessary data can be collected from 

these objects. The collected data serves to a specific purpose that statistical analysis can be made based on this. 

Mostly, the effects of key factors to the output are determined and the process is documented in case studies 

[40]. Case study models can be used for a lot of purposes such as descriptive analysis, predictions, hypothesis 

testing and model development. When it is compared with experiments, the control level is low; thus case studies 

can be regarded as observational methods [40].  

Action Research is similar to case study; however the action research is „focused on and involved in the change 

process‟ while case study is observational [38]. The researcher is actively involved to process and makes 

observations a part of the organization [41]. 

According to Robson‟s classification, there are four types of purposes [41]: 

 Exploratory: trying to find out new insights and perspectives and creating ideas and hypotheses for a 

new research. This study can be considered as exploratory research.  

 Descriptive: describing and portraying a phenomenon 

 Explanatory: aiming to find an explanation of a problem; however not in a form of a causal relationship. 

This study can be considered as exploratory research. 

 Improving: aiming to improve a specific aspect of previous study 

Table 3.1-1 – Research Methodology Characteristics 

Methodology Primary Objective Primary Data Design 

Survey Descriptive Quantitative Fixed 

Case Study Exploratory Qualitative Flexible 

Experiment Explanatory Quantitative Fixed 

Action Research Improving Qualitative Flexible 

3.1.3 Research Method Selection  

Case study research method was chosen to conduct this study. Both qualitative and quantitative approaches were 

used in this study. So, it can be regarded as a mixed approach which provides better understanding of 

phenomenon [41] [42]. Case studies provide enough flexibility to handle both of approaches. While quantitative 

data will be used for converting the collected data into numerical form and statistics (charts, graphs), qualitative 

data will be used for data collection such as interviews, records, videos, etc…  

Case studies are most suitable research methodologies to compete with empirical studies. Case studies provide 

flexibility for data collection and data analysis unlike the other research methods. Also, they may include data 

instruments of others such as surveys may be performed in case studies and archival data may be used for data 

collection. In this study, surveys are also going to be conducted inside case study to prioritize the factors and 

collect additional information.   

In comparison with other research methods, case studies give deeper insights which mean that providing rich 

information and deeper understanding of phenomenon [38]. Also, most of the research questions in software 

engineering are suitable for case studies [38]. Moreover, case studies provide a view that doesn‟t have any strict 

scopes or boundaries between the object and its environment. However, alternative surveys and experiments are 

not suitable for this study because surveys give high level/abstract insights and experiments isolate the 

phenomena from real life and they are mostly focused on theories [43] [44].  

During case study research, triangulation has been used which allowed the researchers to look at the studied 

object from different perspectives in order to provide broader view. In this case study, methodological 
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triangulation has been applied which combined different data collection methods such as qualitative and 

quantitative methods [45].  

3.2 Case and Units of Analysis 

The design of this case was single case which has one unit of analysis, fault correction process and it can be 

considered as holistic case study [44].  

This case study was conducted in collaboration with the organization which is one of the Sweden‟s biggest 

companies, Ericsson AB. The company is a world-leading provider of telecommunications equipment and 

services to mobile and fixed network operators [46]. As of now, the company has over 1000 networks 

approximately in more than 180 countries using the network equipments of Ericsson. Moreover, 40% of the 

world‟s mobile traffic is provided by Ericsson networks. At the end of 2012, the company has total 104525 

employees.  

This case study will be conducted in a specific development site of Ericsson AB. In this branch, mostly product-

customization projects have been done that basic systems are reshaped and customized according to customer 

needs; so it can be said that the implemented products are customer specific. Most customers are from 

telecommunication sector and most of the systems are related with telecommunication facilities. In a year, lots of 

customizations have been implemented successfully and then they have been delivered to customers after 

acceptance tests. During the development of systems and after sales, CSRs (Customer Service Reports) and TRs 

(Trouble Reports) –which are identified defects- were used for documenting the faults in the ongoing projects or 

products. 

Main stakeholders of TR handling process are (See: 3.4.2 for detailed information): 

 Product Manager from product-customization site 

 Post General Availability (GA) Manager from maintenance site 

 System Designer or developer from development site 

 Test Manager, Test Analyst, Tester from testing site 

There are two types of TRs: internal and external. Generally, internal TRs are reported by testers as they are 

finding out faults in product under development during the test executions. Then, these TRs come to related 

development site; here they are assigned to developers according to their availabilities. After correcting the fault, 

developer, who is responsible from the fault, sends the corrected version back to tester. The management of this 

process has been done by product managers. 

On the other hand, in the case of TR is external which means that the fault is reported from customer, TR is sent 

to maintenance unit. Here the node, which reserves the fault, is trying to be found out; after detection and fault 

reproduction, the report is sent to the developer who is responsible from this node. Debugging of node and 

system is made by developers and the fault is corrected. The working product is sent to customer back. In this 

process, GA Manager manages the maintenance of the product so that he has the main responsibility. 

3.3 Research Questions 

In the following table research questions of this case study and their descriptions can be seen. 

Table 3.3-1 – Research Questions 

RQ  Research Question Description 

RQ1 

 

Which factors are significant in affecting 

outcome variables: fault slippage, fault 

correction lead time and final status? 

According to the outcomes of data analysis 

methods and techniques, some correlations 

can be found between descriptive factors 

(See: 5.1) and defined outcomes. Then, 

these factors will be identified according to 

the strength of correlations. 

RQ1.1 

Which approach will be the best to detect 

factors? 

During quantitative analysis, several data 

analysis methods will be in use and the aim 

is to find out which data analysis method 

will be more accurate choice to find 

significant correlations. 



 

 

8 

 

RQ1.2 

Which additional quantitative factors are 

needed? 

For finding more interesting results that will 

help researchers to draw more reliable 

conclusions, additional quantitative factors 

will be needed.   

RQ2  

Which factors are identified by the 

practitioners as they hinder the stakeholders 

to correct TRs in a continuous and 

successful manner? 

 

The interviews can be made with internal 

stakeholders of the fault correction process; 

hence the factors, which hinder the 

practitioners to correct TRs in a continuous 

and successful manner, can be identified.   

 RQ2.1 

What other factors were identified in 

literature? 

The comparison between qualitative data 

and literature review will be made in order 

to capture all factors.  

RQ3  

Which factors do practitioners consider to 

be (a) relevant and (b) most significant? 

The questionnaires can be conducted in 

order to prioritize identified factors with 

both internal and external stakeholders. In 

this way, relevant and most significant 

factors will be found.  

 

For the answer of RQ1, the variables, which have significant effects over outcome variables, needed to be 

identified. Thus some correlations should be found between descriptor and target factors that these variables 

were explained in a detailed way in the first part of Quantitative Analysis (see: 5.1 Variable Description).  

In order to find out some correlations and associations between factors, data analysis methods and techniques 

were applied to training data. To give the best relevant answers to this research question, several data analysis 

methods were used and compared with each other. The outcomes of the statistical solutions were interpreted and 

documented explicitly in order to be sure that the significant correlations were not overlooked. Moreover, the 

researchers tried to find out the answers of a) which approach will be the best to detect factors, b) which 

additional quantitative factors are needed. 

As for succeeding RQ2, interviews were made with the selected participants who are the key stakeholders of TR 

handling process. The texts of interviews were interpreted clearly and significant factors were identified; then 

they were mapped to the cause-effect diagrams. Moreover, literature review was made in order to capture all 

factors; in this way the comparison between qualitative data and literature review would be available.  

The results of RQ1 and RQ2 could be compared with each other to find the best solution.  If identified factors do 

not overlap with the outcomes of quantitative analysis, it could be assumed that the company collects wrong data 

for finding correlations and forecasting. Also, it could be said that the qualitative data seemed to be more 

relevant in finding factors as those needed to be emphasized and captured.   

For RQ3 the questionnaires were conducted for the prioritization of the factors according to their impacts target 

factors; and cause-effect diagram was drawn in order to collect all significant factors under one diagram. Also, 

the recommendations for taking measures to capture/quantify faults were given to build the fault prediction 

model for their current variables. In this way, with the help of fault prediction model the company could have 

more fault-free development process.   
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Figure 3.3-1 – Research Methodology 

3.4 Data Collection  

There are several data collection instruments for the case study research and in this case study, interview and 

questionnaire methods were used for qualitative analysis; on the other hand metrics and archival data were used 

for quantitative analysis.   

Data collection techniques can be classified into three categories [47]:  

 First Degree: They are direct methods that data is collected in real time or by the use of subjects. As an 

example: interviews, observations and focus groups.  

 Second Degree: They are indirect methods that the raw data is collected by researcher without any 

direct interaction with the subjects in real time during data collection phase.  

 Third Degree: They are referred as independent analysis of data which is already available for use. 

Previous data analysis and documents such as project management activities, software requirement 

specifications (SRS), customer service reports, and trouble reports are the examples of the third degree 

technique. This data is already stored on the database of the organization. 
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In this case study, both first degree and third degrees will be used. Interviews and questionnaires are first 

degrees; on the other hand archival data and metrics are third degree techniques.  

3.4.1 Quantitative Analysis 

A. Archival Data and Metrics 

For quantitative analysis, the necessary data to work were collected from archival data and metrics. Archival 

data may comprise document, excel sheets and schedules [38]. From these sheets, some results and correlations 

can be found by the help of various analysis techniques. On the other hand, the organization gives great 

importance to software measurement and record metrics which will be used in distant future. 

During the collection of data, the data quality and suitability should be considered and some precautions should 

be taken for a reliable analysis. Moreover, the data should be checked if there are some missing parts or values. 

For this reason, firstly quantitative analysis could be done and found results could be documented; then during 

interviews the results might be verified and discussed in a deeper way. 

In this case study, archival data had already been ready as one of the most used documents in the organization. 

TR and CSR tables provided necessary quantitative data in order to perform some data analysis methods. These 

reports, which have been documented as excel sheets, were used for defect databases. Although they were 

significant for organization, there were some flaws in the training data. Thus, the data was checked and 

evaluated. According to needs and objectives, some missing data was erased from the training data. The data 

selection process will be seen in a detailed way in „Results of Quantitative Analysis‟ chapter. 

3.4.2 Qualitative Analysis 

A. Workshops 

Workshops were organized to brainstorm main problems and possible results related with target factors, 

qualitative and quantitative data analysis. The participants were mostly two supervisors from both Ericsson and 

BTH. The aim of these workshops was to understand the expectations of company from this study and discuss 

what could be done to get best results from the data. The researchers took notes during the workshops and the 

outcomes of workshops were documented explicitly according to dates. In this way, the researchers had the 

chance to define roadmaps and decide milestones.  

Also, for some workshops the number of participants increased in order to collect more different ideas about the 

current situation. Other participants were mostly from product development and customization department who 

are „Head of Product Development‟, „Project Manager‟ and „Configuration Manager of Product Customization‟. 

B. Interviews 

In the interview process, the interviews had been conducted individually. The interview questions were mainly 

related with issues of the target factors (fault slippage, fault correction lead time, final status of fault). In this 

case study, semi-structured interviews were conducted that the planning of the questions was made; but no order 

was necessary as new questions could be asked spontaneously according to conversation development [41]. 

Improvisation and exploration of the subject could be done deeply in this type of interviews so it was used most 

widely in case studies [41]. Moreover, semi-structured interview was the most suitable type for explanatory 

researches.  

Selection of Interviewees 

It was critical to decide and plan with whom the interviews would be done as interviewees should be familiar 

with TRs, CSRs and correction phase. For providing data triangulation, from every stakeholder group one 

personnel was selected based on coverage of roles and his availability. Related with internal and external TRs, 

one testing specialist and one GA manager were selected respectively. Also, for customization process a project 

manager, who manages product customization and feature planning, was chosen in order to find out general 

issues about TRs. Finally, a system designer, who was responsible for correcting TRs, was selected as he 

represented one of the key groups. In this way, all different stakeholders except customers were included to 

interview process.   

The detail information about the interviewees can be seen in the table below: 
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Table 3.4-1 – Interviewee Selection 

Title 

Experience, 

Current Position 

(years) 

Responsibilities 

Project 

Manager 

>10, 

>1 

He is responsible from product management for customization process. 

He receives orders from different customer units in order to make 

customizations and adjustments. Special features related with the product 

are also included to his work area. The main aim is to make sure that the 

request fit the product and business case behind it. 

Senior Test 

Specialist  

>15, 

>4 

This title includes also test strategist, test analyst and test manager 

activities. The main responsibility area is generating internal TRs coming 

from Ericsson itself.  

Post GA 

Manager  

>15, 

>2.5 

GA: General Availability. After the release of product, it is handled to 

maintenance organization. Post GA Manager, also known as Project 

Manager) manage project maintenance and working with external TRs 

closely. Some of the main responsibilities of this role are to write 

assignments to each product organization for the maintenance activities 

and monitor these activities. 

System 

Designer 

>15, 

>15 

He is responsible from development mainly related with coding and 

implementation. Also, correcting faults found during testing process and 

performing own node tests are other responsibilities of system designer.  

 

Interview Design 

The interview included 5 main parts which were: Introduction, Fault Slippage, Fault Correction Lead Time, 

Final Status and Conclusion. In the introduction part, questions about the role and experiences of the interviewee 

were asked and brief description about the case study and its purposes was given.  Also, the rules and procedures 

of interview were reminded to the interviewee. In the second, third and fourth parts, the questions related with 

the selected subjects (target factors) were asked. These three parts comprise questions regarding the bottlenecks, 

reasons, possible solutions and taken measurements in order to identify as many factors as possible. During the 

interviews, especially hidden reasons and bottlenecks needed to be found as they can be the key factors. In the 

conclusion part, the interviewer gave information about the next phases of case study which were questionnaires, 

thus the availability of the interviewee was checked for conducting the questionnaire. 

During the interviews, the recorder was used to record instead of writing. As it was impossible to remember or 

writing everything, some key questions might be misunderstood or forgotten. For this reason, recording was the 

best option since it might be seen as backup of taking notes [48]. However, notes were taken during the 

interviews as they might help the researchers to ask new questions based on conversation development. In the 

Appendix A the structure of interviews can be seen in a detailed way.  

C. Questionnaires 

Questionnaires were conducted to support archival analysis and interviews as the part of the data collection. 

Detailed information about the questionnaires was given to participants who were also the interviewees. Also, 

help notes were written to help participant in order to collect good results. As the second part, the questionnaires 

were conducted externally to provide a broader view and make comparison with the case company and other 

global companies. Here, the questionnaires were filled by the people who work as in different branches of 

software development such as developers, testers, requirements engineers, etc… 

The questionnaire was designed to allow participants to prioritize the factors which were hindering them in 

correcting TRs in a correct and continuous manner.  Before applying, all the factors which were defined by the 

participants should be collected in an extensive way. Then, they should be re-organized as they might be same or 

point out same issues. After that, the questions were listed hierarchically and grouped according to target factors 

in the excel sheet. In this way, the questionnaire would be ready to be filled by participants.  
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3.5 Data Analysis 

As case study has flexible design, both quantitative and qualitative analyses were used in this case study [38]. 

Especially, several types of quantitative analysis methods were used to find some correlations between variables 

and make predictions. These analysis types were:  

 Descriptive statistics: They are mean values and standard deviations which will be used to create the 

histograms and samples of collected data. 

 Correlation analysis: It will be used to find out some correlations between the former decisions and 

outcomes of these decisions.  

 Hypothesis testing: Hypothesis test will be conducted to find if there is significance between variables 

selected for analysis. 

It was planned that descriptive statistics and correlation analysis would be in use for describing the variables of 

training dataset and finding some correlations between them respectively. Moreover, hypothesis testing would be 

conducted for a statistical test that it could clarify „Is there any significant association?‟ between variables.    

Secondly, qualitative data analysis was conducted in this case study as the second chapter after quantitative 

analysis. The main aim of using qualitative data analysis was to draw some results and comparison of 

quantitative data with interviews. Qualitative analysis had to be done in parallel to data collection. Research 

about new insights should be done continuously as this would give the chance to keep the interview questions 

and questionnaires updated. In this way, the chain of evidence could be provided in order to find accurate and 

useful outcomes.  

In this case study, hypothesis confirmation techniques were also conducted since this case study was 

explanatory. It means that the study would focus on to confirm the hypothesis instead of creating a new one. As 

an example of hypothesis confirmation techniques, triangulation would be given [38].  

3.5.1 Quantitative Analysis 

One of the biggest issues in data analysis is to find the correct and useful analysis methods according to variables 

[49]. Especially, categorical variables needs much more attention when it is compared with others; even 

researchers having sufficient techniques for quantitative data, they have to use different set of techniques while 

working with categorical variables [50]. For categorical data analysis, a researcher must define both dependent 

and independent variables by checking whether they are continuous or categorical [49].  

While choosing the suitable analysis for categorical variables, their scale of measurements should be considered 

as it is the key point. Categorical variables can be grouped as dichotomous (variables with two levels, mostly 

„Yes‟ or „No‟), ordinal, nominal, discrete counts and grouped survival times. The two most significant of them 

all are ordinal and nominal variables as in the ordinal category, between the levels, there is a significant 

clearance; however the relative distances are neither certain nor descriptor. On the other hand, in nominal value 

there is no inheritance between the levels so a researcher doesn‟t have any chance to order them. Moreover, it 

should be considered that the variables can be defined either dependent or independent according to other 

variables. 

In this research, the intent was to find some correlations between variables and most of the variables were in 

nominal value. As in several previous researches [49] [51] [52] were existed, Chi-Square test of association were 

used. This technique provided a sufficient correlation analysis between categorical variables and by using this 

correlation matrix was developed. This correlation matrix might be also called as contingency table analysis 

(r×c) containing r rows and c columns. Both r and c values could take more than two attributes like all 

categorical variables in training dataset having more than two attributes [53].   

In this analysis, only categorical variables were selected and pairwise correlation was performed. Pearson Chi-

Square measure was the default test during this analysis. Although, there were some other tests (such as: Fisher‟s 

exact test) for categorical variables, they weren‟t selected as they are just available for only 2x2 tables [54].  

As the next step, Pearson‟s Product-Moment correlation coefficient was used between independent categorical 

variables and dependent continuous variables. In this analysis, the categorical variables were predictors and the 

continuous variables were outcomes. However; product-moment correlation was not suitable for usage of string 

variables. For this reason, there was a need to use dummy coding which was a simple and reliable method [55]. 

The string levels of categorical variables were converted in dummy variables which were numeric values. In this 
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way, linear relationship and bivariate correlation of variables were carried out in more accurate way. Although 

Pearson‟s Product-Moment correlation coefficient measure was a parametric test, it could be used for non-

parametric variables by using this method. As the researchers have continuous dependent ratio variables, it is 

believed that this is the best way to find associations between these two kinds of variables.  

On the other hand, Spearman‟s rank correlation coefficient will be appropriate measure when the variables are 

ordinal, interval or ratio. In this case study, it was used for the correlations between one independent ordinal 

value and one dependent continuous variable. As it gives the chance of use when both variables are continuous, 

this measure was also selected for the correlations of continuous variables [56].  Moreover, variables did not 

need to be normally distributed in Spearman‟s and this correlation type was not as sensitive as Pearson‟s 

correlation to the outliers [57] [58].  

Also, multiple regression analysis could be done with categorical variables that multiple categorical variables 

were put into the analysis with one dependent continuous variable [59]. The categorical variables could be 

analyzed as independent predictors; however they were needed to be converted into numeric form [55]. As it was 

done in Pearson correlation coefficient previously, the variables recoded into the dummy variables. In this way, 

the researchers had the opportunity to see the effects of multiple predictor variables to the outcome.    

After that, machine learning algorithm, Decision Tree Learning, was performed. This algorithm can be 

considered as the best analysis methods for categorical variables [60]. Machine learning‟s Decision tree is one 

the most popular and practical methods which can be used for inductive inference. Also, it can be performed for 

both continuous and discrete variables regardless of missing variable values; however the target variable should 

have discrete value which means that there are finite number of possible values for output [61].  One of the 

biggest advantages of decision tree algorithms is that they are robust to errors; thus the dataset may contain 

errors [60]. Moreover, it gives more appropriate solutions to classifications and therefore it is easy to regroup 

categorical variables.  

Several decision tree learning algorithms existed such as ID3, ASSISTANT and C4.5; and C4.5 was used as the 

latest algorithm and it gave more accurate results when it was compared with other algorithms. Also, for usable 

results, it would be better to use disjunctive results and choose the categorical variables having low levels for 

analysis [60] [62] [63] [64].  

For the final of the quantitative analysis, Apriori algorithm was used existed in Weka Explorer. The purpose of 

using this algorithm was to find out hidden associations [65] and generate some rules. Apriori gave chances to 

make more accurate predictions and it allowed the researcher to enter several variables at the same time. 

However only categorical variables were valid; thus during this analysis, numerical values such as lead times 

weren‟t used. In this analysis, two variables were selected as target functions while the other variables were used 

as description variables. These two variables were: fault slippage and status as they were representing the results 

of the cases.  

On the other hand, Apriori algorithm in Weka Explorer had some constraints like the attributes of variables must 

have at least 50 instances; otherwise the results of this attribute weren‟t shown as an outcome. Since the 

algorithm claims that there is no sufficient data for creating accurate results, just attributes having large number 

of cases were involved. 

