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ABSTRACT 

Achieving the highest levels of quality is the main target for all companies in all sectors. 

The aspect of the highest quality differs from organization to another. It could mean 

exceeding customers` expectations, speed of delivery, feasibility, product quality, 

reduce total cost, or minimizing the total defects in processes/services. Six Sigma is 

practical work to get error-free business performance. One of the Six Sigma’s 

distinctive approaches to process and quality improvement is DAMIC (define, measure, 

analyze, improve and control). DAMIC model refers to five interconnected stages that 

systematically help organizations to solve problems and improve their processes. This 

work illustrated applying DAMIC model in the industrial sector. The data of this case 

obtained from a leading manufacturing company based on Jeddah, Kingdom of Saudi 

Arabia. Statistical analysis has been applied using EViews7 and SPSS25. A Cause-and-

Effect diagram has been proposed. Whereas correction and improvement actions have 

been suggested by the quality team of the company.   

Keywords: Six Sigma; DMAIC; Quality improvement; Cause-and-effect diagram, 

Defect reduction. 

1. INTRODUCTION 

Globalization makes the competition an arduous task that requires continuous 

improvement and quality enhancement. Organizations try their best not only to reach 

the customers` expectations but to also surpass those expectations. In this context, Six 

Sigma has become a vital approach for those organizations. Six Sigma provides 

effective statistical tools and techniques which help dispel variability and scale back 

waste in processes [1-3]. Six Sigma enables the organizations to maintain the highest 

quality by monitoring the reasons for quality defects then eliminating these root causes 

with the goal of approaching no defects [4-5].   

In 1980, Motorola was trying to achieve the quality targets for their manufactured 

products to be in the first line. Hence, Motorola developed the Six Sigma approach [1] 

to move from the conventional approach of characterizing defects per thousand 

opportunities to measuring defects per million opportunities and to identifying root 

causes, solutions, and need changes. Six Sigma approach has been developed to be a 

broader, companywide philosophy instead of a method improvement methodology [4], 

[6]. Currently, Six Sigma has become the golden standard of improvement action used 

by many companies to maintain the highest level of quality [7-9]. Six sigma 

implementation fields include, but not limited to: improvement of product quality, 

improvement of processes quality, increasing customers` satisfaction, and shortening 
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cycle times [9-12]. By using Six Sigma approach, companies identify quality errors as 

well as suggest actions that reduce these errors to the minimum practically achievable 

values.  Reducing quality errors to be near zero requires updating the analysis and the 

improvement actions continuously [7], [13]. So, as reducing the quality errors is the 

main target for any companies, implementing DAMIC model is an effective tool to 

achieve the high quality. 

This paper illustrates the implementation of DAMIC model to discover the quality 

deficiency causes in GEDAC Company. Moreover, based on Cause-and-Effect diagram, 

some correction and improvement actions have been suggested by the quality team of 

the company. 

 

2. MATERIALS AND METHODS 

The methodology of this research is divided into two major sections namely, problem 

formulation, and the implementation of the DAMIC application. The data collected 

from a real project from a leading manufacturing company based on Jeddah, Kingdom 

of Saudi Arabia.  The collected data were analysed to be used in suggesting the 

improvement and correction actions to reach zero error product defect. The research 

methodology in our case is illustrated in Figure 1. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Methodology adopted for this Research. 

 
 

3. INTRODUCTION TO THE INDUSTRIAL CASE AND PROBLEM 

FORMULATION 

GEDAC is a company committed to be the pioneer on power distribution equipment, 

solutions and services in the Middle East, design, manufacture, and servicing. The 

21000 m
2
 plant has been in service from 1978 and has supported international standards 

such as ANSI (American National Standards Institute) / NEMA (National Electrical 
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Manufacturers Association) and ISO (International Organization for Standardization) in 

manufacturing and assembling customized turnkey solutions for power distribution and 

protection and after-sales services in low and medium voltage. The aim of GEDAC 

Company is that products and services that fulfill customer requirements should be 

developed, produced, and delivered. To pursue this aim, GEDAC Company has 

implemented a quality system based on ISO-9001, 14001 & OHSAS 18001. A study 

was conducted in the selected unit to reduce the dismissal with DAMIC study by 

considering all these facts 

 

4.  IMPLEMENTATION OF DAMIC APPLICATION 

4.1 Define phase 

The collected data for the medium voltage equipment obtained during 31 months. The 

collected data are 31 observations. The quality team chooses the variables in line with 

their quality goals. The formulation of the quality team members is essential step. The 

team members for the project include Senior Managers, Planers, and Repair Managers. 

