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It is very important that large enterprise software projects are delivered to the production 

environment in a quality manner in a timely manner and at the desired budget. The fact that 

the projects produces too many problems after being deployed into production environment 

decreases the productivity of the company and leads to serious customer dissatisfaction. In 

this study, we made root defect analysis of two big projects that were recently taken into 

production in telecom sector. By grouping these root causes, we completed the missing parts 

of the software cycle and eradicated the roots of these defects. After this root cause analysis, 

we found significant reductions in the rate of arrival of the defects and we shared our 

promising results. 

 

1. Introduction 

Without software it is almost impossible for any company to 

survive. In recent years the largest technology companies 

ranks highest in the ranking of the largest companies in all 

countries [1]. Companies make all their workflows through 

software and digitalization [2,3,4], which is popular recently, 

almost eliminates manual workflow. In particular, 

companies have to make their software both cheap and high 

quality in order to compete quickly in the market and to 

respond to the increasing customer needs very quickly. 

Therefore, many companies abandon the old popular 

software methodologies [8,9] like waterfall and replace them 

with agile methodologies [5,6,7]. In this way, they have the 

opportunity to maintain both quality and speed balance 

better. The quality of the software [10,11] must not only 

respond accurately and consistently to the customer's 

demands, but also provide the same experience across all the 

company's channels (internet, dealer, call center etc.). At the 

same time, these software must meet the latest security 

standards and simultaneously perform thousands of 

transactions very quickly.  

In this complex software world, the defects made in the 

software both reduce the efficiency of the companies and 

cause serious customer complaints [12]. Especially in 

telecom companies subject to regulation, invoicing errors 

made against the customer cause very serious financial 

sanctions on the income of the company and even serious 

problems such as the cancellation of licenses. In addition, in 

today's world, customers who are active in social media are 

very aware of the mistakes made and there is a risk of losing 

thousands of customers at a time. In order to avoid these 
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problems, companies do a lot of work on software quality. 

The most important of these is to organize test teams and 

detect problems that may occur in the software beforehand 

and they aim to solve them before they come to production 

[13,14]. 

In this study, we conducted root cause analysis (RCA) of 

the defects after two large projects from the telecom sector 

recently deployed in the production environment. We went 

down to the depth of why these defects was formed and 

identified the root causes. We then introduced additional 

measures in the software cycle that needed to be taken for 

these root causes. For these two projects, we repeated these 

analyzes at 2-month intervals. We found significant 

reductions in the defect trend with the application of the 

results.  

The remainder of this paper is organized as follows. In 

the following section, we provide background information 

on five whys. We summarize the related studies in Section 3. 

We present the approach in Section 5, which is illustrated in 

Section 4, in the context of the industrial case study. We 

discuss the results in Section 6. Finally, in Section 7, we 

conclude the paper. 

2. Background 

In this section, we provide background information on 

“five whys” which we use in out study to identify the root 

cause analysis of the defects. 
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2.1. Five Whys 

Five Whys analysis is a questioning technique used to 

explore the cause-effect relationships underlying a particular 

problem in quality management [18]. The main purpose of 

the technique is to determine the source of a defect or 

problem. 

Five Whys is used in cause-effect-judgment analysis in 

the field of quality management. The aim is to determine 

whether a cause is a disorder or a problem. The five here is 

symbolic, not necessarily five queries, but is usually applied 

with five questions. The important thing is to clearly explain 

why the error was caused. 

If it is not known how to solve a problem or where to start 

to overcome the problem, five why analysis techniques that 

are central to the cause-effect relationship play a key role. If 

the answers given to the questions start to become 

meaningless, then the questioning process is interrupted and 

proceeds through the last logical answer to find the source 

and start to produce a solution. To illustrate the workings of 

cause analysis, this example may be appropriate to better 

understand; It's lower grade than a student expects from the 

exam result. Five whys of this problem are analyzed; 

Why did he get a low grade? (First why) 

Why couldn't he give the right answers? (Second why) 

Why couldn't he understand the logic of the problem? 

(Third why) 

Why did they have absences? (Fourth why) 

Why didn't you study with a scheduled program until the 

exam date. (Fifth why, a root cause) 

As it is seen in the analogy given above, the source of the 

problem faced by the students has been descended with the 

questions of why and this problem has been eliminated with 

the last answer given. 

We applied these “five whys” analysis for each problem 

and tried to find the true root causes of the defect. In this 

way, we were able to identify the correct actions to eradicate 

these defects by addressing the real causes underlying the 

defect. 

3. Related Work 

When we look at the software world, we see that the 

problems experienced during the major project transitions 

are common [22]. Post Mortem and Retro meetings are 

defacto step in the world to improve the software process 

management. When we look at the studies on Root Cause 

Analysis (RCA), Leszak et al. [19] found that when they did 

Root Cause analysis, they divided the errors into 3 main 

classes and classified the root causes of the errors into three 

main groups. These three categories are Algorithm, 

Functionality and Other Causes. They analyzed 427 data and 

performed root cause analysis in 13 sub-categories. In our 

study, we examined 530 problems and grouped root causes 

into 3 main categories and 10 sub-categories. Kalote et al. 

[20] examined the errors in 3 different subcategories 

(Logical, Standard and Redundant Code). They did RCA 

with Brainstorming. In our study, we used The 5 Whys 

method and in the RCA team, in our study, in addition to the 

participant roles of analyst, developer and Kalote et al., 

Participants from the operation admin team participated in 

the root cause analysis evaluation. Similarly Kumaresh and 

Baskaran’s work [21], when we examine the number of 

errors and the correct size of the project size in our projects, 

we saw a correct correlation between the size of the code and 

the number of errors.  