During the quantitative analysis phase, IBM SPSS Statistics 20 and Weka Explorer were used which are two 

powerful tools for analyzing data [66]. The training data were kept in two file types: „.csv‟ and „.arff‟. For SPSS, 

.csv files, which store the data table, were used. On the other hand, the data which kept in .csv files were 

converted to .arff type and it became usable for Weka. After this, this analysis tool generated decision trees, 

artificial neural networks and Apriori.  

3.5.2 Qualitative Analysis 

After the data collection by interviews and questionnaires, the data should be analyzed carefully and deeply. For 

this, open coding and axial coding of Grounded Theory were performed. Coding part was the outcome of the 

questions and defining the answers related with categories [67]. Firstly open coding was performed for the 

analysis of data that it provided identification of all data and assigned conceptual codes to each incident. Then, 

axial coding followed open coding that the researcher regrouped the data and identified relationships among 

open codes. In this way, core codes would be obtained for data analysis.  

In the following the codes identified for the analysis of interviews can be seen: 
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 Participant role and title 

 Years of expertise 

 Previous experience 

 Responsibilities 

 Reasons of Fault Slippage 

 Taken measures to prevent Fault Slippage 

 Reasons of Fault Correction Lead time 

 Solutions to shorten lead time 

 Reasons of unfinished TRs 

 Taken measures to prevent unfinished TRs 

 Improvements 

 Suggestions 

In this way, the interview text were chucked into manageable pieces and converted to necessary information. 

After this, the data were grouped into three categories which were target factors (Fault Slippage, Fault 

Correction Lead Time and Final Status). Then these categories were mapped to cause-effect diagrams as they 

included the affecting factors of target factors.  In the qualitative analysis part, the process can be seen in a more 

detailed way.  

As the next phase, with the outcomes of interviews the questionnaires were prepared and performed. The 

outcomes of the questionnaires were mapped as the cause-effect diagrams; then identified factors were 

prioritized based on hierarchical cumulative voting method. Cumulative voting can be considered as the most 

accurate method since it has been used for the prioritization of requirements or factors in the previous studies 

[68] [69]. In hierarchical cumulative voting, prioritization can be done on different levels based on hierarchical 

order of factors. In this way, the factors can be grouped with respect to their influential target factors.  

The prioritization was made by the interviewees-most important stakeholders of TR handling- and externally by 

professionals. As a result of prioritization, the list of factors, sorted to their significance over target factors, was 

created. These results interpreted in the „Discussion‟ part with respect to comparison with the results of 

quantitative analysis.  

3.6 Threats to Validity 

The validity of the research checks the accurateness of the results. There are four types of validity which are 

construct, internal, external and reliability. 

3.6.1 Construct Validity  

Correct data analysis method selection: For the quantitative analysis, correct and usable analysis methods 

needed to be selected by looking their usages, capabilities and suitability. Especially, data suitability was the 

riskiest part of quantitative analysis as all of the analysis methods gave appropriate results to different data 

scales. For this reason, in this case study data analysis methods were selected according to data suitability firstly. 

Then their usage areas were considered and lastly they were compared with other suitable analysis methods. 

According to these selection criteria, the most appropriate data analysis methods were chosen. In this way, the 

researchers aimed to improve the reliability of data analysis. 

Correct and Complete Company Data: There is always a risk that the company data may be inaccurate (such 

as: lead-times) as they might cause wrong results. Also, incomplete data will be seen as risk since the results 

might not be found. These threats have been reduced by deleting unrealistic data and using data analysis methods 

which are compatible with incomplete data such as Machine Learning algorithms.  

Moreover, the archival data which were especially related with the fault slippage including „where the fault 

should have been detected‟ and „where the fault was found‟ would be inaccurate. Since most of the developers 

think that the fault should have been found in early stages, they generally fill the SHODET column as 

„Basic/Component Test‟ (according to survey made by interiorly – 70%). To cope with this issue, the researchers 

considered the other options having high rates after this value and the entire quantitative analysis was made by 

checking not the best rate; but also high rates. 
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Correct Data Measurements: There is a risk that the interviews were made after the quantitative analysis and 

the outcomes of the quantitative analysis may be different than qualitative analysis or there may be not any 

common points. The interviewee may be influenced because of quantitative analysis results since this behavior 

affect the manners of the interviewee. He will be suspicious and choose to remain silent as he doesn‟t want to 

give wrong information. For coping with this issue, the results of quantitative analysis were not served directly to 

the interviewee and the researcher waited interviewee to express his opinions first.    

Selection of interviewees: For the interviews, to provide ideal conditions, appropriate interviewees should be 

chosen. These interviewees must have at least sufficient knowledge about the subject and be available for a face-

to-face interview. Otherwise it would be some risks if face-to-face interview would not be held. For this reason, 

this case study was explained to supervisors and possible specifications of the interviewee candidates were 

determined with them. Then with the help of supervisors and practitioners, suitable interviewees were selected. 

The interviewees had rich experience and were good representatives. Also, interviewees were selected from 

different departments to look at the subject in a broader way. 

Correct and complete data interview: Researchers also paid attention to correct data interview and avoided 

misinterpretations of interview questions. For this reason some precautions were taken to collect correct data. 

Firstly, the mails which include the content of the study were sent to interviewees and possible questions which 

would be asked during interview were listed in these mails. Secondly, all interviews were recorded to let the 

researcher to listen the conversations again. Moreover, the outcomes of the interview were sent to each 

interviewee to check the validity of interpretations. In this way, parts which were misunderstood would be 

detected.    

Researcher Bias: There is a possible risk that the researcher may influence the flow and outcome of the 

interviews. For minimizing this risk, the outcomes of the interview, which were cause-effect diagrams, were 

shared with interviewees and requested to check if there were any mistakes or missing points.  Moreover, it was 

assured that the identification of the participants would remain confidential; just the roles and titles would be 

used.  

3.6.2 Internal Validity 

Confounding Factors: Target factors (fault slippage, fault correction lead time, final status of faults) were 

identified in the beginning of the case study based on archival data and metrics. However, there is a risk that the 

target factors will also be affected by other factors that the researcher is not aware of it. To minimize this threat, 

the workshops and interviews were made to define other factors which were not defined in the documents or 

sheets of the organization. In this way, this threat is considered being under control.  

3.6.3 External Validity 

A specific company: There is a potential threat that this case study has been conducted within a one company. 

The case can be considered as specific as it may not be suitable to apply the techniques and methods to another 

company. In this study, the case and unit of analysis were researched deeply; besides the results are shaped based 

on the company needs. To cope with this issue, the results, which were found from the analysis, were mapped to 

the general processes and high level issues [70].  

Secondly, questionnaires were also conducted with external professionals who are working in different roles in 

different companies. In this way, the approach of the case study become more general and the readers will have 

the chance to discover how the outcomes of the case study were mapped to another specific context.   

3.6.4 Reliability 

Reliability testing for quantitative data: After the data analysis, analysis of significance and reliability tests 

were done to verify that the outcomes of the analysis gave accurate results. Chi-Square significance tests, „p‟ or 

Pearson value testing and Artificial Neural Networks were some of the methods that they were used to check the 

reliability of tests. According to outcomes of reliability tests, the results were discussed as they had accurate 

outcomes or not. In the quantitative analysis part, all these processes were explained in a detailed way.  

Interpretation of data: Interpretation of outcomes from both qualitative and quantitative analysis was one of 

the biggest threats in this study as the researcher might draw wrong conclusions and made wrong predictions. To 

mitigate this risk, during the quantitative analysis reliability tests were executed to validate the collected 

outcomes are accurate. For qualitative analysis, which includes the reports of interviews and questionnaires, the 

interviews were recorded and the notes were taken in order to resolve misunderstandings. Secondly, data 

triangulation was applied throughout the study for being sure the correctness of the results.  
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Correctly documented study: There is a threat that the outcomes, results and used approaches in case study 

would be document in a poor and shallow way. For this reason, the researchers motivated all the used methods 

and tools throughout the study and the paper was reviewed by the supervisors from both Blekinge Institute of 

Technology and Ericsson.   
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4 BRIEF DESCRIPTION OF QUANTITATIVE ANALYSIS METHODS 

4.1 Chi-Square Test for Association 

Chi-Square test, a statistical hypothesis test, is one of widely used methods by statisticians [71]. Although it can 

be used in several different ways, mostly it is used for finding out the association between categorical variables. 

If there is no association between categorical variables, it means that variable 1 doesn‟t have any effect over 

variable 2 or it is not affected from variable 2; so it can be said that these two variables are independent from 

each other. Generally, Chi-Square tests are used for defining the goodness of fit and contingency tables for 

categorical variables [72].  

In the below some of the methods of chi-square test can be seen: 

 Pearson‟s chi-squared test 

 Likelihood ratio test 

 McNemar‟s test 

 Yates‟ chi-squared tests 

4.1.1 Pearson Chi-Squared Statistics 

Pearson Chi-Squared Statistics or Chi-Square test of association was found in 1900 by Karl Pearson who is 

known also with Pearson product-moment correlation [72]. It is one of the most used and popular tests nowadays 

and it can be used for any distribution [71]. 

Testing H0 for the Pearson chi-squared statistic is [5]:  

𝑋2 = 
(𝑛𝑖𝑗 − 𝜇𝑖𝑗 )

2

𝜇𝑖𝑗
 

Equation 4.1-1 – Pearson Chi-Squared 

 X
2
 = Pearson‟s test statistic 

 n: frequency which is observed 

 μij: an expected frequency, representing the values of the expectations in the case Ho is true. 

The formula which can be seen in the above will take minimum value of 0 when all nij = μij  [72]. So, greater 

differences between nij and μij will produce bigger X
2
 value and thus it will show a stronger acceptance against 

H0 [72]. While X
2
 value shows the approximate chi-squared distribution for n; p value determines the right-tail 

probability for X
2
 value.  

On the other hand, chi-square test can be used to find out p value which reflects that the null hypothesis is true 

for specific analysis. If p value is less than α which takes usually the value of 0.01 or 0.05, then the null 

hypothesis will be rejected and it can be claimed that the result of the analysis is significant. 

4.2 Pearson’s Product-Moment Correlation 

The Pearson product-moment correlation coefficient, r, is a measure of correlation coefficient between two 

variables which was proposed by Karl Pearson in 1895 [73]. Generally, it is a statistical metric which used to 

define the strength and significance of linear dependence of relationships [74].  It is popular and widely used in 

many areas such as data analysis, data mining and pattern recognition; also used to describe the correlation 

between Boolean variables [75]. Commonly, simple correlation coefficient is represented by „r‟; however ρ(rho) 

may be also referred to population correlation coefficient [76]. 

For population Pearson correlation coefficent, the formula is [76]: 

 

Equation 4.2-1 – Pearson’s Product-Moment 
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If Pearson correlation will be used for a sample, then the formula is: 

 

Equation 4.2-2 – Pearson Correlation 

„r‟ value can take the value in the range of [-1,1]. If r value is greater than 0, then the variables are positively 

related; on the other hand if r is smaller than 0, then the variables are in association negatively. „0‟ value 

indicates that they is no association between variables. This means that greater r value, the strong correlation 

between variables. In the case of sample correlation, t test can be used to test the null hypothesis which 

represents „0‟ value for r. If the test outcomes are significant, null hypothesis will be rejected and this indicates 

that there is a linear correlation between two variables [76]. On the hand, if null hypothesis is accepted, then it 

represents that there is no linear correlation among them. 

4.3 Spearman’s Rank Order Correlation 

Spearman‟s rank correlation coefficient, mostly known as Spearman‟s rho was found by Charles Spearman and 

like Pearson Correlation Coefficient it is also shown with ρ(rho) or r [57]. The biggest difference from Pearson 

is that this test is non-parametric measure which describes the association between two variables. It tests the 

relationship‟s strength by using monotonic function.   

The formula of Spearman Correlation is: 

 

Equation 4.3-1 – Spearman’s Rank Order Correlation 

While performing Spearman correlation, all the cases of first variable are ranked and then the second variable is 

ranked independently from the first variable [57]. 

4.4 Decision Tree Learning 

Decision Tree Learning or Machine Learning Decision Tree is one of the popular methods for using inductive 

reference [60]. It is mostly used in statistics, data analysis and machine learning that result with predictive model 

which maps variables as a tree branch. These trees can be called as either classification trees or regression trees 

depending on their purpose. In decision tree learning, main goal is to predict and approximate target functions.  

Decisions can be represented with a tree and variables are leaf nodes. They can be sorted down from root to the 

leaves. Each node in decision tree represents an attribute of a variable and each branch represents descending 

[60]. 

Some of the advantages of Decision tree learning when it is compared with other algorithms [60]: 

 Easy to understand and interpret: A reader can easily understand how the decision tree was created. 

 The data set may contain errors as the decision tree is resistant to errors. So, it requires a little data 

preparation. 

 The data set may have some missing values even they have some unclassified values as the test will 

show the necessary tolerance. 

 It can measure categorical, interval and ratio data and there is no need to use any other methods. 

 It can handle large amount of data as the algorithm is robust to large data sets. 

4.5 Apriori 

Apriori is a seminal algorithm which is used for learning association rules [80][81]. It was proposed by Rakesh 

Agrawal and Ramakrishnan Srikant in 1994. It was developed for mining items which are for Boolean 

association rules. The purpose of Apriori is to find out hidden associations and useful rules which are produced 
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from training dataset [65]. In this way, with the use of these rules, some predictions and judgments can be made 

in order to find unknown information. 

In the following the pseudo code of Apriori algorithm and the definitions of two main values can be seen [80].  

 Lk : Set of large k-itemsets which are having minimum support. 

 Ck : Set of candidate k-itemsets which are potentially large itemsets. 

 

1. L1 = {large 1-itemsets}; 

2. for (k=2; Lk-1 ≠ Ø; k++) do begin 

3. Ck = apriori-gen(Lk-1) // New candidates 

4. forall transactions t ε D do begin 

5. Ct = subset (Ck, t) // Candidates contained in t 

6. forall candidates c ε Ct do 

7. c.count++; 

8. end  

9. Lk={c ε Ck | c.count > minsup} 

10. end 

11. Answer=Uk Lk; 

The implementation of the algorithm has five steps which are [80][81]: 

1. Create candidate item set C by scanning all the training data, considering the appearing times of each 

variable. 

2. Determine the set of variables which are greater than defined min-support.  

3. Define a variable-set that the length is k-1. 

4. Calculate the taken values of each candidate item-sets and check whether they have greater or equal 

value from min-support. 

5. Iterate the steps until it can‟t create new candidate item-sets.   

 

 

 

 

 

 

 

 

 

 

 



 

 

20 

 

5 RESULTS OF QUANTITATIVE ANALYSIS 

5.1 VARIABLE DESCRIPTION 

In the table below, names of variables -collected for the data set of case company- and their descriptions, can be 

seen. In the training data set, there are totally 21 variables. The last column of the table, „Original?‟ represents 

whether the defined variable is original or generated by the researchers by using original variables.  

Table 5.1-1 – Variable Description 

NO VARIABLE NAME VARIABLE DESCRIPTION ORIGINAL? 

V1 Severity Severity of the problem ORIGINAL 

V2 Node Type Name The troubled node belongs to which system ORIGINAL 

V3 Tier Name Tier level of the product ORIGINAL 

V4 Submitter Priority Submitter Priority of the customer ORIGINAL 

V5 Status Current status of the problem ORIGINAL 

V6 Phase Current phase of the problem ORIGINAL 

V7 Register MHO 
The registered level of sub-system having the 

problem 
ORIGINAL 

V8 Design MHO 
The design level of sub-system having the 

problem 
ORIGINAL 

V9 Answer MHO The sub-system having the problem ORIGINAL 

V10 Customer & Project The code name of Customer and Project ORIGINAL 

V11 Experienced Impact on ISP 
What is the effect of fault to In Service 

Performance? 
ORIGINAL 

V12 Faulty Product The code of faulty-product ORIGINAL 

V13 DIDDET When was the fault detected? ORIGINAL 

V14 Answer Code Solution of the problem. ORIGINAL 

V15 SHODET  When should the fault have been detected? ORIGINAL 

V16 Lead Time Total lead time of the problem solving. GENERATED 

V17 Lead Time(Creation-Register) Lead time between Creation and Register dates. GENERATED 

V18 
Lead Time(Register-

Assigned) 
Lead time between Register and Assigned dates GENERATED 

V19 
Lead Time(Assigned-

Resolved) 
Lead time between Assigned and Resolved dates. GENERATED 

V20 Lead Time(Resolved-Closed) Lead time between Resolved and Closed dates. GENERATED 

V21 Slippage Slippage from SHODET to DIDDET GENERATED 

 

For the quantitative analysis, necessary variables were selected by observing their capabilities. „CSR‟ table, 

which includes customer service reports -coming from end-users and customers-, defines the rising problems, 

their severities, node type names, tier names, etc... In the TR table, based on CSR table, the latest situations of 

problems were defined. This table includes most of the key variables such as the submitter priorities of 
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companies having problems, the current status and phases of problems and code of faulty products. Moreover, 

DIDDET (When was the fault detected) and SHODET (When should have been the fault detected) are the other 

columns of this table.  

These two tables have just one common column, TR (Trouble Report) Number which is unique string value of 

each case. In this way, the researchers could achieve to merge the tables by using TR Number variable.  

During the selection of variables, some of them were deleted as they are same for all cases and they do not mean 

anything special. Also, some of the columns (TR Number) were not found suitable for data analysis as they were 

unique for all cases or they are string variables and they include long sentences that the analysis of them cannot 

be done appropriately.  

Moreover, the date values were deleted; instead numeric lead time values were created which show the duration 

between phases. Thus, the data suitability would be provided in order to practice quantitative analysis. Besides, a 

new variable was created, Slippage, to define the slippage ratio between the DIDDET and SHODET variables. 

The aim of creating this variable is to understand which conditions or problems cause the slippage. So, it would 

give the opportunity to find out some reasons causing fault slippage and to explore what are the common 

slippage types.  

5.1.1 Priority Value 

Priority values basically show the significance of the fault that the impact of the defect over the system 

determines the significance. However, priority values are not only related with the impact of defect but it also 

considers the time to fix it and business commitments. According to internal stakeholders, these two issues 

decide the priority level at most. Moreover, dependency between modules affects the priority value since the 

defect in a specific module may not be considered as important; however this module may affect other modules 

or even the entire system. In this case, these types of defects are defined as „A‟ priority which is the highest 

priority.  

5.1.2 Type of defects 

The defects defined in company dataset showing huge diversity as the scope of the defects are extensive. They 

are mostly related with memory leaks, GUI problems, inaccurately defined parameters, interaction problems 

between modules, etc… So it can be said that the dataset includes nearly all types of defects. Moreover, lack of 

meeting the requirements or keeping commitments have been defined by developers and testers as defect; since 

customer service reports also include these issues. Though the client doesn‟t know the rising issue is whether 

defect or missed requirement, they are also added to CSR tables.    

5.2 Application of Chi-Square Association 

In this part of quantitative analysis, Chi-Square test of association was used to discover if there is a correlation 

between two categorical variables. Pearson Chi-Square measure was selected as a default test method and the „p‟ 

value in the table 5.2-1 shows the level of the correlation between variables. „p‟ value can take the value between 

[0,1]. While „0‟ shows that there is no relationship, „1‟ shows there is a great correlation between each other. The 

hypotheses which should be tested in this analysis are [53]: 

 H0: There is no association between two variables. 

 H1: The two variables are associated. 