Senior Engineers and one machine operator will be responsible for quality control. The 

Senior Production Manager serves as the team leader. 
 

4.2 Analyse phase 

In this phase, the variables have been grouped into a smaller set of constructs without 

losing much information from the original data. EViews7 and SPSS 25 were used for 

factor analysis. To apply factor analysis, the data needed to be analysed by subtracting 

the mean for all values and divided them by the standard deviation of those values [14]. 

By this way, the effect of the measurement scale is removed, and the variables are 

treated equally in the analysis, Table 1 represents the calculated Eigenvalues Summary. 

Furthermore, verification has been done for factor analysis through the examination of 

the correlation matrix of the variables. There is a high number of correlation coefficients 

between variables which are higher than 0.5. Those variables will also be highly 

correlated with the same factor. Principal factors estimation has been performed with 

retaining factors based on Kaiser-Guttman, the initial commonalities based on the 

squared multiple correlations [15]. 

Table 2. Eigenvalues summary 
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The principal factors estimation is the most used method. At the same time with 31 

observations, the potential maximum likelihood and generalized least squares cannot be 

applied due to the near singular matrix. Factor (Fj) can be expressed as: [3], [16]: 
 

     Fj = cj1*t1 + cj2*t2 + cj3*t3 + cj4*t4 +…+cj45*pn-1+ cj46* pn                    (1) 
 

Where, Fj is factor scores and cji isfa ctor coefficients scores of the model, t1, t2, t3, 

… pn-1, pn: observed variables. 

The main outcome of the factor analysis represented in Kaiser's diagram, Table 2 

shows 14 factors with eigenvalues which are higher than 1 and an absorbed variance of 

89.33%.  

Table 2. Kaiser's diagram shows the factors and main correlated variables 
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Goodness-of-fit testing is an important element of any analysis because the model 

represents a general set of hypotheses about the ecological and observation processes 

that generated the data. Thus, if the model “fits” in some statistical or scientific sense, 

then It could conclude that the model appears adequate [17].  Table 3 represents 

Goodness of fit of the factor model adjusted results. The table shows that the parsimony 

ratio= 0.46 which indicates poor result, as much closer to one shows a better fit. The 

table also shows the Mean Square Residual (RMSR) = 0.19 which represents a good 

adjustment.  The Normed Fit Index (NFI) at 0.37 represents a poor result, as much 

closer to one shows a better fit.  

After performing the Orthogonal and Varimax rotation, the following factor loadings 

have been obtained. Table 4 represents the rotated factor loadings. The new five factors 

and the related variables with the higher factor identify the new factors with the name of 

the related business processes. The model is be re-calibrated until reaching the 

acceptable results. Next, the factor scores coefficients based on the exact coefficients 

type and the regression method are re-calibrate. Table 5 represents the Goodness-of-fit 

Summary for the new calibrated factor model and Table 6 illustrates the Goodness-of-fit 

Summary for the new calibrated factor model.  It shows that, the parsimony ratio = 0.34 

as well as RMSR = 0.06 which showed good adjustment. As well as errors among the 

observed matrix and the reproduced one is very small. Also, NFI= 0.75 which showed a 

satisfied result. 
 

4.3 Measure phase 

Measurement is the second phase For DAMIC Cycle. Variables and the associated data 

have been collected and observed by the testing engineering and production department 

as well as customers` complaint report by the project management department in the 

company.  
 

4.4 Improvement phase 

Improving product /service in a project means acting against quality deficiency causes. 

Figure 2 represents the cause-and-effect diagram analyses made during the 

brainstorming section.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The proposed Cause and Effect Diagram 
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One of the simplest tools to implement the Six Sigma approach is the cause-and-

effect diagram. After a brain storming session with both the quality team and the people 

involved in the process, the cause-and-effect diagram was produced. Making 

brainstorming among the team associated with quality is the most powerful tool for 

quality improvement [18].  

The quality team would raise the suggested improvement steps towards the top 

management after the brainstorming sessions. It is to obtain the approval of the top 

management and therefore all resources needed for the improvement are viable.  

