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Abstract 

There are several traditional boat building industries in East Java, Indonesia. However, the performance of these 
industries has not been measured yet. We aim to measure and boast the performance of traditional boat building 
industries using Six Sigma. The results showed that the existing performance measured by sigma value is 2.84. 
There are some critical factors to quality such as: the error of cutting, crack due to assembly, and crack due to 
burning for wood bending. Analyzing the potential causes by fishbone diagram and ranking it by risk priority 
number values, we propose some improvements such as: developing facilities of automatic machines, sorting 
material at the time of purchasing, creating training program for burning and assembly, and brainstorming with 
some experts especially in wood bending.  
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1. Introduction

Traditional boat building has been widely spread in East Java, Indonesia. Ministry of Research, Technology, and
Higher Education has planned Surabaya city and three regencies such as Lamongan, Tuban, and Gresik as a cluster 
of boat building in East Java (Praharsi et al, 2018). There are several traditional shipyards in those areas. However, 
the performance measurement of these traditional shipyards has not been conducted yet. 

There are some literatures related to performance measurement. Garza-Reyes et al. (2016) found that the lean six 
sigma framework improves the capability of ship loading process and commercial time for more than 30% and cost 
savings in the range of $300,000 USD per year. Cherrafi et al (2017) built a framework consists of five stages and 
sixteen steps to integrate and implement green, lean, six sigma to improve company performances. Ridwan and 
Noche (2018) measured the port performance using the sigma value, the process capability indices, and the cost of 
poor quality. Zu et al (2011) examined the implementation of Total Quality Management and Six Sigma practices at 
companies in China. The results showed that there were no significant differences of implementing Total Quality 
Management and Six Sigma practices in terms of company size, industry, ownership, and process type.  

This study is motivated by their initiatives. We aim to measure the performance of traditional shipyard in East 
Java by using Six Sigma. Six sigma is a statistical technique focused on eliminating defects and reducing process 
variability. There are some stages in implementing Six Sigma, such as define, measure, analyze, improvement, and 
control. Define stage identifies what product or process will be repaired or what resources will be needed in project 
implementation. In this stage, the critical to quality from repaired product or process is determined. Measurement 
stage is used to identify process capability or the performance of production process. Indicator used in this stage is 
defect per unit. Analyze stage explores the reason why deviation between plan and action happened and identifies 
possible root causes of the problem. Improvement stage identifies, implements, and validates corrective actions to 
resolve any problem. Finally, control stage supports and maintains the action of improvement stage, so the process 
will not step back to its previous state. It is expected that we can boost the performance of traditional boat building 
industry by implementing Six Sigma. 
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The remaining of this paper is organized as follows. Section 2 presents research methodology. Section 3 
discusses the implementation of six sigma using define, measure, analyze, improvement and control stages. Finally, 
Section 4 presents the conclusions, limitations, and future research directions derived from this paper. 

 

2. Research Methodology 

The research methodology is shown by Figure 1. 
 

 Define stage : 
Describes the boat 
building workflow 
and identifies CTQ

Start

Measure stage : 
calculate DPMO and 

sigma values

Analyze stage : 
Analyze with 

fishbone Diagram 
and FMEA

Improve stage : 
Propose an 

improvement  plan  

 Control stage : 
Give strategic steps 

from proposed 
improvements for 

monitoring 
evaluation

Finish

 
Figure 1. Research methodology 

 
Based on Figure 1, the research was started by brainstorming to describe the traditional wooden boat building 

process which then was continued by identifying CTQ (Critical To Quality) that occurred during the boat building 
process. Subsequently, the calculation of DPMO (Defects Per Million Opportunities) was done which then was 
converted into a sigma value as a current parameter assessment of the boat building process. In the analyzing stage, 
the results of CTQ identification were analyzed using a fishbone diagram to find out the root cause of the problem 
which then was assessed by the RPN (Risk Priority Number) using FMEA (Failure Mode and Effect Analysis). 
Furthermore, in the improving stage, the design of the proposed improvement was given based on the results of the 
highest RPN assessment and followed by the controlling stage which provided strategic steps from the proposed 
improvements to do the evaluation and monitoring. In addition, we surveyed 4 traditional shipyards and 34 boats 
building. The study is conducted during period June-July, 2019. 

3. Result and Discussion 
 
3.1 Define Stage  

 
The flow of traditional wooden boats building is described as in Figure 2 (Praharsi et al. 2019). 
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Figure 2. The building process of traditional fishing boats 
 
 
From the Figure 2, it could be identified the CTQ that occurred during steps of the Hull construction, Frame 
Installation, Hatch Installation, and the wheelhouse building installation, were the Error of cutting, Crack due to 
assembly, and Crack due to burning for wood bending. 
 
3.2 Measurement Stage 

In this measurement stage, the process capability of traditional boat building is measured based on data of the 
wood usage efficiency using DPMO tools. 

The results of the DPMO calculation and the sigma values from 34 boats are shown in Table 1. 
 