In the case of p<0.001, the null hypothesis will be rejected and instead it can be reported that „the two variables 

are associated.‟ In this Chi-Square contingency table, all the categorical variables are paired with each other. The 

possible associations, which were found, highlighted with grey color according to the hypotheses. Besides, the 

strength of correlations between variables was measured by Cramer‟s V value. There was a chance to use „Phi‟ 

value or „V‟ value; however „V‟ value was chosen as it is more suitable for larger tables [53]. „V‟ value can take 

the value between 0 and 1. „1‟ value is interpreted as there is a large effect between variables and „0‟ value 

represents that there is no effect.  
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Table 5.2-1 – Chi-Square Association  

  V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V21 

11 
p - ,371 ,319 ,000 ,907 ,690 ,000 ,100 ,156 ,262 ,513 ,106 ,033 ,658 ,701 ,182 

V - ,132 ,068 ,217 ,112 ,075 ,250 ,162 ,163 ,355 ,096 ,242 ,167 ,157 ,142 ,292 

V2 
p ,371 - ,552 ,203 ,000 ,000 ,000 ,000 ,000 ,000 ,000 ,000 ,028 ,061 ,000 ,000 

V ,132 - ,118 ,143 ,268 ,282 ,350 ,845 ,814 ,540 ,194 ,907 ,148 ,185 ,268 ,335 

V3 
p ,319 ,552 - ,485 ,169 ,063 ,959 ,697 ,476 1,000 ,986 ,998 ,995 ,997 ,877 1,000 

V ,068 ,118 - ,054 ,135 ,134 ,106 ,114 ,139 ,191 ,036 ,130 ,052 ,086 ,116 ,132 

V4 
p ,000* ,203 ,485 - ,010 ,042 ,028 ,265 ,025 ,005 ,044 ,041 ,137 ,000 ,011 ,203 

V ,217 ,143 ,054 - ,162 ,127 ,204 ,146 ,185 ,400 ,137 ,254 ,150 ,280 ,207 ,291 

V5 
p ,907 ,000 ,169 ,010 - ,000 ,000 ,000 ,000 ,000 ,000 ,000 ,380 ,000 ,000 ,000 

V ,112 ,268 ,135 ,162 - 1,000 ,248 ,273 ,475 ,404 ,466 ,368 ,130 ,443 ,429 ,492 

V6 
p ,690 ,000 ,063 ,042 ,000 - ,000 ,000 ,000 ,000 ,000 ,000 ,264 ,000 ,000 ,000 

V ,075 ,282 ,134 ,127 1,000 - ,254 ,309 ,471 ,405 ,398 ,385 ,136 ,407 ,405 ,469 

V7 
p ,000 ,000 ,959 ,028 ,000 ,000 - ,000 ,000 ,000 ,056 ,000 ,000 ,000 ,000 ,000 

V ,250 ,350 ,106 ,204 ,248 ,254 - ,408 ,336 ,791 ,184 ,422 ,438 ,231 ,230 ,545 

V8 
p ,100 ,000 ,697 ,265 ,000 ,000 ,000 - ,000 ,000 ,000 ,000 ,000 ,000 ,000 ,000 

V ,162 ,845 ,114 ,146 ,273 ,309 ,408 - ,900 ,564 ,200 ,883 ,292 ,208 ,270 ,470 

V9 
p ,156 ,000 ,476 ,025 ,000 ,000 ,000 ,000 - ,000 ,000 ,000 ,000 ,000 ,000 ,000 

V ,163 ,814 ,139 ,185 ,475 ,471 ,336 ,900 - ,513 ,479 ,816 ,180 ,406 ,435 ,480 

V10 
p ,262 ,000 1,000 ,005 ,000 ,000 ,000 ,000 ,000 - ,109 ,000 ,000 ,001 ,160 ,000 

V ,355 ,540 ,191 ,400 ,405 ,405 ,791 ,564 ,513 - ,359 ,514 ,517 ,367 ,351 ,406 

V11 
p ,513 ,000 ,986 ,044 ,000 ,000 ,056 ,000 ,000 ,109 - ,000 ,927 ,000 ,000 ,000 

V ,096 ,194 ,036 ,137 ,466 ,398 ,184 ,200 ,479 ,359 - ,375 ,106 ,477 ,484 ,506 

V12 
p ,106 ,000 ,998 ,041 ,000 ,000 ,000 ,000 ,000 ,000 ,000 - ,992 ,000 ,000 ,250 

V 242 ,907 ,130 ,254 ,368 ,385 ,422 ,883 ,816 ,514 ,375 - ,188 ,282 ,263 1,000 

V13 
p ,033 ,028 ,995 ,137 ,380 ,264 ,000 ,000 ,000 ,000 ,927 ,992 - ,992 ,420 ,000 

V ,237 ,148 ,052 ,150 ,130 ,136 ,438 ,292 ,180 ,517 ,106 ,188 - ,141 ,157 1,000 

V14 
p ,658 ,061 ,997 ,000 ,000 ,000 ,000 ,000 ,000 ,001 ,000 ,000 ,992 - ,000 ,000 

V ,222 ,185 ,086 ,280 ,443 ,407 ,231 ,208 ,406 ,367 ,477 ,282 ,141 - ,432 ,430 

V15 
p ,701 ,000 ,877 ,011 ,000 ,000 ,000 ,000 ,000 ,160 ,000 ,000 ,420 ,000 - ,000 

V ,142 ,268 ,116 ,207 ,429 ,405 ,230 ,270 ,435 ,351 ,484 ,263 ,157 ,432 - 1,000 

V21 
p ,182 ,000 1,000 ,203 ,000 ,000 ,000 ,000 ,000 ,000 ,000 ,250 ,000 ,000 ,000 - 

V ,292 ,335 ,132 ,291 ,492 ,469 ,545 ,470 ,480 ,406 ,506 1,000 1,000 ,430 1,000 - 

*Correlation is significant at the 0.01 level  
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Some of significant correlations found are: 

 Severity of the problem is associated with the submitter priority of the customer; however the strength 

of correlation is weak – moderate.  

 Submitter priority variable is in correlation with Status and Answer Code variables; however the 

relation is weak.  

 There is a correlation between Status and Phase variables and the strength of the correlation is so great 

that V value is 1.000. Status variable is also in association with moderate strength with some variables 

such as Faulty Product and Slippage. 

 Answer Code variable is related with several variables such as Register MHO, Design MHO and 

Answer MHO in a moderate level. Moreover, it is associated with Node Type Name, Phase and Status 

variables. So, it can be said that answer code have effects to lots of variables or it is affected by them.   

 Slippage is also in correlation with several variables such as Faulty Product, Experienced Impact on ISP 

and MHO variables. Overall, the strength of correlations is moderate. However, it can be stated that 

there are lots of factors affecting the slippage of faults. 

5.3 Application of Pearson’s Product-Moment Correlation 

The Pearson‟s Product-Moment correlation coefficient results between variables can be seen in a table below. In 

the rows, the dependent continuous outcome variables can be seen while in the columns the independent 

predictor categorical variables took place.  

Pearson „r‟ value can take the value of between [+1,-1]. +1 or -1 values indicate that there is a perfect correlation 

between two variables. If the correlation coefficient is 0 or close to 0, it means that there is no association 

between two variables. Also, the direction of the correlation defines how the variables are related with each 

other. If the correlation coefficient is positive, then there is a direct relationship between variables showing that 

if one variable increases, the other will increase, too.  On the other hand, negative correlation coefficients show 

that inverse relationship exists between variables. In this case, if one variable increases, the other variable will 

decrease.  

One of the important results in the Pearson‟s correlation is its significance value (Sig.). If Sig. is lower than the 

0.05, it can be said that the correlation is significant at the 0.05 level: p<0.05 and the chance of relationship 

being there is at least %95. For example: if we analyze the correlation results between V2 and V16, it can be said 

that the correlation is significant at the 0.05 level (0.36); however the strength is low (0.105). Moreover, if Sig. is 

lower than the 0.01, the correlation is significant at the 0.01 level: p<0.01. As an example; when we look at 

correlation coefficient between V14 and V16; it can be seen that there is a correlation at the 0.01 level (0.00) and 

the strength of it is moderate (0,302). Lastly, „N‟ value shows the number of cases put into operation.  

Table 5.3-1 – Pearson’s Product-Moment Correlation 

  V2 V3 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V21 

V16 

R ,105* ,023 . . ,037 ,177** ,057 ,010 -,044 -,153** ,074 ,302** -,124* -,121* 

Sig ,036 ,646 ,000 ,000 ,457 ,000 ,253 ,849 ,381 ,002 ,139 ,000 ,013 ,015 

N 402 402 402 402 402 402 402 402 402 402 402 402 402 402 

V17 

R -,109* -,006 -,021 ,109* ,109* ,092* ,060 -,154** -,061 ,108* ,096 -,072 ,125** ,130** 

Sig ,016 ,900 ,635 ,015 ,015 ,041 ,183 ,001 ,179 ,016 ,064 ,108 ,005 ,004 

N 496 496 496 496 496 496 496 496 496 496 373 496 496 496 

V18 

R ,038 -,002 ,035 ,153** -,029 ,049 ,044 -,117* -,043 ,121* ,300** ,012 -,028 -,025 

Sig ,421 ,970 ,459 ,001 ,547 ,299 ,352 ,014 ,362 ,011 ,000 ,805 ,551 ,597 

N 442 442 442 442 442 442 442 442 442 442 373 442 442 442 

V19 

R ,084 -,010 ,119* -,076 -,083 -,030 ,077 ,064 ,125** -,065 ,923** ,096* -,108* -,103* 

Sig ,074 ,825 ,011 ,106 ,076 ,525 ,101 ,172 ,008 ,163 ,000 ,041 ,021 ,029 

N 455 455 455 455 455 455 455 455 455 455 402 455 455 455 

V20 

R ,050 ,023 -,046 -,224** ,078 ,176** ,243** -,007 ,188** -,121* ,126* ,363** -,263** -258** 

Sig ,296 ,626 ,336 ,000 ,106 ,000 ,000 ,891 ,000 ,012 ,012 ,000 ,000 ,000 

N 433 433 433 433 433 433 433 433 433 433 402 433 433 433 

*Correlation is significant at the 0.05 level (2-tailed) **Correlation is significant at the 0.01 level (2-tailed) 

In the following, some of the significant correlation results were listed in a detailed way: 
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 The total lead time is in correlation with some variables such as: Design MHO, Faulty Product and 

Answer Code. While the correlations with Design MHO and Faulty Product are weak, the correlation 

with Answer Code is moderate. 

 Lead Time (Creation-Register) is in correlation with several variables however the relationships are 

weak.  

 There is a very strong correlation between Lead Time (Assigned-Resolved) and DIDDET at the 0.01 

level. 

 The lead time (Resolved-Closed) is in association with several variables. Most of them are weak; but 

the correlation with Answer Code and Slippage can be regarded as moderate strength. 

 The slippage variable is in correlation with all lead time values; however the correlation is weak. 

5.4 Application of Spearman’s Rank Correlation 

Spearman‟s rank correlation coefficients between both ordinal categorical variables and continuous dependent 

variables can be seen in the table below. While V1 and V4 variables are ordinal scales; the others are ratio 

scales.   

Spearman‟s Rank Correlation has the same output interpretation with Pearson‟s Correlation. R is still presenting 

the strength the correlation while Sig. is the significance of correlation. However, the outputs of these two 

correlation types are completely different when the same variables were selected.  

Table 5.4-1 - Spearman's Rank Correlation 

  V1 V4 V16 V17 V18 V19 V20 

V1 

R - ,147** ,008 ,043 ,181** ,096* -,048 

Sig. - ,001 ,870 ,336 ,000 ,040 ,314 

N - 496 402 496 442 455 433 

V4 

R ,147** - ,027 ,066 ,129** ,200 ,066 

Sig. ,001 - ,592 ,143 ,006 ,000 ,170 

N 496 - 402 496 442 455 433 

V16 

R ,008 ,027 - ,008 ,079 ,287** ,906** 

Sig. ,870 ,592 - ,867 ,130 ,000 ,000 

N 402 402 - 402 373 373 402 

V17 

R ,043 ,066 ,008 - ,110* -,036 -,051 

Sig. ,336 ,143 ,867 - ,021 ,441 ,289 

N 496 496 402 - 442 455 433 

V18 

R ,181** ,129** ,079 ,110* - ,025 -,002 

Sig. ,000 ,006 ,130 ,021 - ,610 ,971 

N 442 442 373 442 - 433 382 

V19 

R ,096* ,200 ,287** -,036 ,025 - ,115* 

Sig. ,040 ,000 ,000 ,441 ,610 - ,022 

N 455 455 373 455 433 - 395 

V20 

R -,048 ,066 ,906** -,051 -,002 ,115* - 

Sig. ,314 ,170 ,000 ,289 ,971 ,022 - 

N 433 433 402 433 382 395 - 

*Correlation is significant at the 0.05 level (2-tailed) **Correlation is significant at the 0.01 level (2-tailed) 

Here are the outcomes of Spearman‟s rho: 

 Although there are some correlations between variables, the strength of them is weak.  

 Severity variable is in correlation with submitter priority at the 0.05 level; however it is weak. But there 

is one interesting outcome that severity of the problem has some effects over two lead time values.  

 Also, submitter priority of the customers is in correlation with one lead time value; but the strength is 

weak. 

 Lead Time between Register-Assigned dates is related with lead time between Creation – Register 

dates.  

 The strongest correlation for Spearman‟s rho is between overall lead time and lead time between 

Resolved – Closed Value. Based on this, overall lead time is mostly dependent on lead time between 

Resolved-Closed instead of other lead time values.  
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5.5 Application of Multiple Linear Regression 

In the below, multiple linear regression analysis between multiple categorical variables and dependent 

continuous variables can be seen: 

1. Independent Variables: V1: Severity, V4:Submitter Priority - Dependent Variable: V16: Lead Time 

2. Independent Variables: V21:Slippage, V14: Answer Code, V16: Lead Time 

3. Independent Variables: V2: Node Type Name, V3: Tier Name – Dependent Variable: V16: Lead Time 

4. Independent Variables: V7: Register MHO, V8:Design MHO, V9:Answer MHO – Dependent Variable: 

V16:Lead Time 

5. Independent Variables: SHODET, DIDDET, Dependent Variable: V16: Lead Time – Dependent 

Variable: V16: Lead Time 

Table 5.5-1 - Multiple Linear Regression 

Model R R Square Sig 

1 ,123 ,015 ,191 

2 ,312 ,097 ,000 

3 ,334 ,112 ,019 

4 ,214 ,046 ,000 

5 ,177 ,031 ,002 

 

In multiple regression analysis outcomes, R Square is a proportion of variance in dependent variable that 

explains how much the independent variable makes the dependent variable change [82]. It reflects the overall 

measure of strength of association but it doesn‟t give any measure about which specific independent categorical 

variable is in correlation with the dependent variable. „R‟ is the square root of R square and Adjusted R Square is 

the value that gives more accurate results to estimate the R square.  

According to this table, generally the correlations between multiple categorical variables and dependent 

variables are really weak so it can be said that there is no significant correlation between these variables.  

5.6 Application of Machine Learning Decision Tree 

In the below, several categorical variables from dataset were put in a decision tree learning analysis. During the 

analysis, C4.5 algorithm was used as it is known as J48 in Weka Explorer. J48 is mainly based on Java which is 

an open source implementation and provides a great stability for speed and precision [61]. Also it has been 

proved by researchers that J48 is better than other classification algorithms. For testing, cross-validation 

technique was selected that it is used for analyzing dataset and validate the prediction model.  The working style 

of cross validation is simple that it divides the data into subsets and performs the analysis on the selected subset. 

In our analysis, 10 folds cross validation was selected; it means that the dataset was divided into 10 subsets 

randomly. One of them was selected for testing and the rest of them were used for analyzing data. Then the other 

subsets were used for testing and the process of cross-validation repeated 10 times. In this way, every case was 

used in both analyzing and testing process at least once [60].  

Moreover, while performing the decision tree learning, the target and decision variables should be defined in 

order to get correct results. In this study, slippage, status and lead time variables are serving as target functions 

and the others are predictors having effects over the target functions. However, in some occasions, the variables 

can be seen both predictor and target values as they affect each other mutually. The relationship between 

submitter priority and severity variables can be given as an example to this kind of association. 

While performing decision tree analysis, there are some values which should be taken in consideration. These 

values provide to have more accurate and significant results and they analyze the variables group by group 

instead of looking as a whole. So, this gives the chance to check the accuracy of attributes of variables. These 

values are: 

 Classification Accuracy = TP+TN/N: The rate of true positive and true negative instances to total 

instances. 

 Recall = TP/ TP+ TN: The rate of True Positives to total of True Positives and True Negatives.  

 Precision = TP/ TP+FP: This value indicates the ratio of True Positives to total of True Positives and 

False Positives. 
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 ROC Area: This value, Receiver Operator Characteristics, is used to detect false positives and false 

negatives. For a mediocre prediction, the value should be between 0.6 and 0.7 and for good prediction, 

the value should be greater than 0.8. If the ROC Area is smaller than 0.5, then there is something wrong 

in prediction, decision tree or training data. 

5.6.1 Severity – Submitter Priority 

 

 

Figure 5.6-1 – Machine Learning Decision Tree / Severity – Submitter Priority  

 

In the decision table above, the relationship between submitter priority and severity variable can be seen. As it 

may be seen on the attributes of severity variable, there are 67 cases classified as „A‟ priority; however 29 of 

them were incorrectly classified. It means that 38 cases are correctly classified. On the other hand, 363 cases 

were classified as „B‟ priority; however only 188(363-175) cases were correctly classified. Besides, there are 66 

cases classified as „A‟ priority and 29(66-37) of them were correctly classified. 

Precision, recall and ROC Area results which are found for decision tree can be seen below: 

Table 5.6-1 – Rates of Severity – Submitter Priority  

Accuracy Precision Recall ROC Area Class 

%56 0.389 0.25 0.6 LOW 

 0.581 0.800 0.577 MEDIUM 

 0.566 0.294 0.626 HIGH 

Weighted Avg: 0.541 0.556 0.596  

 

According to ROC value of the classes, it can be said that there is a poor-mediocre prediction and the total 

accuracy is %56 which can be regarded as again poor-mediocre accuracy rating. The highest ROC value is in 

„High‟ class which means that the analysis of high class is more reliable than the others. According to decision 

table, there is a mediocre correlation between submitter priority „A‟ level and severity „High‟ level. Also, there is 

a poor correlation between „B‟ and „Medium‟, „C‟ and „Low‟. As a result, this can be explained with that the 

cases having higher priorities mostly have higher severities. 

5.6.2 Phase – Status 

 

 

Figure 5.6-2 – Machine Learning Decision Tree / Phase - Status 

As it can be seen in the decision tree above, there is a total great correlation between status and phase variables. 

One of the significant results is that all the cases that resulted with „Finished‟ were linked with „Archive‟. 
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Besides, all the cases having „Technical Answer Provided‟ value; also have „Accept‟ value. It can be said same 

things for other relationships, too. 

Table 5.6-2 – Rates of Phase -Status 

Accuracy Precision Recall ROC Area Class 

%100 1 1 1 Accept 

 1 1 1 Archive 

 1 1 1 Design 

 1 1 1 Node Level 

 1 1 1 Private 

Weighted Avg: 1 1 1  

 

The table above confirms that there is a great correlation between attributes. All the precision, recall and ROC 

Area values are 1, highest value that can be taken. According to these outcomes, ‘Status’ and ‘Phase’ variables 

are affected from same variables; thus their values are always same. 

5.6.3 Status – Experienced Impact on ISP 

 

 

Figure 5.6-3 - Machine Learning Decision Tree / Status – Experienced Impact on ISP 

 

In the decision tree 5.6-3, 396 out of 455 cases having „Not ISP Fault (Not affecting in Service 

Performance)‟value have also „Finished‟ value (%87). As the ratio of correctly classified ratings to total cases is 

quite high, it can be said that there is a relationship between these two attributes. 

Table 5.6-3 – Rates of Status – Experienced Impact on ISP 

Accuracy Precision Recall ROC Area Class 

%86 0 0 0.982 Cancelled 

 0 0 0.545 Correction Verified 

 0.886 1 0.704 Finished 

 0 0 ? Postponed 

 0.545 1 0.985 Private (Rejected) 

 0 0 0.527 Proposal Approved 

 0 0 0.502 Technical Answer 

Provided 

Weighted Avg: 0.753 0.864 0.702  

 

According to results of Status – Experienced Impact on ISP table, the prediction of decision table is quite 

accurate with %86. Also, ROC Area values are highly great for some attributes such as „Cancelled‟, ‟Private 

(Rejected)‟. It shows that there is an excellent prediction for these attributes. On the other hand, for the attribute 

„Finished‟ value, it can be said that good prediction was made by considering its precision and recall values as 

they are pretty significant. This is because, „Finished‟ attribute has more cases than the other variables; thus it 

allows prediction more accurately.   
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5.6.4 SHODET – DIDDET 

 

Figure 5.6-4 - Machine Learning Decision Tree / SHODET – DIDDET 

In this decision tree, most of the cases were incorrectly classified such as „Customer‟ and „FOA‟ variable. There 

are total 417 cases having „Customer‟ values and 293(%71) of them were incorrectly classified while 124(%29) 

of them were classified as „Basic Component Test‟ correctly. Moreover, cases having „FOA‟ value in DIDDET 

variable are incorrectly classified again. 40 of 58 cases were incorrectly classified as „Node Function Test‟ for 

SHODET.  

Table 5.6-4 – Rates of SHODET - DIDDET 

Accuracy Precision Recall ROC Area Class 

%30 0.295 0.92 0.487 Basic Test/ Component Test 

 0 0 0.514 Customer 

 0 0 0.339 Further Analysis Needed 

 0 0 0.49 Network Integration Verification 

 0 0 0.494 No Fault 

 0.3 0.205 0.503 Node Function Test 

 0 0 0.521 Node System Test 

 0 0 0.368 Platform Function Test 

 0 0 0.428 Platform System Test 

 0 0 0.115 PLM 

 0 0 0.434 Review 

 0 0 0.454 Shodet Name Missing 

 0 0 0.234 Sub Network Test 

Weighted Avg: 0.135 0.292 0.478  

 

Total accuracy of the decision tree is just %30 that means the variables are wrongly associated with each other. 

When it is looked at the other values, it can be claimed that the reliability is not enough for finding actual results. 

Most of the Precision and Recall values have 0 which is the lowest degree; also most of the ROC Area values are 

smaller than 0.5 that it doesn‟t seem possible to make correct predictions based on outcomes of the decision tree 

5.6.5 Slippage – Status 

 

 

Figure 5.6-5 - Machine Learning Decision Tree / Slippage – Status 
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In the table 5.6-5, the decision tree between the attributes of slippage and status variables can be seen. According 

to this decision tree, the cases having ‟Finished‟ values, mostly incorrectly classified as „‟Basic Test/Component 

Test -> Customer‟; just %31 of cases are correctly placed. Apart from this, there is a strong association between 

„Private (Rejected)‟ and „Shodet Name Missing -> Customer‟. For this condition, all cases are correctly 

classified. 