 

Table 3.  The Goodness of fit of the factor model 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Table 4. Rotated Factor Loadings 
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Table 5.  The re-calibrated factors 
 

 
 

Table 6.  The re-calibrated Goodness of fit summary 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Based on the cause-and-effect diagram, the quality team illustrated that the quality 

deficiency causes occur because of; wrong material, missing materials, material short-

time arrangement, short material, mechanical Problems, defective/wrong materials, 

wrong electrical allocation, testing feedback, missing material writing, wrong 

purchased, wrong material writing, extra material allocation, extra material allocation 

and shortage of materials. Therefore, the quality team suggested some improvement 

actions against these causes as illustrated in Table 7.   
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Table 7. Cause solution matrix 
 

No.  Cause Suggested Improvement Actions 
 

1- Wrong Material  Data sheets should be defined by production 

department and followed by purchasing and quality 

control dept. through their Accredited procedures. 

2- Missing Materials A minimum stock plan should be designed by 

planning dept. and followed by stores and 

purchasing departments.  

3- Material short-time 

arrangement 

Production plan should be carried out by stores. 

4- Short Material Material Minimum stock plan to be followed by 

noticed departments. 

5- Mechanical Problems Showed be detailed studied to suggest 

improvements. 

6- Defective /wrong 

materials 

Inspection sheet should by specified and followed 

by quality control. 

7- Wrong electrical 

allocation 

Improve workplace organization. 

8- Testing feedback Test feedback sheet should be cycled to notice 

departments. 

9- Missing Material 

writing 

Material list should be revised and approved by 

production dept. 

10- Wrong purchased Purchasing department must follow material 

approved data sheet.  

11- Wrong material writing Material list should be revised and approved by 

production department.  

12- Extra material 

allocation 

Production plan should be followed by stores and 

handling department. 

13- Shortage of materials Material Minimum stock plan to be followed by 

noticed depts. 

14- Shortage of materials 

(Non-Allocated) 

Production plan should be followed by stores and 

handling department. 

 

4.3 Control phase 

Steps to control the problems already addressed by the quality team and accepted by the 

top management are taken during the monitoring process. Six Sigma's greatest 

challenge is the durability of the outcomes obtained. Often, it is incredibly difficult to 

sustain the results because of numerous factors, including the change of staff, 

promotion/transfer of people employed in this process, shifting individual attention to 

other process problems elsewhere in the company, and a lack of responsibility for new 

workers in the process [19].  

The consistency of the results demands that improved methods be standardized and 

that processes for tracking the main results be developed. It also needs sensitization 

among the workers who carry out the research.  Standardization of the solutions was 

achieved by modifying the process procedures required that were part of the 

organization's quality program. The quality plans have been updated according to the 

solutions.  
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5.  MANAGERIAL IMPLICATIONS 

In the past, isolated efforts have been made to implement initiatives such as statistical 

process monitoring, qualitative cycles, continuous improvement programs and self-

sustaining. No systematic efforts were made in the implementation of these initiatives to 

identify opportunities for improvement in line with business priorities and customer 

requirements. It made the importance of these programs, with the highest priority 

addressed, less apparent in the company than in Six Sigma projects where customer 

voice has been developed. Owing to its performance in this project, the management 

agreed to use the Six Sigma Approach for all potential improvements. A core group of 

all the functional heads of the company was created to oversee the Six Sigma initiatives. 

The department was responsible for project design and project management. The team 

was also informed of all issues relevant to the implementation of further action. Six 

Sigma has been implemented to solve any form of problem in the process as a method 

within the enterprise. The goal of the management was to bring about a cultural change 

in this organization through the participation of everyone in this movement of 

excellence. 

 

6.  CONCLUSIONS 

DAMIC model have been implemented in GEDAC Company, which is a leading 

manufacturing company based on Jeddah, Kingdom of Saudi Arabia. The main target is 

to get error-free business performance. The implementation of DAMIC model has been 

a major challenge for the following reasons:  

 Despite the employees' busy daily schedule, it was very difficult to attend 

training.  

 It was not easy to get support from people at the lower level of the company to 

participate.  

 It was also difficult to collect process data during the various phases of the 

implementation of the Six Sigma project.  

Despite all these challenges, the team has achieved the expected results through the 

involvement of people at all levels of the organization.  As well as many followers for 

Six Sigma have been developed in the company, with the significant achievement of 

this initiative. 

This project was focusing on the most critical products manufacturing in GEDAC 

Company which are medium voltage equipment’s. As the company offers physical 

products as well as pre-sales and after sales services. It is suggested for the company to 

extend the exploration of Six Sigma in their offered services. This is to improve 

customer satisfaction by improving dependability and speed objectives 
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