In recent years, intelligent methods have been widely 

applied in many industrial fileds and excellent results have 

been obtained. And also, the root cause analysis has been 

extended by using automation and machine learning [23- 

26]. It is wirth mentioning, in our study, automation and 

artificial intelligence methods were not used and evaluated.  

4. Industrial Case Study  

The analyzed projects are two major projects of 

Turkcell's customer relationship management (CRM) 

application. Turkcell is Turkey's largest GSM operator 

company which is operating since 1993. These projects are 

the 2 biggest projects of the CRM transformation. One of 

them is the Processes project that includes all core processes 

of CRM. The other is the Voice project, one of Turkcell's 

most important fixed products. The development of these 

projects is implemented by Turkcell Technology, which 

serves as the R & D company of Turkcell. The application 

serves approximately 10,000 users and 35 million customers. 

In the Process and Voice projects examined from this study, 

there is a data model suitable for TM FORUM's eTom model 

[15].  At the same time the application was developed using 

3-tier architecture and the latest trend technologies in the 

software industry (such as Spring Framework, Devops etc.) 

[17]. The order fullfilment of the applications is designed in 

accordance with SOA architecture. There are 320 Oracle 

SOA suite [16] bpel projects with 763.037 lines of code. 

Likewise, there are a total of 7,788 java classes and interfaces 

with 693,574 lines of java code. A total of 200 developers, 

analysts, testers and project managers worked in the project. 

The project lasted about 1.5 years and was successfully taken 

into the production environment. Root defect analysis of the 

projects within this scope has been an important study for the 

success of the projects. Developers who will develop large 

projects like this can use the output from this work to input 

their projects and use these practices to develop better quality 

software. 

5. Approach 

For the root cause analysis of the problems, we have 

applied the five why analysis reasons rules mentioned in 

section 2.1. We examined a total of 280 defect in the voice 

project and a total of 250 defect in the processes project. We 

analyzed all defects using the techniques mentioned in the 

background section. Accordingly, we identified the true root 

cause of each defect. Here we also see that each defect 

actually addresses one of the 3 categories. These 3 categories 

are human, process and technology. Here we went up to 5 

questions for some defect, while others were able to identify 

root cause in up to 3 questions. Figure 1 shows the 

distribution of the sound project and the distribution of the 

processes project according to these 3 parts. 
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Figure 1. The process project defect distribution (a) and the voice 

project defect distribution (b) 

One may notice that there is a difference in the 

distribution between the voice project and the process 

project. It can be seen that there is a significant difference in 

the technology part especially in the process project. The 

main reason for this is that the process project is a horizontal 

project that develops the general infrastructure of the system. 

In other words, it is an infrastructure project, so it is normal 

for the technology part to be the root cause of the defects in 

this project. 

Table 1 shows distribution of the total number of the 

problems according to the code size for each project, in the 

below. Software Size (%/Total Size) means the percentage 

of this software size according to whole crm code size. 

Table 1. The distribution of total number of problems according 

to code size 

 The Voice Project The Processes Project 

# of Defects 280 250 

Software Size 

(%/Total Size) 

30.38% 28.47% 

6. Results and Discussion 

Figure 2 shows the distribution of root cause results of 

the voice project. Here we see that human errors are divided 

into 4 root causes, with 78 of them we found that manual data 

update error is the biggest root cause. In the case of process 

errors, we found that the biggest root cause was the missing 

use case, followed by the lack of analysis. Due to when the 

voice project is a product project, the technology part has not 

caused a big root cause. Here we have seen that dependence 

on 3. party firms are the biggest root cause. 

 

 
Figure. 2 Distribution of  root cause results of the voice project 

Figure 3 shows the distribution of  root cause results of 

the processes project. Here we see that the error groups are 

equally distributed. As mentioned in section 5, since the 

processes project is an infrastructure project, it is seen that 

technology errors are much higher. We have identified 

technology errors as architectural errors, performance errors 

and infrastructure errors as root causes. We have identified 

root causes in this project too, such as missing cases, missing 

test cases and missing analysis. 

 

 

Figure 3. Distribution of  root cause results of the processes 

project 

After identifying these root causes, we made changes to 

our software cycle accordingly. For example, in order to 

improve the code quality, we have made the code review 

process compulsory. Likewise, we have taken additional 

actions such as internal trainings, user visits and process 

documentation to address the use case deficiencies. In the 

same way, we have redesigned infrastructures that produce 

many defect. We made significant improvements in 

performance improvement by working closely with the 

operational units. We were able to reduce the defects of 

nearly 80% by taking significant actions for each root cause. 

7. Conclusions 

In this study, we conducted root cause analysis of two 

newly developed projects of the telecom sector. We applied 

the five whys technique for each defect in the system. We 

have also categorized these root causes in human, process 

and technology breakdowns. For these root causes, we have 

added processes that are incomplete or inadequate in our 

software lifecycle. Thus, we have seen significant decreases 

in the rate of arrival of the defects. At the same time, we 

achieved serious positive results in software quality and 

customer satisfaction in live environment. Focusing on the 

root causes of the problems, we obtained 80% reduction in 

defect arrival rate with improvements in our software cycle, 

infrastructure and processes. 
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