Table 5.6-5 – Rates of Slippage - Status 

Accuracy Precision Recall ROC Area Class 

%34 0.317 0.978 0.56 Basic Test/Component Test -> Customer 

 0 0 0.49 Basic Test/Component Test -> FOA 

 0 0 0.476 Customer -> Customer 

 0 0 0.488 No Fault -> Customer 

 0 0 0.399 No Fault -> FOA 

 0 0 0.497 Node Function Test -> Customer 

 0 0 0.433 Node Function Test -> FOA 

 0 0 0.508 Node System Test -> Customer 

 0 0 ? Platform Function Test -> Customer 

 0 0 0.558 Platform System Test -> Customer 

 0 0 0.399 Review -> Customer 

 1 1 1 Shodet Name Missing -> Customer 

Weighted Avg: 0.137 0.34 0.519  

 

In the table above, the slippage and status variables are put to decision tree learning analysis. According the 

results, there is no sufficient data to make predictions that means that predictions cannot be realistic. ROC Areas 

for attributes are smaller than 0.5; thus it can be considered as predictions are not reliable enough to use. Just 

„Shodet Name Missing -> Customer‟ attribute shows accurate results as the values of precision, recall and ROC 

Area values are great. 

5.6.6 Slippage – Phase 

 

Figure 5.6-6 – Machine Learning Decision Tree / Slippage - Phase 

 

In the decision tree above, the associations between the slippage and phase variables are shown. It can be said 

that the results have some common points with the results of decision tree for slippage and status variables. 

Again, most of the cases having „Archive‟ or „Accept‟ attributes are wrongly addressed to the „Basic 

Test/Component -> Customer‟. 

Table 5.6-6 – Rates of Slippage - Phase 

Accuracy Precision Recall ROC Area Class 

%34 0.315 0.978 0.555 Basic Test/Component Test -> Customer 

 0 0 0.486 Basic Test/Component Test -> FOA 

 0 0 0.472 Customer -> Customer 

 0 0 0.484 No Fault -> Customer 

 0 0 0.396 No Fault -> FOA 

 0 0 0.485 Node Function Test -> Customer 

 0 0 0.428 Node Function Test -> FOA 

 0 0 0.498 Node System Test -> Customer 

 0 0 ? Platform Function Test -> Customer 
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 0 0 0.548 Platform System Test -> Customer 

 0 0 0.394 Review -> Customer 

 1 0.833 0.925 Shodet Name Missing -> Customer 

Weighted Avg: 0.137 0.333 0.51  

 

As it is mentioned before, phase and status variables are in a very strong relationship as they affect each other. 

So it is the evidence of that slippage-status and slippage-phase tables both give more or less same results. Still, it 

cannot be said that the results are sufficient for a good prediction and the accuracy of the table is not enough for 

finding correlations.  

5.6.7 Slippage – Experienced Impact on ISP 

 

 

Figure 5.6-7 – Machine Learning Decision Tree / Slippage - Experienced Impact on ISP 

 

In the decision tree 5.6.-7, most of the attributes of „ExperiencedImpactonISP‟ variable wrongly classified. 

Especially, „Not ISP Fault (Not affecting in Service Performance)‟ was linked with „Basic Test/Component -> 

Customer‟ attribute wrongly.  

Table 5.6-7 – Rates of Slippage – Experienced Impact on ISP 

Accuracy Precision Recall ROC Area Class 

%35 0.326 1 0.548 Basic Test/Component Test -> Customer 

 0 0 0.534 Basic Test/Component Test -> FOA 

 0 0 0.521 Customer -> Customer 

 0 0 0.54 No Fault -> Customer 

 0 0 0.535 No Fault -> FOA 

 0 0 0.488 Node Function Test -> Customer 

 0 0 0.535 Node Function Test -> FOA 

 0.5 0.1 0.515 Node System Test -> Customer 

 0 0 ? Platform Function Test -> Customer 

 0 0 0.534 Platform System Test -> Customer 

 0 0 0.537 Review -> Customer 

 1 1 1 Shodet Name Missing -> Customer 

Weighted Avg: 0.173 0.353 0.55  

 

The table 5.6-7 shows the precision, recall and ROC Area values for slippage - experienced impact on ISP 

decision tree. The accuracy of the decision tree is %35 which means that %35 of the cases was correctly 

classified while the rest of them are incorrectly classified. The ROC Area values are low for all attributes; also 

precision and recall values are mostly 0. For this reason, there can be no prediction made. 

5.6.8 Slippage – Answer Code 

In the Appendix C, the decision of Slippage-Answer Code variables can be seen. Both of the variables have 

several attributes so it can be considered as it is too complicated to find actual results. According to these results, 

the attributes are still wrongly addressed to „Basic Test/Component Test -> Customer‟. 
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Table 5.6-8 - Rates of Slippage - Answer Code 

Accuracy Precision Recall ROC Area Class 

%51 0.427 0.891 0.663 Basic Test/Component Test -> Customer 

 0 0 0.745 Basic Test/Component Test -> FOA 

 0 0 0.431 Customer -> Customer 

 0.677 0.808 0.902 No Fault -> Customer 

 0 0 0.942 No Fault -> FOA 

 0 0 0.644 Node Function Test -> Customer 

 0 0 0.676 Node Function Test -> FOA 

 0.5 0.2 0.712 Node System Test -> Customer 

 0 0 ? Platform Function Test -> Customer 

 0 0 0.571 Platform System Test -> Customer 

 0.538 0.467 0.665 Review -> Customer 

 1 1 1 Shodet Name Missing -> Customer 

Weighted Avg: 0.376 0.513 0.722  

 

For this table, it can be stated that the prediction is in a poor-mediocre level and the accuracy of the table is %51 

which is an average value. Some predictions can be made accurately for some attributes as they have high ROC 

Area values. These are: „Basic Test/Component Test -> FOA‟, „No Fault -> Customer‟, ‟No Fault -> FOA‟, 

„Shodet Name Missing -> Customer‟. However, most of them which have high ROC values do not have 

sufficient precision and recall values. So, this may cause risks for prediction as they are also significant for 

showing prediction accuracy. As a result of this, it can be said that just „No Fault -> Customer‟ and „Shodet 

Name Missing -> Customer‟ attributes can be used for correlation. 

5.7 Application of APRIORI 

While performing Apriori analysis, some adjustments were made in Weka Explorer in order to find accurate and 

significant results. Minimum support for this analysis was calibrated as 50 that mean the selected items must 

have at least 50 instances. Otherwise, the tool will pass over this rule and will show the next rule having the 

highest confidence value after it. Also, Weka allows setting the lower limit as 50 so it is a default value for this 

analysis. 

Minimum value for confidence value is 0.5 and maximum value is 1.0; representing that the rules having 

confidence value in the range of [0.5-1] will be printed.  Lowest accuracy limit is defined as 0.5 that the rules 

having confidence values under this limit will be considered as they lose their accurateness.  

If it is looked at the first row in the table 5.8-1, it can be seen „Severity‟ and „Submitter Priority‟ variables as 

attribute 1 and „Status‟ as attribute 2. This rule can be explained in a way that there are totally 110 cases having 

both high severity and „B‟ level submitter priority in training dataset and 97 of them have finished value. As a 

result of this, total confidence value is 0.88 (97/110=0.8818). This rule has the highest confidence value for these 

selected variables.  

5.7.1 V1: Severity – V4: Submitter Priority – V5: Status 

The association rules among these three variables can be seen in the table below. 

Table 5.7-1 - Apriori / Severity - Submitter Priority - Status 

Order Attribute 1 Attribute 2 Conf 

1 Severity=HIGH & Submitter Priority=B (110) Status=Finished (97) 0.88 

2 Submitter Priority=C (66) Status=Finished (56) 0.85 

3 Severity=HIGH (157) Status=Finished (132) 0.84 

4 Submitter Priority=B (363) Status=Finished (298) 0.82 

5 Severity=LOW (102) Status=Finished (82) 0.8 
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6 
Severity=MEDIUM & Status=FINISHED 

(188) 
Submitter Priority=B (150) 0.8 

7 Severity=MEDIUM (237) Submitter Priority=B (188) 0.79 

8 Severity=MEDIUM (237) Status=Finished (188) 0.79 

9 Severity=LOW & Submitter Priority=B (65) Status=Finished (51) 0.78 

10 Status=Finished (402) Submitter Priority=B (298)  0.74 

11 Severity=HIGH & Status=Finished (132) Submitter Priority=B (97) 0.73 

12 Severity=HIGH (157) Submitter Priority=B (110)  0.7 

13 Severity=LOW (102) Submitter Priority=B (65) 0.64 

14 Severity=MEDIUM (237) Submitter Priority=B & Status=Finished (150)  0.63 

15 Submitter Priority=B (363) Severity=MEDIUM (188) 0.52 

16 Submitter Priority=B & Status=Finished (298) Severity=MEDIUM (150) 0.5 

 

According to outcomes, severity attributes play an important role over the status. The cases having high severity 

have the potential to be finished more likely since they are at the top. However, submitter priority attributes 

show interesting results that they are ranked in a reverse order. The rules having Submitter priority „A‟ level 

should be the most likely at the top rows as „A‟ level shows that the case priority is in highest degree. But, the 

rule having „C‟ level priority is ranked at the second place; next the rules having „B‟ level priority is in fourth 

place.  

5.7.2 V9: Answer MHO– V11: Experienced Impact on ISP- V5: Status 

In this table, the associations among „Answer Code‟, „Experienced Impact on ISP‟, „Status‟ were shown in a 

detailed way. 

Table 5.7-2 - Apriori / Answer MHO - Experienced Impact on ISP - Status 

Order Attribute 1 Attribute 2 Conf 

1 Status=Finished & AnswerMHO=EAB-CCN  (91) a* (91) 1 

2 AnswerMHO=EAB-SDP (167) a* (165) 0.99 

3 Status=Finished & AnswerMHO=EAB-SDP (154) a* (152) 0.99 

4 Status=Finished (402) a* (396) 0.99 

5 AnswerMHO=EAB-CCN (111) a* (109) 0.98 

6 AnswerMHO=EAB-LUVA (64) Status=Finished (61) 0.95 

7 AnswerMHO=EAB-LUVA (64) a* (61) 0.95 

8 AnswerMHO=EAB-LUVA & a* (61) Status=Finished (58) 0.95 

9 
Status=Finished & AnswerMHO=EAB-LUVA 

(61) 
a* (58) 0.95 

10 AnswerMHO=EAB-SDP (167) Status=Finished (154) 0.92 
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11 AnswerMHO=EAB-SDP & a* (165) Status=Finished (152) 0.92 

12 AnswerMHO=EAB-SDP (167) Status=Finished & a* (152) 0.91 

13 AnswerMHO=EAB-LUVA (64) Status=Finished & a* (58) 0.91 

14 a* (455)  Status=Finished (396) 0.87 

15 AnswerMHO=EAB-CCN & a* (109) Status=Finished (91) 0.83 

16 AnswerMHO=EAB-CCN (111) Status=Finished (91) 0.82 

17 AnswerMHO=EAB-CCN (111) Status=Finished & a* (91) 0.82 

a. ExperiencedImpactonISP=Not ISP Fault (Not affecting In Service Performance) 

According to these results, „Not ISP Fault (Not affecting In Service Performance)‟ has strong effects over other 

attributes; however this analysis may not be considered as accurate. As there are 455 cases having this value out 

of 496 cases, it is quite obvious that some correlations are going to be found. For this reason, „Not ISP Fault (Not 

affecting In Service Performance)‟ value doesn‟t show the real strength of the association. On the other hand, 

some answer MHOs such as EAB-LUVA and EAB-SDP are in a close relationship with „Finished‟ variable. 

According to these outcomes, it can be said that the troubles which are related with these sub-systems 

(AnswerMHO) are solved and their current situation became „Finished‟ because of this.    

5.7.3 V1: Severity – V4: Submitter Priority – V21: Slippage 

In the table 5.8-3, the apriori analysis of „Severity‟, „Submitter Priority‟ and „Slippage‟ can be seen. 

Table 5.7-3 - Apriori / Severity - Submitter Priority - Slippage 

Order Attribute 1 Attribute 2 Conf 

1 Slippage=Node Function Test-> Customer (64) Submitter Priority=B (52) 0.81 

2 Slippage=No Fault -> Customer (74) Submitter Priority=B (52) 0.7 

3 
Slippage=Basic Test/Component Test -> Customer 

(124) 
Submitter Priority=B (86) 0.69 

 

With respect to these results, submitter priority „B‟ level was used at most since most of the cases have this 

attribute. So, there is no evidence whether Submitter Priority „B‟ is significant or not.  

5.7.4 V9: Answer Code – V11: Experienced Impact on ISP – V21: Slippage 

Answer Code, Experienced Impact on ISP and Slippage variables were analyzed in order to find some 

correlation among each other. 

Table 5.7-4 – Apriori / Answer Code - Experienced Impact on ISP - Slippage 

Order Attribute 1 Attribute 2 Conf 

1 
Slippage=Basic Test/Component Test -> Customer 

(124) 
a* (124) 1.0 

2 
AnswerMHO=EAB-SDP & Slippage=Basic 

Test/Component Test -> Customer (87) 
a* (87) 1.0 

3 Slippage=No Fault -> Customer (74) a* (74) 1.0 

4 AnswerMHO=EAB-SDP (167) a* (165) 0.99 

5 AnswerMHO=EAB-CCN (111) a* (109) 0.98 
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6 Slippage=Node Function Test -> Customer (64) a*  (62) 0.97 

7 AnswerMHO=EAB-LUVA (64) a*  (61) 0.95 

8 
Slippage=Basic Test/Component Test -> Customer 

(124) 
AnswerMHO=EAB-SDP (87) 0.7 

9 
A* & Slippage=Basic Test/Component Test -> 

Customer (124) 
AnswerMHO=EAB-SDP (87) 0.7 

10 
Slippage=Basic Test/Component Test -> Customer 

(124) 
AnswerMHO=EAB-SDP & a* (87) 0.7 

11 AnswerMHO=EAB-SDP & a* (165) 
Slippage=Basic Test/Component Test -> 

Customer (87) 
0.53 

12 AnswerMHO=EAB-SDP (167) 
Slippage=Basic Test/Component Test -> 

Customer (87) 
0.52 

13 AnswerMHO=EAB-SDP (167) 
a* & Slippage =Basic Test/Component 

Test -> Customer (87) 
0.52 

a* = ExperiencedImpactonISP=Not ISP Fault (Not affecting In Service Performance) 

As it was done before, „Not ISP Fault (Not affecting In Service Performance)‟ value was skipped; but there are 

some significant results here that the slippage from basic test/component test to customer was caused for EAB-

SDP subsystems mostly (%70). So, there will be a standard problem in this sub-system causing troubles most of 

time. 

5.7.5 V5: Status – V21: Slippage 

In this table, the associations between two target functions, Status and Slippage, can be seen. 

Table 5.7-5 - Apriori / Status - Slippage 

Order Attribute 1 Attribute 2 Conf 

1 
Slippage=Basic Test/Component Test -> 

Customer(124) 
Status=Finished (113) 0.91 

2 Slippage=Node Function Test -> Customer (64) Status=Finished (57) 0.89 

3 Slippage=No Fault -> Customer (74) Status=Finished (65) 0.88 

 

All these rules have the common point that troubles were reported by customers. From this perspective, it can be 

said that, the chance of solving trouble which should have been detected in basic test/component test is higher 

than the others. If the trouble was needed to found in node function test, the possibility of solving is %89 

according to these results. Moreover, if the slippage is from „no fault‟ value from „customer‟, then the possibility 

is %88.  

5.7.6 V1: Severity – V4: Submitter Priority – V5: Status – V21: Slippage 

In the following, two decision and two target variables are analyzed to find some association among them. For 

this table, only newly found rules were added.  

Table 5.7-6 – Submitter Priority – Status - Slippage 

Order Attribute 1 Attribute 2 Conf 

1 
Submitter Priority=B & Slippage=Basic 

Test/Component Test -> Customer (86) 

Status=Finished (80) 
0.93 

2 
Severity=Medium & Slippage= Basic 

Test/Component Test -> Customer (60) 

Status=Finished (51) 
0.85 

 

Based on these results, it can be stated that due to strong relationship (as it can be seen in previous tables) 

between Submitter Priority „B‟ and Slippage „Basic Test/Component Test -> Customer‟, the probability of the 
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„Finished‟ value remains same. Moreover, there is also strong association between the attributes, Severity 

„Medium‟ and „Slippage=Basic Test/Component Test -> Customer‟ and this also affects the status of problem. 

5.8 Reflection on application of approaches 

Throughout the quantitative analysis part, several data analysis methods were used to find out some correlations 

and associations among the variables. In this way, all the variables, which were defined for training dataset, were 

covered and verification of analysis methods were made in order to provide reliability. However, some of the 

analysis methods gave accurate and usable results while some of them did not give sufficient information or their 

reliability was not in desired level. In the following there is the list of analysis methods that their usability and 

accuracy was discussed. 

Table 5.8-1 – Analysis Methods 

Analysis Method Usage Area Did it work? 

Chi-Square 

Association 

Between both dependent 

and independent 

categorical variables 

This analysis method worked accurately for categorical 

variables. As most of the variables are categorical 

(nominal or ordinal), the analysis was applied for 

categorical variables. The continuous ratio variables were 

removed for this analysis. 

Pearson‟s Product 

Moment Correlation 

Between categorical and 

dependent  continuous 

variables 

The outcomes of the analysis can be regarded as 

successful. However, there is a risk that dummy coding 

was used for this analysis to convert the categorical 

variables into numerical form. This may affect the 

reliability of the analysis as ordinal values lose their ranks 

and turns to nominal value.   

Spearman‟s Rank 

Correlation 

Between ordinal 

categorical variables and 

dependent continuous 

variables  

Spearman‟s correlation is regarded as one of the most 

suitable methods for ordinal categorical variables and it is 

also applicable to ratio values. The outcomes of this 

analysis are realistic and rational. Also, interpretation of 

the analysis is quite understandable. 

Multiple Linear 

Regression 

Between multiple 

categorical variables and 

dependent continuous 

variables 

This analysis method did not show any good results 

because of the data suitability. To provide data suitability, 

dummy coding was used, still the outcomes are shallow 

and they may not be considered as reliable.  

Machine Learning 

Decision Tree 

Between categorical 

variables having limited 

values 

Decision trees were used to find out associations between 

categorical variables and the results of this analysis 

method were quite satisfactory as they are unambiguous 

and understandable than previous methods.  

Apriori 

Between categorical 

variables having limited 

values 

The lastly used analysis method, Apriori, was performed 

to find associations between multiple categorical 

variables. The results of Apriori were very useful and 

reliable as it has simple algorithm. 

 

It is really difficult to compare the outcomes of data analysis methods since they work differently and the chosen 

variables for them were different. Variables were selected based on data suitability of data analysis methods for 

reliable outcomes. For this reason, each analysis methods had its own sets of variables which are different from 

others. Only two outcomes were found which have common points with each other. The outcomes of both Chi-

Square association and Spearman‟s correlation related with submitter priority and severity variables are almost 

same as both of them show significant correlation with weak strength. 

5.8.1 Significant Results 

In the following, significant results found in quantitative analysis can be seen in a detailed way. 

 The cases, having high priorities, are mostly delivered to customer on time with full completeness. 

 The cases, having high severities, do not have significant effects over the lead time and final status of 

TR. 

 TIER numbers of the cases don not have any effects over the target factors. 
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 Most of the faults are reported as they are not affecting in service performance so it can be considered 

as good news for company. 

 Fault slippages are mostly seen in the cases which have medium priority. 

 Fault slippages from basic/component test to customer are the most common types. This can be 

regarded as critical for company since TRs coming from the customers are the riskiest ones.  

 It is rational that the lead times affect the total lead time and there are also some significant correlations 

among lead times.  

 It can be said that fault slippage is in correlation with lead time which means that fault slippage causes 

longer lead times.  

 Most of the fault slippages end in customer which can be considered as the worst case scenario. 

However, there are also some cases that SHODET and DIDDET variables are same which means there 

is no slippage. 

 For the training dataset which was used during quantitative analysis, the most suitable methods can be 

counted as Chi-Square Association, Spearman‟s Rank Correlation, Machine Learning Decision Tree 

and Apriori analysis methods. On the other hand, it was experienced that Pearson‟s correlation and 

Multiple Linear Regression are risky using for this dataset.   

 Almost all analysis methods give different outcomes so it doesn‟t seem possible to compare them. 

5.8.2 Selection of Analysis Methods 

For this training dataset Chi-Square Association, Spearman‟s Rank Correlation, Machine Learning Decision 

Tree and Apriori analysis methods will be more proper methods since most of the variables are categorical 

variables. In addition to this best results are going to be collected from Chi-Square, decision trees and Apriori 

methods as they are more related to associating variables. The other methods such as Multiple Linear Regression 

and Pearson‟s correlation contain some risks that they are more suitable to interval or ratio scales; also Pearson‟s 

does not consider the variables as they are dependent or not. So, this limits the accuracy of analysis. Although, 

Spearman‟s Rank Coefficient can be considered as suitable analysis method, it can be applicable only one type 

of data, ordinal variables. However, most of the categorical variables in dataset are nominal that this detail will 

stir up trouble.  
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6 STATE OF ART 

In this section, literature review was practiced to provide a contribution for the discussion about outcome of fault 

fixing, reasons of long lead time for fault fixing and other factors having influence on efficiency of fault fixing.  

The main goal of literature review is to identify which factors have an influence on defect correction outcomes 

such as time to fix faults and efficiency of fault fixing in software organizations. In next chapters, the phases of 

literature review is identified and discussed in a detail way.  

6.1 Review Method 

6.1.1 Search term construction process 

Step 1 – The key search terms were determined from the main goal of literature review should answer by 

observing the context, upshot and association. 

Step 2 – Generate similar search terms by using synonyms of selected terms and collect idea from other papers 

in the same research area. 

Step 3 – To generate search strings, Boolean operations - „AND‟ and „OR‟ – were performed in different 

databases.   

Step 4 – While „AND‟ operation was used to link the results of different keywords, „OR‟ operation was used to 

get wider and more variant results among similar search terms.  

6.1.2 Search terms 

As a first step of literature review, keywords and search strings were identified based on the goal of literature 

review. More and detailed keywords were determined after initial search of papers in primary research areas 

such as „Software Fault, „Software Fault Correction‟, „Software Fault Correction Outcomes‟ and „Influencing 

Factors‟. 

Table 6.1-1 – Search Keywords and Search Strings 

1.Software Fault 9.Efficiency  

2.Software Fault Correction 10.Time to fix faults 

3.Software Fault Correction Outcomes 11.Time to correct faults 

4.Influencing Factors 12. 1 OR 2 OR 3 OR 5  

5.Fault Fixing 13. {4,7,8} AND {1,2,3,5} 

6.Root-Cause Analysis 14. 6 AND {1,2,3,5} 

7.Lead Time 15. {9,10,11} AND {1,2,3,5} 

8.Fault Slippage 16. {4,7,8} AND {3,10,11} 

6.1.3 Search Database 

After deciding keywords and search strings, next step is implementing them into different search databases. In 

this research, IEEE Xplore, ACM Digital Library, Google Scholar, Springer Link, Engineering Village 

(Compendex, Inspec.) and Science Direct were selected as search databases. During the search of related articles, 

some exclusion, inclusion and quality criteria were used to eliminate collected papers. In next sections, these 

criteria are also identified. 

6.1.4 Included and Excluded Studies 

This reviews aims to investigate inclusion, exclusion and quality criteria. In the following the set of criteria can 

be seen in a detailed way [83]. 

Inclusion Criteria  

 The full text of the article should be available.  

 The article can be published as journals, conference papers, workshops and eBooks.  

 The article can be case study, empirical study, experimental study, comparative study, literature review, 

systematic review, and survey or action research.  

 The article will include at least one of the key words or search terms.  

 The article will be chosen if it includes general knowledge about influential factors on fault correction 

outcomes, efficiency of defect fixing or root-cause analysis on fault correction. 
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 The article will be chosen if it includes software fault, software fault correction, and software fault 

fixing or software fault correction outcomes. 

 The papers that were selected were those that are peer reviewed and are only in English. 

Exclusion Criteria 

 The articles which don‟t meet the terms and conditions of inclusion criteria will be omitted.  

 The articles which are only related with software fault correction, software fault correction outcomes or 

influential factors of software fault correction outcomes will be omitted.  

 The articles which are only related with the industrial approaches will be omitted.  

 The articles which are not defined as reliable (such as web pages) will be omitted.  

Quality Criteria 

 Is a suitable and unambiguous abstract and introduction of creativity technique provided?  

 Are background and future work of the study discussed?  

 Are references maintained accurately?  

 Are the research methodology and approach defined explicitly and suitable for the problem analysis?  

 Are research questions defined correctly and are they covering the study totally?  

 Are problems of the specific study explained and is problem domain composed?  

6.2 Results and Findings 

During the literature review, data reviewed from articles in order to address the aim of fourth research question. 

In figure, it is indicated which review process was implemented to get efficient result from literature review. To 

decide whether the paper is relevant, primary search results were evaluated and excluded by only considering the 

aim of research question four. Finding relevant papers, related with the influential factors of software fault 

correction outcomes (target factors such as fault correction lead time, fault slippage and final status), is desired 

process to address the aim of research question four.  In the next step, primary search results excluded by 

checking titles, keywords and abstracts. More through processing were done by the way of skimming of the main 

part of papers, focusing on relevant ideas and conclusion. As the last step, selected results in previous step were 

excluded by implementing inclusion, exclusion and quality criteria; and for managing citation generation of 

selected papers, Zotero Citation and Bibliography Processing tool was used. 

 

 

Figure 6.2-1 – Literature Review Process 
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In the following table, the number of relevant papers after each exclusion step were identified and shown. During 

the literature review, search strings 12, 13, 14, 15, 16 were implementing into the search databases in order to get 

more focusing and purposive results. Additionally, in APPENDIX, number of results in primary step and 

implemented search strings were viewed in a detailed way.   

Table 6.2-1 - Search Results 

Search Database First  

Result 

Secondary 

Result 

Third 

Result 

Selected 

Papers 

IEEE Xplore 16614 2365 126 6 

ACM Digital Library 1058 127 25 2 

Google Scholar 43096 11854 328 10 

Springer Link 24253 6438 83 2 

Engineering Village (Compendex, Inspec.)  11967 2026 14 1 

Science Direct 2622 118 16 2 

6.2.1 Factors Influencing Efficiency and Time of Fault Correction 

 

As a result of literature review, twenty papers, related with the factors influencing efficiency and time of fault 

correction, were collected from different search databases. In this chapter, findings about influencing factors of 

software fault correction from different sources are discussed. Then, literature review provides a chance to 

compare our findings and findings in selected papers in discussion part of thesis. 

According to related articles, there are some major factors which affect outcome and lead time of fault fixing. 

Hewett et al. stated that the severity of defect and the skill level of repairers mostly affect the effort needed to fix 

faults [84]. In the basis of Hewett‟s study, after they had comparison about factor influence on software defect 

repair time by using different methods, There are a number of factors that influence the time required to fix 

software defects: number of lines of code; number of modules changed or added; complexity of software 

components, logical controls, or interactions; skill levels of programmers and testers, etc [84].  

In the basis of experimental results of Morisaki, defects with high severity and high priority requires more time 

and effort for fixing while early introduced defects in coding or unit testing phases need less effort to fix [85]. 

Based on these researches, 6 key influencing factors which affect fault fixing can be listed as: including the 

severity, priority, type, introduced phase, detected phase of the defect, and project characters such as size and 

type of the project [86]. Other factors, such as the module the defect exists in, number of SLOC changed or 

added also have an influence on fault fixing effort [86].  

Mizuno et al. represented a multiple regression model of estimating test efforts in his study. Based on this model, 

the testing effort can be obtained from the design and review efforts, and are also influenced by historical data 

factors [86] Some other factors should also be considered as influencing factors for fault fixing effort, such as the 

differences in project size, personnel capability and project type may affect [87][88]. 

According to empirical study based on industrial data, there are three major factors which affect defect 

correction: engineers‟ experience, defect severity and quality of modules. In the testing process, the personal 

capability and experience of the engineers are important factors both for defects detected and also for defect 

removal.  The experience of a person can reflect his/her proficiency for efficiency and reducing needed time to 

correct defects. Defect severity is also one of the important factors for defect correction. In general, a defect with 

more severity has a more probability to be removed. The quality of modules is related with the complexity. In 

organization, the skilled engineer generally assigned to complex modules because the more complex defect 

means the more difficult to be fixed. Therefore, the quality of modules is an influencing factor for defect 

correction efficiency [89] [90]. Basili and Pericone also looked at a number of factors influencing the fault and 

failure tendency of modules. One of their most remarkable results was that larger modules tended to have a 

lower fault density than smaller ones. Fault density is the number of faults discovered (during some predefined 

phase of testing or operation) divided by a measure of module size (generally thousands of Lines on Code) [91]. 

Therefore, module size is one of the influencing factors for the effectiveness and the effort of defect correction. 

Experience of engineers is constantly stated as an influencing factor for software defect correction by several 

studies. Additionally, division of responsibilities among employees also improves effectiveness of defect fixing 

and reduces the effort of defect fixing. Effectiveness of defect correction can occur when team size is 

proportional to the size and complexity of the project and it can be further accelerated with division of 

responsibilities. An insight of parameters influencing effectiveness of inspection is a necessity to gain complete 
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benefit of inspection technique. Appropriate inspection time, number of inspectors, experience level of 

inspectors and preparation time for inspectors plays significant role in enhancing effectiveness of inspection 

[92].   

Taking these points into consideration, skill level of people, size and complexity of projects are major factors 

that have influence on the efficiency and time of software defect fixing. On the other hand, there are some other 

factors which we identified from selected papers. Following table indicates other factors in addition to above-

mentioned factors.   

 
Table 6.2-2 – Factors Influencing Undesired Project Outcomes 

Factors Influencing Efficiency and Time of Fault Correction 

Increase in the number of customers [93] 

Diversification of customer base resulting in usage of product [93] 

Increase in the number of supported features (Adding  new features for major customers) [93] 

The severity of defect and repairer affect the effort needed to correct a fault much [84] 

Faults with high severity and high priority need more fixing efforts [85] 

List of 6 key influencing factors for fault-fixing effort, including the severity, priority, type, introduced phase, 

detected phase of the defect, and project characters such as size and type of the project.[86] 

The fault correction effort can be obtained from the design and review efforts, and are also influenced by 

historical data factors [87]  

Some other factors should also be considered. For example, the differences in project size, personnel capability 

and project type may affect [88] 

The personnel capability and experience of the people involved is important factor not only for faults detected 

but also for the fault removal. The experience of a person can reflect his proficiency in faults detected or faults 

removal; it can be reflected the capability of the person to a certain extent [89] 

The severity is one of important attributes for faults. It can reflect the degree of the risk or damage for software. 

In general, a fault has the more severe will have a greater probability to be removed [89]  

High severity/priority defects detected in system testing required remarkably greater correction effort [89]   

If defects are related to data output or validation of input data functions and detected in coding or unit testing, 

they are easily corrected [94] 

Nevertheless, even defects were detected in coding/unit testing, they sometimes required much more effort in 

the case of low reproducibility [94] 

Defects introduced in coding/unit testing required smaller correction effort than average; however, they often 

required large correction effort when they were related to data handing [94] 

Effectiveness of fault correction can occur only when team size is proportional to the size and complexity of the 

project. Effectiveness of fault correction can be further accelerated with division of responsibilities. Selection of 

team size also depends upon company‟s budgetary strategies [92] 

The fault weight, (number of failures due to a fault), of the higher severity faults tends to be higher than that for 

the lower severity faults [95] 

A similar trend is noted for the failure window, (length of time between the first and last occurrence of failures 

for a particular fault). The windows are larger for the higher severity faults. These trends are systematic 

between all severities and releases [95] 

Factors that influence repair time are driven by the number of defects to be corrected, defect severity and other 

characteristics (e.g., fixers, testing phase) [84] 

Larger modules tended to have a lower fault density than smaller ones. Fault density is the number of faults 

discovered (during some predefined phase of testing or operation) divided by a measure of module size 

(normally thousands of Lines on Code) [96] 

Finding and fixing a software problem after delivery needs more effort than finding and fixing it during the 

requirements and design phase. [91] 

It is hard to determine the location of the defect: This occurred due to inconsistencies between symptoms and 

the location of the defect. Activities performed to analyze the defect ranged from reading through logs, 
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developing test cases and trying to reproduce the defect [97] [98] [99] 

Long clarification and discussion of the defect: This occurred when the defect Activities which were 

contributors into facilitating extensive effort were to analyze competitors‟ software for how similar 

functionality was implemented. Other activities included discussion of requirements specifications, 

checking whether the defect is a duplication, and technical discussion of implementation details [97] 

The original fix introduces new defects or multiple fixes: The defect had ripple effects beyond the first 

correction of the defect. This several cases, multiple corrections of the same defect were required before the 

defect was corrected. Other corrections of defects introduced new defects which were filed as separate defect 

reports in the defect tracking system [97] 

The implemented functionality was new or needed a rewrite: The existing functionality did not satisfy the 

demands other modules required. These defects had often missing or incorrectly implemented functions from 

the early stages of development. The extensive effort to correct was due to the effort required to re-implement 

or implement these missing or omitted functions [97] 

The larger the size of the system, the more difficult for developers to have a complete picture of the system and 

to be able to locate and eliminate the defects quickly. Therefore, a lot of effort may be spent on discussing 

where a defect stems from  [98] [99] [100] [101] 

As system size, high system complexity also makes it difficult to understand the system, and to locate and 

correct the defects. In addition, fixing defects in a complex system may easily introduce new defects [102] 

[103] [104] 

Maintainers‟ familiarity with the system can reduce the time spent on discussing and locating the defects. 

Sufficient domain knowledge can assist developers understand the defects quickly and thus improve the defect 

fixing efficiency [98] [105] 
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7 RESULTS OF QUALITATIVE ANALYSIS 

In this chapter, the conducted interviews were interpreted to texts and influencing factors were determined 

explicitly. This chapter includes four sub-headings which represents three target factors and reflection of 

qualitative analysis. It should be noted that the factors, which point out same issues with the previous ones, were 

skipped in order to avoid iteration.  

7.1 Fault Slippage 

7.1.1 Senior Test Specialist 

Need more rapid process: The process of TR correction should be more rapid as the current process causes 

delays to start the correction of new TRs so this affects the fault slippage.  

Customer aspects are not considered: Feedbacks and comments from the customers are not paid attention as 

much as it should. The products are developed from the requirement perspective. Business opportunities are 

broken down to business use cases, sub-use cases and user stories which are low-levels. Then these requirements 

are implemented and verified; in this way the product becomes ready to deliver. However, the opportunity of 

customer feedback has been missed such as: the history of product in fields, how the customers use this product, 

how they want to use this product. These concepts aren‟t included in R&D. As a result of this, faults stay hidden.  

 

Figure 7.1-1 – Fault Slippage / Senior Test Specialist  

 

7.1.2 Post GA Manager 

Missing of Test Strategies: According to Post GA Manager, missing of test strategies is one of the biggest 

reasons of fault slippage. As the part of his role, the investigation about testing process was done that lots of 

faults and shortcomings were found. Based on results, he suggests other stakeholders to update test strategies as 

the test strategies are missing or the wrong ones were chosen. Missing of test strategies can cause serious 

problems as the fault can stay hidden in the product and this will cause problems in distant future.    

Some Parts are not verified according to decisions: One of the reasons for fault slippage is that some parts are 

not verified according to decisions that can be performance, business configurations and complexity.  

Complex Scenarios for testing: Complex scenarios for testing cause fault slippage as there are lots of test plans 

and test strategies and if they are not applied in an organized way, the faults cannot be found in the right testing 

method.  

Lots of different environments with different systems: There are lots of different systems from different 

environments. Sometimes, the interfaces and protocols are not compatible with Ericsson products and the test 

plans are not suitable enough as they need to be updated based on product needs. This makes harder to find the 

fault and as a result of this fault slippage occurs. Especially, protocol errors are challenging as they are not 

efficiently reproducible most of times.  

Poor requirements: According to GA Manager, fault can be seen as breaking the requirement and TR is always 

answered as the reply of requirement. So, if the requirement is not defined well enough, TR will be answered not 
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within requirement which may not satisfy the customer needs. As a result of this, customer will not be happy and 

complaints will come to upper management.   

 

Figure 7.1-2 – Fault Slippage / Post GA Manager 

 

7.1.3 System Designer 

Lack of automatic tests: The company has test cases running automatically but only for Java code and some 

C++ code. According to system designer, there should be more automatic tests cases and in this way the faults 

can be found in an easier and faster way.  

Speed instead of inspection (agile method): The company focus on either speed or quality depending on the 

needs year-by-year and nowadays the company adopted agile methods more with not so much inspections.   

Problems are not analyzed deeply: Reported problems are not analyzed deeply and generated solutions for 

them are just saving the day instead long-reaching.  

Specific actions are not taken to prevent in the future: During the process of TR correction, there is a lack of 

taking preventive actions. So, same problems may still be found in the future as there is no planning of further 

solutions to avoid this.  

 

 

Figure 7.1-3 – Fault Slippage / System Designer 
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7.2 Fault Correction Lead Time 

7.2.1 Product Manager 

Mistakes in development: Mistakes, which were done during development phase, reflect to the testing process 

Finding and reproducing the mistakes one-by-one cause delays in testing phase.  

Poor design: Since design of the system plays critical role for the quality of product, the faults related with 

product design take more time to fix and publish the new version of system. 

Prioritization of faults should be done effectively: During the prioritization of faults, the maintenance unit 

should consider resource allocation and business challenges in order to provide effective distribution. Otherwise, 

poor assignment will cause longer lead times. 

Missing requirements were recognized late: Most of time, shortcomings related with requirements were 

recognized late and they were reported as TRs. Since it was related with coding, it needs extra time to correct the 

faults. As a result of this, these types of faults take more time when they are compared with other type of faults.  

Fourth and back communication time: Waiting time for customer response and lack of direct contact with 

customer including limited number of resources, necessity to be on-site and effort for travel cause longer lead 

times. Apart from this, internal customer unit wants to be channel to customer so direct contact between 

customer site and developers are avoided.  

Specifying too many requirements: While correcting the TRs, specification of too many missed requirements 

may need extra time.    

Re-testing takes time: Correction of TRs based on re-testing has longer lead times as test coverage ought to 

cover all requirements. 

Size of definition PCs: The TRs of large PCs with large features take more time to correct as they are more 

complicated and large scaled.  

Time for requirement review is requested: Sometimes for correcting TRs, developers needed to revise the 

requirements so they demand for extra time. So, this effects the lead time.  

 

 

Figure 7.2-1 – Fault Correction Lead Time / Product Manager 
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7.2.2 Senior Test Specialist 

Complex Systems: Even though the corrections of small faults in the code like changing one or two lines, they 

may affect the whole component in complex systems. There is a high possibility that changing of code in one 

node will cause a change in another node.  

Priority of Job: The priority of job basically affects the lead time that how many cycles are allowed to spend in 

specific requirement. If it is high priority, then there will be more resources allocated to this fault and it will be 

aimed to solve it faster.   

The aim of keep commitment: Commitment to a certain release scope should be kept; it is related with the 

business perspective. For this reason, the fault should be corrected before the deadline. So, the TRs are also 

prioritized from this perspective.  

 

 

Figure 7.2-2 – Fault Correction Lead Time / Senior Test Specialist 

 

7.2.3 Post GA Manager 

Answer of sourced products: Answer of sourced products takes more time. When the product maintenance 

branch gets the answer of it, they have to take the new version of sourced product that this may be Oracle 

database or a big part of the operating system, etc... After that, release tests of this sourced product should be 

performed in order to control memory leakage and performance and this means that this patched product should 

be put in a long test cycle. So, this causes long fault correction lead time.   

Complex Scenario: It is hard the reproduce faults coming from customer (external TRs), even it may not be 

reproducible in the company. So trace files are sent to the customer for reproducing the fault in customer site. 

The aim is here to find the fault and correct it as soon as possible.  

Resource bottlenecks: Resource bottlenecks have negative effects in handling TR process. As there is just one 

performance test plant and database expert, this may cause overloading in special activities. Vacation and 

sickness are also important factors which create resource bottlenecks. 

Waiting for customer response: For the reproduction of fault, customer was waited to answer which means 

data logs will be needed in order to find the fault but sometimes customer response this request lately and this 

loses too much time.   
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Figure 7.2-3 - Fault Correction Lead Time - Post GA Manager 

 

7.2.4 System Designer 

Lack of people: There are not enough human resources to handle TRs in a continuous and effective manner. 

While some developers are handling with TR, others are needed to develop new products. So, all the human 

resources cannot be used for TR correction.   

Many TRs at the same time: When many TRs came at the same time, this affects the lead time of fault 

correction as there is not enough resources. As TRs are not assigned to the developer immediately, this causes 

delays over the beginning of new TRs.   

Some faults take long time to fix: Some faults such as memory leak take a lot of resources and it is difficult to 

reproduce and correct them. For this reason, they have longer correction lead time when it is compared with 

others. Also, some problems are not known by some developers so they can‟t help to solve this issue and this 

hinders them to involve to process.    

Skill level of people in the team: If there are more skilled people in the team or they have more experiences 

about the subject, it is obvious that the problems can be solved easily and fast.  

 

 

Figure 7.2-4 - Fault Correction Lead Time / System Designer 
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7.3 Final Status 

7.3.1 Product Manager 

Poor design: Due to poor design, defects and faults remain hidden and they weren‟t discovered until they cause 

failure. Lack of quality in design (such as bad specification, limited knowledge about environment) obstructs the 

reproduction of faults and increase in TR cases.   

Missed Requirements: Missed or incorrect requirements cause in the later phases of software development life 

cycle and it makes difficult to correct TRs especially for external ones.  

Requirements Analysis: Requirements analysis is the initial phase of software development life cycle and TRs 

are directly resulted with missing or inaccurate definition of the requirements.  

Delivery Concerns: Sometimes, there are some delays related with the correction of TRs as they may be some 

concerns whether the solution of them is accurate or not. Thus, even the correction has been made, the corrected 

version is not sent to the customer since the reliability of it has not proved yet. 

 

 

Figure 7.3-1 – Final Status / Product Manager 

 

7.3.2 Senior Test Specialist 

Process of handling TRs is not resulted in new requirements: According to senior test specialist, testing is 

not only related with finding bugs and errors in the product; it is much more than that. It can also be used for 

finding the alternative usages of product. TRs can create new requirements which weren‟t identified before; they 

can also be defined as requirements instead of faults. So, TRs do not always cause problems; instead they can be 

regarded as alternative usage of a system.   

TRs are only considered as bugs and not used for process improvement: TRs should be used also for process 

improvement. The next releases of the product should be corrected and improved based on the finding faults in 

the previous release. This process should be well managed in a continuous manner. In this way innovative ideas 

can be found and the next products will be developed more fault-free. 

Need of specifying risks in risk-list: The TR risks in risk-list should be specified and let upper management 

have a decision about this whether TR is correctly finished or rejected. 
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Figure 7.3-2 – Final Status / Senior Test Specialist 

 

7.3.3 Post GA Manager 

Postponed - should be corrected not on this release but next release: In the case of postponed situation, the 

fault is corrected for the next releases not the current release; because it will take an extra effort and cost more as 

it will cause the changes in other modules or components instead of local changing.  

Postponed – need of framework changing: If there is a comprehensive change in framework, then the 

correction is postponed to the next release as it will cause to spend more effort and take much more time.  

 

 

Figure 7.3-3 – Final Status / Post GA Manager 

 

7.3.4 System Designer 

Hardware related problems: Some of TRs are waiting to be resolved as they are related with specific 

hardware. These TRs are mainly dependent on third parties which are the manufacturers of hardware as they 

need to fix their own materials. In this way, the solutions to TRs can be found.  

Software related problems from third parties: Also, some problems may be related with the third parties that 

a part of the system may be outsourced. So, if the bug is found in this outsourced part, then it should be corrected 

by the outsourced company.  

Lack of team spirit and role sharing: According to system designer, the main point is not to stop to be 

motivated and learn more about the system. The employees should always improve their knowledge and this 

knowledge should be shared between the team. In this way, all individuals will be at the same level of 

knowledge and capable of solving all issues. In this way, in the case of a person leaves, the process should not be 

affected from this situation and the process will continue to work in an ordered way. Also, the roles should be 

shared equally among team members as difficult ones should not be done by same person all the time.   
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Skill of people: One of the main points which should be improved according to system designer is the skill of 

people. People needed to be motivated and they should be open to improvement. They should be ready to 

challenge with new issues and they should be encouraged to work with the new systems.  

 

 

Figure 7.3-4 – Final Status / System Designer 

 

7.4 Reflection of Qualitative Analysis 

During the interviews, several factors, which affect the target factors, were identified by the interviewees. It is 

interesting that the interviewees remarked different hinders for the TR correction. This is probably because they 

have different roles in the company and they are looking at the subject from different perspective. As they have 

different concerns related with topic, their opinions may vary and this causes diversity in influential factors.  

However, it can be argued that the factors are generally related with TR correction processes. The interviewees 

mostly complain about the inefficiency of correction of fault as the faults are only considered as bugs and they 

are not directed to better software process improvement. Also, keeping commitments and meeting the business 

requirements are challenging according to interviewees. Moreover, all of interviewees agree that bad 

specification and poor requirements are influential factors. However, there is a split in opinion among 

interviewees whether the impacts of these factors are high or not. While some of them claim that there is 

efficient requirements analysis and design phase in company, some of them believe that this process still need an 

improvement.  

On the other hand, there are some general comments about the limited resources. The interviewees believe that 

during some occasions they feel the lack of human resources and this causes overloading and the delays of the 

product deliveries. Furthermore, they expressed that many TRs coming at the same time will increase the 

workload; thus decision making for sorting TRs according to their priorities is quite important as the TR 

correction process should be made as efficient as it can be.  

Another challenge, which was identified by two interviewees, is reproduction of the faults. For Post GA 

Manager, this work may be quite difficult if the customer did not report properly where the fault had been 

detected. Other two interviewees agreed with this issue as they also slog while searching and reproducing the 

fault.  

Correction of TRs, coming from internally or externally, forms the big part of the developers and testers‟ work. 

Finding best solutions and efficient process is extremely important for the company since this process always 

needs continuous improvement. Thus, continuous research to find the causes of the shortcomings and problems 

needs to be done in order to create more efficient TR handling process.  

7.4.1 Comparison with Results of Literature Review 

When the factors, elicited from interviews, were compared with factors identified in literature, it can be said that 

elicited factors cover most of the subject. There are several common points between results; just two or three 

factors identified in literature weren‟t included in the set of factors. These are mostly related with technical 

aspects of software detection and correction like fault density of modules and failure windows.  
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For summarizing the common points, the factors were listed in the following: 

 Faults with high severity or high submitter priority affect fault correction lead time as more effort 

needed to correct them or they needed to be corrected urgently in order to meet commitments.   

 When the number of customer increases, the number of reported faults also increases, too. 

 Definitely, product complexity and its size affect the fault slippage and fault correction lead time. 

 Requirements specification and design process is highly influential in fault correction process. 

 The personnel capabilities and skill level of employees will affect the ratio of fault slippage and fault 

correction lead time. 

 When the fault is detected at the early stages of testing process such as coding/unit testing, it is easier to 

correct them efficiently.    

 Reproduction of faults or finding the locations of them can sometimes be difficult as this work may 

cause longer lead times. 

 When the team size is proportional to size with the team spirit, the effectiveness of fault correction 

process will increase naturally.   
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8 RESULTS OF QUESTIONNAIRES 

8.1 Overview of Hinders 

As the first step of the questionnaire, hinders, which were defined by interviewees, were listed and same ones 

were removed1. In the Appendix C, an example of questionnaire can be seen as it covers all the aspects of target 

factors and the hinders of them.  

Main Area: In main area, the target factors (fault slippage, fault correction lead time, final status) were listed 

and the practitioners were expected to assign points to these three factors based on their experiences and ideas.   

Area 1: This area includes hinders which are mainly related with correcting TRs without any slippage. The 

slippage value indicates the shifting from SHODET to DIDDET and in this area, the practitioners assign points 

to variables regarding to their impacts over slippage value.   

Area 2: This area comprises the factors concerning the delays in fault correction. These factors were defined by 

the interviewees as they cause an increase in fault correction lead time.  

Area 3: In this area, the factors, which have affects over the final status of the specific fault, can be seen. The 

practitioners were expected to assign points to the variables that hinder them to correct TRs in a continuous and 

successful manner.  

8.2 Practitioners 

The questionnaires were conducted by two groups of practitioners which were internal and external. Internal 

practitioners, who are also the interviewees, are the current employees of the case company and they prioritized 

the possible affecting factors identified by them or their colleagues. On the other hand, the external group 

includes professionals who are working in different companies in different roles. They are mostly software 

developers, testers, consultants or analysts. In order to provide data triangulation and diversity, the external 

practitioners were selected regardless of their positions and experiences. In this group, there are 22 subjects who 

prioritized the factors based on their experiences, current positions and the work flow of the company that they 

belong to.  

Table 8.2-1 List of Practitioners 

No Current Position Years of Experience Company 

1. Consultant 3 Consultancy 

2. Operation Specialist 2 Consultancy 

3. Software Specialist 3 Banking Services 

4. Senior Software Developer 7 Consultancy 

5. Simulation Engineer 3 Automobile manufacturing company 

6. Software Test Specialist 3 Defense Microwave Systems 

7. Software Engineer 4 Defense Electronic Systems Manufacturer 

8. Software Engineer 4 Defense Electronic Systems Manufacturer 

9. Software Engineer 4 Defense Electronic Systems Manufacturer 

10. Software Specialist 4 Telecommunication and Consultancy 

11. Software Test Specialist 3 Telecommunication and Consultancy 

12. 
Application Development 

Specialist 
2 Telecommunication and Consultancy 
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13. Software Specialist 3 Telecommunication and Consultancy 

14. 
Senior Application Development 

Consultant 
15 Telecommunication and Consultancy 

15. 
Application Development 

Specialist 
6 Telecommunication and Consultancy 

16. Senior Business Analyst 9 Telecommunication and Consultancy 

17. 
Application Development 

Specialist 
4 Telecommunication and Consultancy 

18. Software Specialist 1 Telecommunication and Consultancy 

19. Software Developer 2 Telecommunication 

20. Software Engineer 2 Telecommunication 

21. Software Test Specialist 3 Telecommunication 

22. Senior Software Specialist 6 Banking Services 

 

8.3 Prioritization 

As it was mentioned before, the questionnaire was conducted by the practitioners by using hierarchical 

cumulative voting and 1000 points was distributed between the hinders. The practitioners evaluated four 

questionnaires which are main area, area 1, area 2, area 3. The following questions were asked to the 

practitioners for the prioritization of these four sheets: „to what extent do the following areas hinder you in 

correcting TRs in a continuous and successful manner’ and ‘to express to what extent the areas contributes 

distribute 1000 points between the main areas (areas) hindering throughput more will receive more points’ 

[105].  

Prioritization on main area level: In the figure below, the prioritization of main areas is shown as the mean 

values of the three main levels are sorted in descending order. At the top middle of the circle, the area which has 

highest priority among all areas can be seen. By going right, the area having the next highest value is seen. The 

mean values indicate the distance from center to the area level. As the mean values increase, the distance to the 

center will also increase.  

Prioritization on Level of Individual Hinders: In figure 8.3-1, the prioritization of hinders which are the sub-

levels of main areas can be seen sorted by their mean values.  

For the effective representation of hinders, there should be some categorization and the collected data was 

systemized and structured with respect to their mean values of significance. Four category types were defined 

which are [106]: 

 Not significant (D): If the mean value of the hinder is lower than the average of all hinders which is 

0.02222, then it can be considered as it is not significant. It means that the hinder doesn‟t have any 

important effect over the target factor. 

 Low significance (C): The defined hinder can be regarded as having low significance if the mean value 

of it is equal or slightly above the average. It implies that the selected hinder has some effects over the 

target factor but it cannot be considered as critical.  

 Significant (B): If the mean value is more than the %3 of the total value (>0.03) and less than %5 

(<0.05), then it can be regarded as significant. 

 Highly significant (A): In case of the mean value of the selected hinder is more than %5 (>0.05), the 

hinder can be defined as highly significant having critical effects over the target factor. 
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8.3.1 Prioritization by Internal Group 

According to the table, the order of the ranking is: A2 (fault correction lead time), A3 (final status) and A1 (fault 

slippage).  It means that while A2 is the most significant factor based on the internal practitioners‟ comments, 

A1 has the least affect to TR correction process. 

 

Figure 8.3-1 – Prioritization of Main Areas by Internal Group 

In the following diagram the hinders which can be considered as the influential factors of main areas are listed 

based on their values. As it was mentioned before, the most influential factor is in the top middle of the radar 

chart which is A.3,4 with a value of more than 0.8. Based on the questionnaire outcomes, the other significant 

factors are A2.19, A1.6, A3.7, A3.12 and A3.11 which continue respectively. In the Appendix F, the list of the 

factors can be seen.  

 

Figure 8.3-2 Prioritization of Influential Factors by Internal Group 

In the table …, all the individual hinders were distributed to significance categories based on their mean values. 

While the category „A‟ represents the most significant hinders, category „D‟ includes the not significant hinders.  
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Table 8.3-1 Distribution of Influential Factors to Categories 

Category A1 A2 A3 Total 

A 1 1 4 6 

B 2 6 1 9 

C 6 5 2 13 

D 4 7 6 17 

Total 13 19 13 45 

 

In Category A, the factors, which are considered most significant by the internal practitioners, are listed. The 

selected factors mostly came from A3 which is linked with final status of TR. There are also two factors coming 

from each other areas, A1 and A3. For Category B, it can be said that A2 is the most active area since six hinders 

came from this area. In this category, there are also two hinders from A1 and one hinder from A3. It can also be 

seen that Category C are mostly formed from hinders of A2 and A3. As a result, the effectiveness of A3 can be 

realized since it was chosen as most significant area by the internal practitioners. Secondly, A2 takes place that 

lots of factors of this area are listed as significant in Category B. Most factors of A3, which was chosen as the 

least important area by the practitioners, did not take part in significant categories, A and B.  

Table 8.3-2 Highly Significant Factors 

Category A – Highly Significant 

A1.6 Customer aspects are not considered; not included in R&D and development. 

A2.19 Re-testing takes time since it ought to cover all requirements. 

A3.4 Missed Requirements 

A3.7 Process of handling TRs does not result in new requirements. 

A3.11 TRs are only considered as bugs and not used for process improvement. 

A3.12 Skill of people: Lack of open minded people during the sharing of TRs 

 

Table 8.3-3 - Significant Factors 

Category B – Significant 

A1.1 Lack of  analysis of problem deeply 

A1.13 Poor requirements; thus it affects testing process 

A2.1 Product Customization problems are challenging : Sometimes ordinary staff should take care of PC 

faults  

A2.2 Forth and back communication time: waiting time to responses, call of data and logs  

A2.4 Skill level of people in the team: knowledge level of people  

A2.9 No direct customer contact: Customer unit wants to be the channel to customer 

A2.7 Priority of jobs affect lead time: A>B>C 

A2.17 Missing requirements were recognized late 

A3.2 Poor design because of the bad specification or limited knowledge about environment 

 

Table 8.3-4 – Low Significant Factors 

Category C – Low Significance 

A1.3 Lots of different environments with different systems such as interface problems, need of different test 

plans and protocols 

A1.4 Missing of test strategies: Function test may sometimes be missing 

A1.5 Lack of automatic tests: they are not enough; e.g. just for Java completely 

A1.10 Customer usage habits are not considered; thus customer satisfaction is not provided easily. 

A1.11 Speed instead of inspection (agile method -> focusing on quality or speed depends on organization) 

A1.12 Complex Scenarios for Testing 

A2.6 Answer of sourced products: taking new versions of sourced products, long Test Cycles 

A2.8 Some problems take long time to fix (such as memory leak) as it is very hard to find and recreate and 

takes more resources 

A2.14 Many TRs at the same time that causes overloading 

A2.15 Complex Systems: Hard to reproduce customer fault 

A2.16 Lack of human resource: not enough people 
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A3.6 Software related problems with third parties 

A3 Postponed: should be corrected not on this release but next release 

 

Table 8.3-5 – Not Significant Factors 

Category D – Not Significant 

A1.2 More rapid process is needed; in this way things work fast 

A1.7 Lack of customer feedback; so it is hard to find the fault. 

A1.8 Not taking preventive actions for the future; in this way the faults will be not repeated 

A1.9 Not verified parts according to decisions such as performance, complexity, business configurations 

A2.3 The aim of keep commitment: business perspective 

A2.5 Necessity to be on-site to be in direct contact with customer (effort for travel) 

A2.10 Need to release tests takes time 

A2.11 Mistakes in development so it affects the fault correction lead time 

A2.12 Complex Systems: Too complex to develop 

A2.13 Resource Bottlenecks such as vacation, sickness of people 

A2.18 Poor design of the system  

A3.1 Need of specifying risks in risk-list 

A3.3 Lack of team spirit and role sharing 

A3.5 Requirements Analysis: Charge for Requirements 

A3.8 Delivery Concerns about delivery quality and delays on delivery 

A3.9 Hardware related problems that some of TRs are waiting because the needed hardware changes. 

A3.13 Postponed: need of framework changing 

 

8.3.2 Prioritization by External Group 

Based on the results of questionnaires filled by the external practitioners, the most significant area is A1(fault 

slippage) followed by A2(fault correction lead time), A3(final status) respectively. However, there is not much 

difference between the mean values of the areas.  

 

Figure 8.3-3 – Prioritization of Main Areas by External Group 

The influential factors rated by external practitioners can be seen in a sorted way based on their mean values. 

The most significant factor was chosen A1.1 followed by A1.7, A3.11, A3.2, A3.10 and A1.13. When it is 

compared with the diagram which reflects the internal practitioners‟ choices, it can be noticed that there are more 

factors which are very close to 0 value, indeed some of them have 0 mean values. This is because there are more 

practitioners in this group and these causes different ideas and disjoint values. The factors, listed in Appendix F, 

can be seen below: 
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Figure 8.3-4 Prioritization of Influential Factors by External Group 

In the table 8.3-6, the distribution of hinders to significance categories can be seen. It is interesting that there is 

only one hinder was determined for Category A and the most factors are disturbed to Category B and C.  

Table 8.3-6 – Distribution of Influential Factors to Categories 

Category A1 A2 A3 Total 

A 1 0 0 1 

B 6 3 4 13 

C 4 10 8 22 

D 2 6 1 9 

Total 13 19 13 45 

 

Most of the factors are belongs to Category B and C and the majority of Category B was formed by A1 factors 

like Category C. When it was looked in a detailed way, the least effective area is A3 which was also chosen the 

least important main area that hinders practitioners in correcting TRs in a continuous and successful manner.  

Table 8.3-7 – Highly Significant Factors for External Group 

Category A – Highly Significant 

A1.1 Lack of  analysis of problem deeply 

  

Table 8.3-8 – Significant Factors for External Group 

Category B – Significant 

A1.2 More rapid process is needed; in this way things work fast 

A1.6 Customer aspects are not considered; not included in  R&D and development  
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A1.7 Lack of customer feedback; so it is hard to find the fault. 

A1.10 Customer usage habits are not considered; thus customer satisfaction is not provided easily. 

A1.11 Speed instead of inspection (agile method -> focusing on quality or speed depends on organization) 

A1.13 Poor requirements; thus it affects testing process 

A2.15 Complex Systems: Hard to reproduce customer fault 

A2.17 Missing requirements were recognized late 

A2.19 Re-testing takes time since it ought to cover all requirements 

A3.18 Poor design because of the bad specification or limited knowledge about environment 

A3.4 Missed Requirements 

A3.10 Postponed: should be corrected not on this release but next release 

A3.11 TRs are only considered as bugs and not used for process improvement. 

 

Table 8.3-9 – Low Significant Factors by External Group 

Category C – Low Significance 

A1.3 Lots of different environments with different systems such as interface problems, need of different test 

plans and protocols 

A1.4 Missing of test strategies: Function test may sometimes be missing 

A1.8 Not taking preventive actions for the future; in this way the faults will be not repeated 

A1.12 Complex Scenarios for Testing 

A2.2 Forth and back communication time: waiting time to responses, call of data and logs 

A2.3 The aim of keep commitment: business perspective 

A2.4 Skill level of people in the team: knowledge level of people 

A2.6 Answer of sourced products: taking new versions of sourced products, long Test Cycles 

A2.7 Priority of jobs affect lead time: A>B>C 

A2.8 Some problems take long time to fix (such as memory) leak as it is very hard to find and recreate and 

takes more resources 

A2.10 Need to release tests takes time 

A2.11 Mistakes in development so it affects the fault correction lead time 

A2.15 Complex Systems: Hard to reproduce customer fault 

A2.18 Poor design of the system  

A3.1 Need of specifying risks in risk-list 

A3.3 Lack of team spirit and role sharing 

A3.5 Requirements Analysis: Charge for Requirements 

A3.6 Software related problems with third parties 

A3.7 Process of handling TRs does not result in new requirements 

A3.8 Delivery Concerns about delivery quality and delays on delivery 

A3.12 Skill of people: Lack of open minded people during the sharing of TRs 

A3.13 Postponed: need of framework changing 

 

Table 8.3-10 – Not Significant Factors by External Group 

Category D – Not Significant 

A1.5 Lack of automatic tests: they are not enough; e.g. just for Java completely 

A1.9 Not verified parts according to decisions such as performance, complexity, business configurations 

A2.1 Product Customization problems are challenging : Sometimes ordinary staff should take care of PC 

faults 

A2.5 Necessity to be on-site to be in direct contact with customer (effort for travel) 

A2.9 No direct customer contact: Customer unit wants to be the channel to customer 

A2.13 Resource Bottlenecks such as vacation, sickness of people 

A2.14 Many TRs at the same time that causes overloading 

A2.16 Lack of human resource: not enough people 

A3.9 Hardware related problems that some of TRs are waiting because the needed hardware changes. 
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8.4 Agreements and Disagreements 

In this part of the study, the comparison between two parties -internal and external participants- were made. In 

order to draw important results, the common points in two significant categories- A and B- were included.  

On the other hand, there are some disagreements which show the conflicts between the groups. The 

„Disagreements‟ part includes factors which were identified significant by one group and not significant by 

other.  

8.4.1 Agreements 

 Both internal and external participants complained about the lack of analysis of problem deeply that the 

analysis doesn‟t result with introducing new requirements and solutions are found just saving the day 

instead of long-reaching. 

 Both parties agreed with not considering the customer aspects during the development phase and R&D 

cause problems as this issue is mainly related with business and organizational constraints. When the 

requirements, which are essential for customers, are missing or shortcoming, then the company is fined. 

As a result of this the company needs to pay extra to customer. 

 One of the hinders that both parties complained is poor design of the system. This issue includes the bad 

specification of requirements and not having enough knowledge about environment. Both sides believe 

that because of limited information about the customer, the products are partially satisfied as they are 

not totally reliable to the business needs of customers. As a result of this, more faults are coming after 

delivering the product.   

 There is also an agreement that missing requirements cause longer fault correction lead time and 

undesired fault correction. Even sometimes, missing requirements couldn‟t be implemented easily so 

the developers decide to add them to the next versions. This issue causes also dissatisfaction of 

customer as they insisted the companies to add these missing requirements immediately. 

 There is also significant issue that mainly testers from both parties complain about the coverage areas of 

testing. Testing phase ought to cover all requirements and processes in most large-scaled global 

companies in order to develop more fault-free product. However, sometimes the coverage areas may be 

exaggerated and this causes overloading and delays on fault handling.  

 For both parties, TRs should also be considered for process improvement; not only bugs. Especially 

developers argue that the main reasons of faults should be documented and the generated documents 

should be used for next versions in order to reduce the number of faults. This problem is mainly related 

with tracing the faults in a continuous and effective manner.   

8.4.2 Disagreements 

 While the participants of case company claims that more rapid process can‟t be considered as 

significant, the external participants mostly believe that rapid processes make things faster; thus the lead 

time will be shorter. They defend that the fault correction phase should be faster and some precautions 

should be taken in order to reproduce the faults as soon as possible.  

 For the internal participants skill level of people determines the overall effectiveness of the fault 

correction process. Especially, developers of the case company seeks open minded people during the 

sharing of TRs as more TRs are assigned to the developers having more experience and responsibility. 

So, this causes unfair sharing among the development team. On the other hand, the external participants 

do not think that this issue has strong affect over general fault correction efficiency. They are more 

concerned the speed of correction process as this causes delays and put them in difficult position against 

the customer. 

 According to internal participants, forth and back communication time affects the lead time since the 

maintenance and development unit wait the response of the customer for a long time; thus this causes 

the delays in solving problems related with the product. Especially, if the client has limited knowledge 

about the current problem, then he needs to be informed first. However, most external participants 

believe that this has low significance in comparison to other rising issues. 
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 Another problem related with the communication of customer is that the customer unit wants to be a 

channel between customer and internal groups. This causes longer lead times as one more stakeholder is 

edited to TR correction process. On the other hand, external participants are not worried about the 

customer units since most of the companies do not use customer unit in TR correction process.  

 Although internal participants argue that the priority of jobs affects the lead time of correction, external 

participants believe that the priorities do not have any significant effects over the current procedures 

and rules.  

 External participants believe that speed instead of inspection and focusing on more agile methods 

makes the quality more vulnerable. On the contrary, internal party thinks that although it has 

significance over the number of faults, it has low scale.  

 Most of the external participants, especially developers, complain about the difficulties of reproducing 

the fault. If the customer is unaware where the fault exists, then searching the fault and identifying it 

take time and cause delays in upcoming TRs. Though, the internal participants believe that the time 

spent for reproducing the fault is more tolerable; so this issue has lower significance.  
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9 DISCUSSION 

In this chapter, we are going to discuss the results collected from both quantitative and qualitative data. The 

outcomes of the data analysis methods can be seen in the previous chapters of this study. This chapter is mostly 

concentrated on results found and the interpretation of them based on our thoughts.  

The main objective of this study was to investigate and identify the influential factors affecting the three main 

target factors that are hindering the stakeholders to correct the TRs in a continuous and successful manner. The 

studied case is one of the biggest the telecommunication companies in the world and the company has a global 

reputation and brand name. According to our perspective, the company was very suitable candidate for our study 

as it has strong development traditions and innovative process improvement. Also, the company had effective 

process in storing the archival data in order to find some novel ideas which may be used in R&D and next 

generation technologies.  

Throughout the study we consulted our decisions and actions to our supervisors. We arranged workshops with 

different people that we aimed to collect ideas as much as possible and look at the subject in a broader view. 

During the case study, one of our main objectives is to support our decisions and arguments and motivate them 

explicitly. So, we make the supervisors to check our study periodically. In this way, we could keep our study 

updated with minimized risks.  

In the beginning, the expectations of the stakeholders from this work were a little bit shallow as they did not 

determine the scope and content of the study. So, there should be some limitations over the work as to be done in 

successful way. Firstly, we analyzed the quantitative data by considering the suitability and sufficiency as to 

draw some conclusions related with the scope of the study. We found out that although the data is mostly 

complete and accurate, it was not capable of showing too many interesting results and outcome. Besides, the 

analysis of the full training dataset could be really challenging. So, we decided to take sample from this large-

scaled dataset and in order to improve the results we planned to make interviews and questionnaires.  

During the quantitative analysis, we decided to use more than one analysis method in order to provide data 

suitability and correctness. Thus, throughout the analysis we used seven methods and we interpreted the 

outcomes in a detailed way by observing the qualifications of selected analysis method. For each analysis 

methods, we explained how the interpretation would be done; then we determined the significant correlations. 

Also in the last section of quantitative analysis, we draw some conclusions which analysis methods will give the 

best solutions to draw some correlations between the factors collected by archival data. 

After the analysis of used dataset, the interviews took place in order to collect more information related with TR 

correction process. While conducting the interviews, our aim was to find out and identify factors as many as we 

can; later group them based on their related target factors. During the interviews, the practitioners asked general 

questions with respect to TR correction process and three target factors. The interviews were made semi-

structured in this way we could ask extra questions to search new factors. The interviewees were selected from 

different group of stakeholders and they had comprehensive knowledge about the TR correction process and the 

details. Thus, we provided data triangulation by collecting different ideas and remarked the identified factors in 

detailed way.    

The questionnaires were conducted by participants who were also the interviewees. While designing the 

questionnaires, we considered the important rules of conducting them. Our questionnaire was based on $100 

method and it was hierarchical which means that the influential factors were listed under the target factor which 

they belong to. In this way, we could get mean values of the influential factors that they would show the impact 

of the specific factor over target factor. After applying questionnaires to internal stakeholders, we wanted to 

expand our research by conducting questionnaires also to other professionals working in different roles in 

different companies. Note that the companies should be global and large scaled ones; in this way we could make 

comparisons realistically. We started to search participants by observing the necessary qualifications of the 

possible candidate. After comprehensive search, we found 22 participants which meet the certain criteria of the 

questionnaire. The detailed explanation was given to external participants through e-mails, phone meeting and 

video conference. So, we aimed to grant that the participants would fill the questionnaire accurately and 

complete. As the last work for qualitative data, we analyzed the outcomes of the questionnaires by separating the 

participants internal or external. In internal group, we had four people and in external one the group was formed 

by 22 people. We had some doubts that it would be difficult to find some interesting results in external group as 

the participant was too high; however the results were still effective and we could draw some important 

conclusions.  
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9.1 Conclusions and Recommendations 

Below, the cause-effect diagram of the influential factors, which were identified significant by practitioners, can 

be seen.  

 

Figure 9.1-1 – Root-cause Analysis 

Based on data analysis methods, interviews, literature reviews and questionnaires, the drawn conclusions and 

given recommendations can be seen in the following: 

 Both internal and external parties seek the analysis of problem deeply.  

That is probably because of the limited search related with the solution of problem. Generally, solutions 

are found just for saving the day; thus they can‟t be considered as permanent. Also, these generated 

solutions do not prevent the upcoming faults caused by specific problem. There are lots of reasons 

which are hindering deeper analysis. They can be counted as: limited resources including budget, labor 

and hardware, schedule constraints and the current aspect of the company. Actually, shallow analysis 

can be considered as the beginning point of all other problems.  

 

 The cover areas of testing process can be controversial.  

For instance, while developers insist on more test cases in large spectrum, testers may claim that the 

current testing scope is enough for testing process. Also, while long testing process will be more time 

consuming, short testing process will cause quality related problems. So, testing process should be 

balanced that it will not cause neither schedule nor quality concerns. Our recommendation is to decide 

the testing cover areas for each case specifically. As an example, while the testing process can cover 

more areas in large-scaled products, it may be the opposite in small-sized products. For this the 

complexity of the system should be estimated before development of the product. 
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 Large-scaled companies make decisions and use different tactics according to needs of modern-

day.  

Choosing speed or quality is one of the important decisions as the company may choose speed instead 

of inspection. This can be seen as agile method; however there may be some risks related with the 

quality of the product. The external participants think that focusing on agile programming instead of 

comprehensive quality management will result with the more problems in product. On the other hand, 

the internal party is more abstaining about the significance of this factor. According to our perspective, 

it is really difficult to make this decision as it is highly related with the dynamics of company. 

 

 One of the biggest problems which the companies faced is the TR correction process doesn’t 

result with introducing new constraints and requirements.  

So, faults may be repeated in next versions. In order to prevent this, the detected faults should be 

identified as an archival data and possible metrics will be determined. In this way, developers will be 

aware of what was wrong in previous versions and which measures can be taken to prevent repetition in 

upcoming versions.  

 

 Priority of jobs should also be considered as case specific.  

Existed procedures in case company make the priority levels important. On the other hand, some of 

external participants expressed that they use different methods like first-in-first-out (FIFO) unless if it is 

not an extreme case. So, we can argue that the tactics, used for TR correction, were shaped with respect 

to company procedures and rules.  

 

 Limited resources do not have huge impacts over fault correction lead time 

The recommendations about more resources cannot be realistic as the upper management has already 

been informed about the current situation. Besides, both internal and external participants agreed that 

limited resources may affect the outcome of fault; however it has not be considered as significant factor 

so far. Moreover, the companies have lots of experiences related with adjusting resources and assigning 

them efficiently. So, apart from extreme situations, they have the progress that they handle this issue 

with any difficulty.   

 

 Escalations make problems more critical and vulnerable. 

Especially internal stakeholders try to prevent possible escalations as these situations increase the 

impact of issue. Because of the involvement of upper management to the current issue, this makes the 

issue more critical and vulnerable. Also, this makes pressure over the stakeholders since there are some 

complaints directed to them.  

 

 Quantitative Data is not enough for the case company.  

One of the important observations we made is that there are few common points between the outcomes 

of quantitative and qualitative data. So, we can claim that the company may need improvement related 

with the storing the necessary data. Our recommendation will be adding three columns to the TR table 

that they will be used to define the problem. For example, the fault slippage code will be added to the 

table which can store fault codes reflecting the explanation of the problem. These can also be done to 

other target factors in this way the source of the fault can be realized. For this, necessary codes should 

be defined to existing problems. When new types of reasons to fault slippage were detected, the new 

codes will be assigned to them. The code table will be keep updated; thus the company will have 

common language. As a result of this improvement, the company can take measures to critical fault 

slippage, longer lead times and undesired fault correction outcomes. The next versions of the systems 

could be made more fault-free since the existing problem can be understood by the stakeholders of the 

software development.  
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 Customer unit may not be necessary during fault correction process. 

Another recommendation, which will be given to case company, is to remove customer unit, used as 

bridge, in TR correction process. It is acceptable that the customer unit helps to maintain good 

relationships with customer side; however it slows down the work that most of external participants 

require more rapid fault correction process.   

 

 Keeping commitments can sometimes be challenging  

The necessity of keeping commitments can be regarded as out of scope in this case study as we do not 

know the details of the contracts made with customers. Also, we do not have any comprehensive 

knowledge which commitments were given to customer. So, we can just claim that being loyal to 

commitments can be difficult for the stakeholders most of time.  

 

 Limited skill level of people, lack of team spirit and role sharing affects the fault slippage and 

fault correction lead time 

Especially developers complain about the limited skill level of people as the faults have not been found 

on time. So, the faults shift through the later phases of testing process and the faults remain hidden. 

Even they are found, it requires more effort to fix them in the later phases as the testing become more 

complicated and the time for fixing them becomes limited in order to deliver the customer on time. 

Moreover, the faults, which are more difficult to fix and require more effort, were usually assigned to 

same person who is more experienced and skillful. Since the knowledge of other team members is 

limited, the experienced one has to do all difficult works. This is because of lack of team of spirit and 

role sharing as other group members are not determined to increase their knowledge or take the risk. 

We believe that the people are abstaining to take responsibility because they think that if they will be 

successful in the assigned job, then all the difficult jobs will be assigned to them. As a result of this, 

they do not take risks and they remain silent in trying new kind of works. One recommendation will be 

that assigning the difficult jobs to reluctant employee and experienced one together since he can learn 

new things and improve his knowledge by asking or observing the experienced developer. Other 

recommendation will be arranging workshops and classes that the developers will be informed about 

new technologies or complex faults in these lectures. In this way, they will be more self-confident and 

eager to try new faults. Also, we should say that the experienced developers should be more helpful and 

wishful to share their knowledge.   
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10 LESSONS LEARNED 

10.1 Detected Faults needed to be analyzed deeply 

The main challenge, which hinders the stakeholders to correct TRs in a continuous and successful manner, is that 

lacking of analysis of faults of in a broader way. Analysis of the faults should be done deeply as this process 

should include: 

 Finding the source of fault,  

 Generating the solution which will correct the fault permanently,  

 Checking which other modules or nodes are affected from the change,  

 Controlling which measures can be taken in order to prevent upcoming faults 

 Investigating which improvements can be done to increase the quality, how the measure  

10.2 Customer aspects and usage habits should be included in order to develop efficient 

product 

Especially, in customized products customer aspects should be included that these requirements are crucial for 

customer side. In order to meet the needs of customer, faults should be corrected based on customer‟s 

perspective. During the correction of TRs, usage habits should also be considered and necessary changes should 

be done which must be compatible with the customer‟s expectations.  

10.3 Missing Requirements should also be considered as faults 

Sooner or later, missing requirements will cause problems and the faults will begin to appear. So, if the company 

wants to detect less faults, the requirements elicitation and specification should be done exclusively from the 

beginning of the project to the end. 

10.4 TRs are only considered as bugs and not used for process improvement. 

For continuous software process improvement, TRs can be considered as upgrades instead of bugs. In this way, 

reported faults can be converted to improvements in the existing system or possible innovation for future 

releases. 

10.5 Speed instead of inspection (agile method -> focusing on quality or speed depends on 

organization) 

Due to company policy, speed may be more valuable in comparison to quality concerns. Nowadays, most of the 

software companies started to modify agile methods to their development lifecycles. They are focusing on more 

speed instead of quality; this causes an increase in fault detections as the quality of the product show weakness.  

10.6 Do priority of the jobs affect the lead time of fault correction? 

Priority of the jobs somehow affects the lead time of fault correction; however it depends on the policy of 

company. While some of companies use priority levels for determining the significance of fault, some other 

companies show same importance to each fault except extreme cases. Based on the data analysis we made, the 

faults having high priorities are corrected in shorter lead time.    

10.7 Communication problems: Forth and back communication time and customer channel 

Communication problems with customer hinder the developers to correct faults in shorter time since fourth and 

back communication time and customer channel cause delays. Especially, waiting the response from the 

customer related with reproduction of fault lasts long more than expected.  

10.8 Missing of Test Strategies may cause an increase in fault correction lead time 

Missing of test strategies can result with lack of fault detection in an efficient way. Lots of faults can stay hidden 

as long as they cause failure in the system. As a result of this, the reliability of the system decreases and some 

other quality concerns begin to appear.  



 

 

65 

 

11 CONCLUSION 

Fault correction process is one of the main activities of software evolution lifecycle and it has huge impacts over 

the product maintenance. For better software quality and processes, fault correction should be handled in a 

continuous and effective way. This will lead customer satisfaction and increasing product reliability. However, 

nearly all the companies have some troubles related with this process as this process requires extra resource 

allocation and takes too much time. Moreover, the correction of the faults doesn‟t result with the good end all the 

time. So, the companies, especially large scaled ones, try to take some measures and precautions which will 

improve the process of fault correction. 

In this case study, the researchers tried to find some interesting and directive correlations between the decisions 

and the outcomes the data set of case company. During the analysis of Trouble Reports and Customer Service 

Reports several different analysis methods and tools were used. Some interesting correlations were found; 

however it was not enough to draw some clear conclusions. As in the second part of the study, the researchers 

made interviews with the key stakeholders of fault correction process in the case company. Several influential 

factors were identified; then questionnaires were conducted with both internal and external stakeholders of this 

process. Internal stakeholders, also interviewees, evaluated both their and their colleagues‟ ideas. On the other 

hand, external stakeholders were professionals working in different roles in different companies. Their common 

points were all had enough information related with the fault correction process. In this way, the prioritized list 

of factors was captured and possible recommendations were made based on the final results.  

In the following the research questions and summarized answers of them are listed as for conclusion: 

RQ1. Which variables are significant in affecting (and hence predicting) outcome variables: fault slippage, 

fault correction lead time and final status? 

For quantitative analysis, several data analysis methods and tools were used in order to find some correlations 

between the descriptive and target variables. According to outcomes of data analysis, priority levels of TRs play 

significant role in fault correction lead time and final status of TR. On the other hand, severity of fault doesn‟t 

have important impact over decision surprisingly. Apart from these, design level and source level of the sub-

systems have important effects to fault correction lead time and fault slippage.  It is quite expected that long lead 

times cause longer total lead time. Another important issue is that most of the fault slippages end in customer 

that is considered as the worst case scenario.  

RQ2. Which factors are identified by the practitioners as they hinder the practitioners to correct TRs in a 

continuous and successful manner? 

Several factors are determined by practitioners during the interviews and they can be seen as obstacles 

confronted during fault correction. They are mostly related with missing requirements, shallow analysis of 

problem and fault, limited resources, difficulties in fault reproduction and schedule constraints. According to 

practitioners, these factors are not only affecting fault correction process; also they have serious effects to 

software maintenance and reliability. During the interviews, it was noticed that all stakeholders look at the 

subject from their perspectives and this resulted with diversity in influential factors.  

RQ3. Which factors do practitioners consider to be (a) relevant and (b) most significant? 

The questionnaire, conducted by both internal and external groups, show that the most influential factor is „lack 

of analysis of problem deeply‟. Most of the participants complain about that TRs are not resulted with the new 

requirements and they are not used for software process improvement. Also, they believe that TRs can be seen 

modifications or upgrades for future products. Moreover, missing requirements were identified as the significant 

factor which makes things harder. On the other hand, there are differences in opinions between the internal and 

external groups. While the internal group claims that priority of the job is significant in decision making, 

external group disagreed about this issue. This will be probably because of different company procedures and 

policies.  

According to conducted prioritization, cause-effect diagrams were prepared. In these diagrams, the roots 

represent the target variables which are fault slippage, fault correction lead time and final status of TR. Based on 

these results, a company can take some measures in order to have better fault correction process. Besides, they 

can develop a fault prediction and correction model. In this way, they can improve software reliability and 

maintenance. Apart from this, some recommendations about the stored data are given that the current data set 

doesn‟t include the needed data at all. Thus, three columns can be added to data set in order to define the 

problems related with target factors.  
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11.1 Future Work 

Based on this study, software prediction model can be developed which will meet the needs of company. 

Different approaches have been introduced so far such as genetic programming [107], neural networks [108], 

case-based reasoning [109], fuzzy logic [110] and decision trees [111]. The most suitable approach can be 

selected by observing the advantages and disadvantages of each approach. For this, a detailed study will be 

needed since the statistics is not so easy to learn and approaches, especially neural networks, have different rules 

and steps.     

Prediction models for software fault correction can also be built in order to estimate the complexity, total effort 

and lead time of fault correction. Moreover, they can be used for isolate the possible faults and defects which 

may be cause problem in the future [111].   

On the other hand, software reliability models (SRM) can be developed for evaluation, prediction and 

improvement of the attributes. It can also be used for planning and allocating resources effectively based on the 

needs of company. There are several studies related with software reliability modeling and most of them focused 

on the hardware reliability assessment and inherent differences between software and hardware. Furthermore, 

modeling and analysis of Software Fault Detection and Correction can be done apart from SRMs which are more 

concerned about the software fault detection instead of correction. With this modeling, also correction process 

can be mapped and possible improvements can be made with respect to found results.  
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APPENDIX A 

INTERVIEW QUESTIONS 

1. INTRODUCTION – 1 min 

 Brief information about researchers, 

 Main objectives of this study, 

 The expected outcomes 

 The unit of analysis 

2. STRUCTURE – 2 mins 

 Outline of interview 

Fault Slippage, Lead Time and Final Status 

 Interview Rules (such as: anonymous, privacy, no use of identification) 

The names will be anonymous; just the titles will be used. The results of this interview will be presented 

as a part of master thesis and your identity is not going to be used throughout the paper. 

 Recording Type 

The interview session will be audio taped so that I can accurately reflect on what is discussed. The 

record tapes will be only reviewed by researchers who will analyze them. Then they will be destroyed. 

3.  QUESTIONS ABOUT PARTICIPANT’S ROLE AND EXPERIENCE – 2 mins 

 What is your role and title in Ericsson? 

 How long have you been working in Ericsson? 

 How long have you been working in current position? 

 What were your previous experiences before this position?  

4. MAIN BODY – 55 mins 

Fault Slippage: -20 mins 

 Brief explanation of fault slippage. (SHODET & DIDDET) 

 What are the reasons of fault slippage? 

 Where is the biggest slippage of defect? 

 According to your experiences, which slippage values can be regarded as critical? 

 How do you take measures to critical slippage?  

 How do you cope with fault slippage? 

(According to conversation development) 

 What are the effects of severity, submitter priority, ISP, MHO to slippage? 

Fault Correction lead Time: -20 mins 

 Brief explanation of fault correction lead time. 

 What are the reasons of long lead times? 

 How do you cope with long lead time? 

 Let‟s assume that there are some TRS reported at the same time, how do you choose that which one will 

be the first. How do you manage this process? 

(According to conversation development) 

 What are the reasons of overtime? 

 What are the effects of severity, submitter priority, ISP, slippage to lead time? 

http://tureng.com/search/anonymous
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 Does fault slippage have any effects over lead time? 

Final Status: - 15 mins 

 Brief explanation of final status. 

 What are the reasons of cancellation & postponed & rejected & technical answer provided (status 

variables)? 

 When do you decide your fault correction as successful based on several signs which we talked 

previously? 

 When do you decide the defect is corrected successfully? 

 How do you cope with defects which are not found? 

(According to conversation development) 

 What are the effects of severity, submitter priority, ISP over final status? 

 Does fault slippage have any effects over status? 

 Does lead time have any effects over status? 

5. CLOSING 

 General review of interview. 

 When do you consider the fault output to be a success? 

 What is hindering you to correct faults in a continuous and successful manner? 

 What could be improved? 

 Has something important been forgotten? 

 Feedback will be given to interviewee in order to find what is missing. 

 Questionnaires will be performed to aggregated results? Are you available to answer this questionnaire? 
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APPENDIX B 

Question:  
To what extent do the following areas (groups of causes belonging together) hinder you in 
correcting TRs in a continuous and successful manner? 
 
To express to what extent the areas contribute distribute 1000 points between the main areas 
(areas hindering throughput more will receive more points) 
 
Helping Note: 
- In this sheet only A1, A2 and A3 (C5,C21,C43) areas should be filled; other sub-areas are going 
to be filled in other sheets.  
- Put zeros first on items that you do not consider important at all  
- The total must equal to 1000 points  
- The avg. is 333 points   
   

Area Description Points 

   

A 1 Fault Slippage  
A1.1 Lack of  analysis of problem deeply   
A1.2 More rapid process is needed; in this way things work fast   
A1.3 Lots of different environments with different systems such as interface problems, need of different 

test plans and protocols   
A1.4 Missing of test strategies: Function test may sometimes be missing   
A1.5 Lack of automatic tests: they are not enough; e.g.  just for Java completely   
A1.6 Customer aspects are not considered; not included in  R&D and development   
A1.7 Lack of customer feedback; so it is hard to find the fault.   
A1.8 Not taking preventive actions for the future; in this way the faults will be not repeated   
A1.9 Not verified parts according to decisions such as performance, complexity, business configurations   
A1.10 Customer usage habits are not considered; thus customer satisfaction is not provided easily.   
A1.11 Speed instead of inspection (agile method -> focusing on quality or speed depends on organization)   
A1.12 Complex Scenarios for Testing   
A1.13 Poor requirements; thus it affects testing process   

   

A 2 Fault Correction Lead Time (Long Lead Time):  
A 2.1 Product Customization Problems are challenging : Sometimes ordinary staff should take care of PC 

faults   
A 2.2 Forth and back communication time: waiting time to responses, call of data and logs   
A 2.3 The aim of keep commitment: business perspective   
A 2.4 Skill level of people in the team: knowledge level of people   
A 2.5 Necessity to be on-site to be in direct contact with customer (effort for travel)   
A 2.6 Answer of sourced products: taking new versions of sourced products, long Test Cycles   
A 2.7 Priority of jobs affect lead time: A>B>C   
A 2.8 Some problems take long time to fix (such as memory) leak as it is very hard to find and recreate 

and takes more resources   

A 2.9 No direct customer contact: Customer unit wants to be the channel to customer   

A 2.10 Need to release tests takes time   

A 2.11 Mistakes in development so it affects the fault correction lead time   

A 2.12 Complex Systems: Too complex to develop   

A 2.13 Resource Bottlenecks such as vacation, sickness of people   

A 2.14 Many TRs at the same time that causes overloading   

A 2.15 Complex Systems: Hard to reproduce customer fault   

A 2.16 Lack of human resource: not enough people   
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A 2.17 Missing requirements were recognized late   

A 2.18 Poor design   

A 2.19 Re-testing takes time since it ought to cover all requirements   

   

A 3 Final Status  
A 3.1 Need of specifying risks in risk-list   

A 3.2 Poor design because of the bad specification or limited knowledge about environment   

A 3.3 Lack of team spirit and role sharing   

A 3.4 Missed Requirements   

A 3.5 Requirements Analysis: Charge for Requirements   

A 3.6 Software related problems with third parties   
A 3.7 Process of handling TRs does not result in new requirements   
A 3.8 Delivery Concerns about delivery quality and delays on delivery   
A 3.9 Hardware related problems that some of TRs are waiting because the needed hardware changes.   
A 3.10 Postponed: should be corrected not on this release but next release   
A 3.11 TRs are only considered as bugs and not used for process improvement.    
A 3.12 Skill of people: Lack of open minded people during the sharing of TRs   
A 3.13 Postponed: need of framework changing   

 

 

Question:  
To what extent do the following areas A1 hinders you in correcting TRs without any slippage (from 
SHODET (Should have been detected) to DIDDET(When was the fault detected) variables)  
 
To express to what extent the areas contribute distribute 1000 points between the main areas 
(areas hindering throughput more will receive more points) 

 
Helping Note: 
- Put zeros first on items that you do not consider important at all  
- The total must equal to 1000 points  
- The avg. is 77 points    
Area Description Points 

   

A 1 Fault Slippage   
A1.1 Lack of  analysis of problem deeply  
A1.2 More rapid process is needed; in this way things work fast  
A1.3 Lots of different environments with different systems such as interface problems, need of different 

test plans and protocols  
A1.4 Missing of test strategies: Function test may sometimes be missing  
A1.5 Lack of automatic tests: they are not enough; just for Java completely  
A1.6 Customer aspects are not considered; not included in  R&D and development  
A1.7 Lack of customer feedback; so it is hard to find the fault.  
A1.8 Not taking preventive actions for the future; in this way the faults will be not repeated  
A1.9 Not verified parts according to decisions such as performance, complexity, business configurations  
A1.10 Customer usage habits are not considered; thus customer satisfaction is not provided easily.  
A1.11 Speed instead of inspection (agile method -> focusing on quality or speed depends on organization)  
A1.12 Complex Scenarios for Testing  
A1.13 Poor requirements; thus it affects testing process  
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Question: 
To what extent do the following areas A2 hinders you in correcting TRs on time with a successful 
manner? 
 
To express to what extent the areas contribute distribute 1000 points between the main areas 
(areas hindering throughput more will receive more points) 

 
Helping Note: 
- Put zeros first on items that you do not consider important at all  
- The total must equal to 1000 points  
- The avg. is 52 points    
Area Description Points 

   

A 2 Fault Correction Lead Time (Long Lead Time):   
A 2.1 PC Problems are challenging : Sometimes ordinary staff should take care of PC faults  
A 2.2 Forth and back communication time: waiting time to responses, call of data and logs  
A 2.3 The aim of keep commitment: business perspective  
A 2.4 Skill level of people in the team: knowledge level of people  
A 2.5 Necessity to be on-site to be in direct contact with customer (effort for travel)  
A 2.6 Answer of sourced products: taking new versions of sourced products, long Test Cycles  
A 2.7 Priority of jobs affect lead time: A>B>C  
A 2.8 Some problems take long time to fix (such as memory leak) as it is very hard to find and recreate 

and takes more resources  
A 2.9 No direct customer contact: Customer unit wants to be the channel to customer  
A 2.10 Need to release tests takes time  
A 2.11 Mistakes in development so it affects the fault correction lead time  
A 2.12 Complex Systems: Too complex to develop  
A 2.13 Resource Bottlenecks such as vacation, sickness of people  
A 2.14 Many TRs at the same time that causes overloading  
A 2.15 Complex Systems: Hard to reproduce customer fault  
A 2.16 Lack of human resource: not enough people  

 

Question:  
To what extent do the following areas A3 hinders you in correcting TRs in a continuous and 
successful manner? 
 
To express to what extent the areas contribute distribute 1000 points between the main areas 
(areas hindering throughput more will receive more points) 
 
Helping Note: 
- Put zeros first on items that you do not consider important at all  
- The total must equal to 1000 points  
- The avg. is 77 points   
Area Description Points 

   

A 3 Final Status   
A 3.1 Need of specifying risks in risk-list  
A 3.2 Poor design because of the bad specification or limited knowledge about environment  
A 3.3 Lack of team spirit and role sharing  
A 3.4 Missed Requirements  



 

 

79 

 

A 3.5 Requirements Analysis: Charge for Requirements  
A 3.6 Software related problems with third parties  
A 3.7 Process of handling TRs does not result in new requirements  
A 3.8 Delivery Concerns about delivery quality and delays on delivery  
A 3.9 Hardware related problems that some of TRs are waiting because the needed hardware changes.  
A 3.10 Postponed: should be corrected not on this release but next release  
A 3.11 TRs are only considered as bugs and not used for process improvement.   
A 3.12 Skill of people: Lack of open minded people during the sharing of TRs  
A 3.13 Postponed: need of framework changing  
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APPENDIX C 
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APPENDIX D 

Search String Search Database Primary Result Search String 

12 

IEEE Xplore 15696 ((((Software Fault) OR 

Software Fault Correction) OR 

Software Fault Correction 

Outcomes) OR Software Fault 

Fixing) 

ACM Digital Library 1004 "Software Fault" or "Software 

Fault Correction" or "Software 

Fault Correction Outcome" or 

"Software Fault Fixing" 

Google Scholar 23500 ((((Software Fault) OR 

Software Fault Correction) OR 

Software Fault Correction 

Outcomes) OR Software Fault 

Fixing) 

Springer Link 21992 ((((Software Fault) OR 

Software Fault Correction) OR 

Software Fault Correction 

Outcomes) OR Software Fault 

Fixing) 

Engineering Village (Compendex, Inspec.)  11105 (((((Software Defect) WN 

KY) OR ((Software Defect 

Correction) WN KY)) OR 

((Software Defect Correction 

Outcome) WN KY)) OR 

((Software Defect Fixing) WN 

KY)) 

Science Direct 1480 "Software Fault" OR 

"Software Fault Correction" 

OR "Software Fault 

Correction Outcome" OR 

"Software Fault Fixing" 

13 

IEEE Xplore 8 (Influencing Factor OR Lead 

Time OR Fault Slippage OR 

Efficiency ) AND (Software 

Fault OR Software Fault 

Correction OR Software Fault 

Correction Outcome OR 

Software Fault Fixing) 

ACM Digital Library 0 ("Influencing Factor" or "Lead 

Time" or "Fault Slippage" or 

"Efficiency") AND ("Software 

Fault" or "Software Fault 

Correction" or "Software Fault 

Correction Outcome" or 

"Software Fault Fixing") 

Google Scholar 5270 ("Influencing Factor" OR 

"Lead Time" OR "Fault 

Slippage" OR "Efficiency") 

AND ("Software Fault" OR 

"Software Fault Correction" 

OR "Software Fault 

Correction Outcome" OR 

"Software Fault Fixing") 

Springer Link 622 ("Influencing Factor" OR 

"Lead Time" OR "Fault 

Slippage" OR "Efficiency") 

AND ("Software Fault" OR 

"Software Fault Correction" 

OR "Software Fault 

Correction Outcome" OR 

"Software Fault Fixing") 

Engineering Village (Compendex, Inspec.)  338 ("Influencing Factor" OR 

"Lead Time" OR "Fault 

http://www.engineeringvillage.com.miman.bib.bth.se/controller/servlet/Controller?CID=quickSearchCitationFormat&RERUN=M2598f23413d5ec22ecdM7e2prod3con1&database=3&STEP=1
http://www.engineeringvillage.com.miman.bib.bth.se/controller/servlet/Controller?CID=quickSearchCitationFormat&RERUN=M2598f23413d5ec22ecdM7e2prod3con1&database=3&STEP=1
http://www.engineeringvillage.com.miman.bib.bth.se/controller/servlet/Controller?CID=quickSearchCitationFormat&RERUN=M2598f23413d5ec22ecdM7e2prod3con1&database=3&STEP=1
http://www.engineeringvillage.com.miman.bib.bth.se/controller/servlet/Controller?CID=quickSearchCitationFormat&RERUN=M2598f23413d5ec22ecdM7e2prod3con1&database=3&STEP=1
http://www.engineeringvillage.com.miman.bib.bth.se/controller/servlet/Controller?CID=quickSearchCitationFormat&RERUN=M2598f23413d5ec22ecdM7e2prod3con1&database=3&STEP=1
http://www.engineeringvillage.com.miman.bib.bth.se/controller/servlet/Controller?CID=quickSearchCitationFormat&RERUN=M2598f23413d5ec22ecdM7e2prod3con1&database=3&STEP=1
http://www.engineeringvillage.com.miman.bib.bth.se/controller/servlet/Controller?CID=quickSearchCitationFormat&RERUN=M2598f23413d5ec22ecdM7e2prod3con1&database=3&STEP=1
http://www.engineeringvillage.com.miman.bib.bth.se/controller/servlet/Controller?CID=expertSearchCitationFormat&RERUN=M2598f23413d5ec22ecd1a6aprod3con1&database=3&STEP=1
http://www.engineeringvillage.com.miman.bib.bth.se/controller/servlet/Controller?CID=expertSearchCitationFormat&RERUN=M2598f23413d5ec22ecd1a6aprod3con1&database=3&STEP=1
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Slippage" OR "Efficiency") 

AND ("Software Fault" OR 

"Software Fault Correction" 

OR "Software Fault 

Correction Outcome" OR 

"Software Fault Fixing") 

Science Direct 495 ("Influencing Factor" OR 

"Lead Time" OR "Fault 

Slippage" OR "Efficiency") 

AND ("Software Fault" OR 

"Software Fault Correction" 

OR "Software Fault 

Correction Outcome" OR 

"Software Fault Fixing") 

14 

IEEE Xplore 238 (Root-Cause Analysis AND 

(Software Fault OR Software 

Fault Correction OR Software 

Fault Correction Outcome OR 

Software Fault Fixing)) 

ACM Digital Library 18 (Root-Cause Analysis AND 

(Software Fault OR Software 

Fault Correction OR Software 

Fault Correction Outcome OR 

Software Fault Fixing)) 

Google Scholar 271 ("Root-Cause Analysis" AND 

("Software Fault" OR 

"Software Fault Correction" 

OR "Software Fault 

Correction Outcome" OR 

"Software Fault Fixing")) 

Springer Link 20 ("Root-Cause Analysis" AND 

("Software Fault" OR 

"Software Fault Correction" 

OR "Software Fault 

Correction Outcome" OR 

"Software Fault Fixing")) 

Engineering Village (Compendex, Inspec.)  12 ("Root-Cause Analysis" AND 

("Software Fault" OR 

"Software Fault Correction" 

OR "Software Fault 

Correction Outcome" OR 

"Software Fault Fixing")) 

Science Direct 21 ("Root-Cause Analysis" AND 

("Software Fault" OR 

"Software Fault Correction" 

OR "Software Fault 

Correction Outcome" OR 

"Software Fault Fixing")) 

15 

IEEE Xplore 672 ((Efficiency OR Time to fix 

fault OR Time to correct fault) 

AND (Software Fault OR 

Software Fault Correction OR 

Software Fault Correction 

Outcome OR Software Fault 

Fixing)) 

ACM Digital Library 36 ((Efficiency OR Time to fix 

fault OR Time to correct fault) 

AND (Software Fault OR 

Software Fault Correction OR 

Software Fault Correction 

Outcome OR Software Fault 

Fixing)) 

Google Scholar 5710 (("Efficiency" OR "Time to fix 

fault" OR "Time to correct 

fault")  AND ("Software 

Fault" OR "Software Fault 

Correction" OR "Software 
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Fault Correction Outcome" 

OR "Software Fault Fixing")) 

Springer Link 605 (("Efficiency" OR "Time to fix 

fault" OR "Time to correct 

fault")  AND ("Software 

Fault" OR "Software Fault 

Correction" OR "Software 

Fault Correction Outcome" 

OR "Software Fault Fixing")) 

Engineering Village (Compendex, Inspec.)  332 (("Efficiency" OR "Time to fix 

fault" OR "Time to correct 

fault")  AND ("Software 

Fault" OR "Software Fault 

Correction" OR "Software 

Fault Correction Outcome" 

OR "Software Fault Fixing")) 

Science Direct 482 (("Efficiency" OR "Time to fix 

fault" OR "Time to correct 

fault")  AND ("Software 

Fault" OR "Software Fault 

Correction" OR "Software 

Fault Correction Outcome" 

OR "Software Fault Fixing")) 

16 

IEEE Xplore 0 ((Influencing Factor OR Lead 

Time OR Fault Slippage OR 

Efficiency) AND (Software 

Fault Correction Outcome OR 

Time to fix fault OR Time to 

correct fault)) 

ACM Digital Library 0 ((Influencing Factor OR Lead 

Time OR Fault Slippage OR 

Efficiency) AND (Software 

Fault Correction Outcome OR 

Time to fix fault OR Time to 

correct fault)) 

Google Scholar 5 (("Influencing Factor" OR 

"Lead Time" OR "Fault 

Slippage" OR "Efficiency") 

AND ("Software Fault 

Correction Outcome" OR 

"Time to fix fault" OR "Time 

to correct fault")) 

Google Scholar 8340 ((Influencing Factor OR Lead 

Time OR Fault Slippage OR 

Efficiency) AND (Software 

Fault Correction Outcome OR 

Time to fix fault OR Time to 

correct fault)) 

Springer Link 1 (("Influencing Factor" OR 

"Lead Time" OR "Fault 

Slippage" OR "Efficiency") 

AND ("Software Fault 

Correction Outcome" OR 

"Time to fix fault" OR "Time 

to correct fault")) 

Springer Link 1013 ((Influencing Factor OR Lead 

Time OR Fault Slippage OR 

Efficiency) AND (Software 

Fault Correction Outcome OR 

Time to fix fault OR Time to 

correct fault)) 

Engineering Village (Compendex, Inspec.)  0 (("Influencing Factor" OR 

"Lead Time" OR "Fault 

Slippage" OR "Efficiency") 

AND ("Software Fault 

Correction Outcome" OR 

"Time to fix fault" OR "Time 
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to correct fault")) 

Engineering Village (Compendex, Inspec.)  180 ((Influencing Factor OR Lead 

Time OR Fault Slippage OR 

Efficiency) AND (Software 

Fault Correction Outcome OR 

Time to fix fault OR Time to 

correct fault)) 

Science Direct 4 (("Influencing Factor" OR 

"Lead Time" OR "Fault 

Slippage" OR "Efficiency") 

AND ("Software Fault 

Correction Outcome" OR 

"Time to fix fault" OR "Time 

to correct fault")) 

Science Direct 140 ((Influencing Factor OR Lead 

Time OR Fault Slippage OR 

Efficiency) AND (Software 

Fault Correction Outcome OR 

Time to fix fault OR Time to 

correct fault)) 
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APPENDIX E 

A 1 Fault Slippage 
A1.1 Lack of  analysis of problem deeply 

A1.2 More rapid process is needed; in this way things work fast 

A1.3 Lots of different environments with different systems such as interface problems, need of different test 

plans and protocols 

A1.4 Missing of test strategies: Function test may sometimes be missing 

A1.5 Lack of automatic tests: they are not enough; e.g. just for Java completely 

A1.6 Customer aspects are not considered; not included in  R&D and development 

A1.7 Lack of customer feedback; so it is hard to find the fault. 

A1.8 Not taking preventive actions for the future; in this way the faults will be not repeated 

A1.9 Not verified parts according to decisions such as performance, complexity, business configurations 

A1.10 Customer usage habits are not considered; thus customer satisfaction is not provided easily. 

A1.11 Speed instead of inspection (agile method -> focusing on quality or speed depends on organization) 

A1.12 Complex Scenarios for Testing 

A1.13 Poor requirements; thus it affects testing process 

 

A 2 Fault Correction Lead Time (Long Lead Time): 
A 2.1 Product Customization Problems are challenging : Sometimes ordinary staff should take care of PC 

faults 

A 2.2 Forth and back communication time: waiting time to responses, call of data and logs 

A 2.3 The aim of keep commitment: business perspective 

A 2.4 Skill level of people in the team: knowledge level of people 

A 2.5 Necessity to be on-site to be in direct contact with customer (effort for travel) 

A 2.6 Answer of sourced products: taking new versions of sourced products, long Test Cycles 

A 2.7 Priority of jobs affect lead time: A>B>C 

A 2.8 Some problems take long time to fix (such as memory) leak as it is very hard to find and recreate and 

takes more resources 

A 2.9 No direct customer contact: Customer unit wants to be the channel to customer 

A 2.10 Need to release tests takes time  

A 2.11 Mistakes in development so it affects the fault correction lead time 

A 2.12 Complex Systems: Too complex to develop 

A 2.13 Resource Bottlenecks such as vacation, sickness of people 

A 2.14 Many TRs at the same time that causes overloading 

A 2.15 Complex Systems: Hard to reproduce customer fault 

A 2.16 Lack of human resource: not enough people 

A 2.17 Missing requirements were recognized late  

A 2.18 Poor design of the system  

A 2.19 Re-testing takes time since it ought to cover all requirements 

 

A 3 Final Status 
A 3.1 Need of specifying risks in risk-list 

A 3.2 Poor design because of the bad specification or limited knowledge about environment 

A 3.3 Lack of team spirit and role sharing 

A 3.4 Missed Requirements 

A 3.5 Requirements Analysis: Charge for Requirements 

A 3.6 Software related problems with third parties 

A 3.7 Process of handling TRs does not result in new requirements 

A 3.8 Delivery Concerns about delivery quality and delays on delivery 

A 3.9 Hardware related problems that some of TRs are waiting because the needed hardware changes. 

A 3.10 Postponed: should be corrected not on this release but next release 

A 3.11 TRs are only considered as bugs and not used for process improvement.  

A 3.12 Skill of people: Lack of open minded people during the sharing of TRs 

A 3.13 Postponed: need of framework changing 

 