Table 1 DPMO calculation and sigma values 
Boat size 

(Gross 
Tonnage) 

Total Amount of 
Woods (m3) 

Amount of 
Wood Usage 

(m3) 

Amount of 
Defect (m3) 

DPMO Sigma 

16 15 10.75 4.25 94444.44 2.8138732 
22 32 22.93 9.07 94444.44 2.8138732 
31 55 40.15 14.85 90000 2.840755 
38 50 39.17 10.83 72222.22 2.9594385 
48 65 46.58 18.42 94444.44 2.8138732 
59 70 50.17 19.83 94444.44 2.8138732 
64 75 53.75 21.25 94444.44 2.8138732 
30 40 29.11 10.89 90740.74 2.8362074 
30 42 29.17 12.83 101851.9 2.7710701 
30 42 31.03 10.97 87037.04 2.8592289 
44 60 47.00 13.00 72222.22 2.9594385 
53 63 45.15 17.85 94444.44 2.8138732 
54 70 50.17 19.83 94444.44 2.8138732 
63 70 52.97 17.03 81111.11 2.8976366 
25 40 29.11 10.89 90740.74 2.8362074 
1 5 3.75 1.25 83333.33 2.8829941 

34 40 28.67 11.33 94444.44 2.8138732 
72 100 75.48 24.52 81746.03 2.8934225 
5 11 8.62 2.38 72222.22 2.9594385 

42 83 58.69 24.31 97619.05 2.7952381 
1 4.5 3.30 1.20 88888.89 2.8476289 
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Boat size 
(Gross 

Tonnage) 

Total Amount of 
Woods (m3) 

Amount of 
Wood Usage 

(m3) 

Amount of 
Defect (m3) 

DPMO Sigma 

58 60 42.43 17.57 97619.05 2.7952381 
38 50 34.72 15.28 101851.9 2.7710701 
6 8 5.73 2.27 94444.44 2.8138732 

55 45 31.82 13.18 97619.05 2.7952381 
14 24.79 17.77 7.02 94444.44 2.8138732 
4 11.49 8.23 3.26 94444.44 2.8138732 
5 12.82 9.19 3.63 94444.44 2.8138732 
2 8.83 6.92 1.91 72222.22 2.9594385 

25 39.42 29.13 10.29 87037.04 2.8592289 
4 11.49 8.23 3.26 94444.44 2.8138732 
2 8.83 6.62 2.21 83333.33 2.8829941 

40 39 28.38 10.62 90740.74 2.8362074 
11 25 18.75 6.25 83333.33 2.8829941 

Average 40.505 29.52 10.99 89743.23 2.84 
 

From the results of the DPMO calculation and the sigma value in Table 1, it can be concluded that the 
capability of the traditional ship building process that has been interpreted in one million opportunities exist, there 
will be 89743.23 possible failure of the traditional ship building process with sigma value of 2.84 
 
3.3 Analyze Stage 
 

In this analyze stage, we analyze the root cause of CTQ such as: the error of wood cutting, the crack at the 
assembly process, and the crack at wood bending using fishbone diagrams.  

 
3.3.1 Fishbone Diagram 
 

The error of wood cutting 

Man

Measure

the labors’ negligence in wood cutting 

No record of cutting size

Traditional cutting measurement method

 
 

Figure 3. Fishbone diagram of the error of wood cutting 
 

The first critical factor to quality is the error of wood cutting. Based on the analysis of the error of wood 
cutting as shown in Figure 3, the root cause of the problem are known as follows: 
1. Man: Related to the labors who were still negligent in the wood cutting process. Based on the results of the 

interview, it was known that the main cause of the labors’ negligence in wood cutting was due to the no record 
of the wood cutting size to be carried out. 
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2. Measure: Related with the traditional wood cutting method that was still carried out, so that it caused frequent 
cutting errors. 

 

Crack at the assembly process

Man

Measure

Material

labors were less 
skilled 

No wood assembly training yet

the use of supporting materials 
that easily corroded

Lack quality of the supporting 
material used

Less precise of bolt hole measurement

 
Figure 4. Fishbone diagram of the crack at assembly process 

 
The second critical factor to quality is the crack at assembly process. Based on the analysis of the crack at 

assembly process as shown in Figure 4, the root cause of the problem are identified as follows: 
1. Man: Related to the labors who were less skilled in the wood assembling process. Based on the results of 

interviews that had been conducted, it was known that the main cause of labors’ less skill was because there 
was no wood assembly training program conducted by the traditional shipyard. 

2. Material: Related to the use of supporting materials that easily corroded. Based on the results of interviews that 
had been conducted, it was known that the main cause of the easily corroded materials was due to the quality 
of the supporting material used which less good. 

3. Measure: Related to the bolt holes measurement method that was less precise, causing frequent cracks during 
the wood assembling process. 

 
 

Crack at wood bending with fire

Man MachineMaterial

Measure Method

Negligent 
labors

The workers were less skilled
Less quality of wood

Inappropriate wood selection

No calculation of slope measurement 
for wood bending

The fire is difficult 
to handle

Traditional 
combustion

 method

No combustion training yet
iron buffer 

damage 

Less quality of iron

No measurement support 
for the combustion process

Figure 5. Fishbone diagram of the crack at wood bending with fire 
 

The third critical factor to quality is the crack at wood bending with fire. Based on the analysis of the crack at 
wood bending with fire as shown in Figure 5, the root cause of the problem are discussed as follows: 
1. Man: Related to labors who were less skilled in combustion process. Based on the results of interviews that had 

been conducted, it was known that the main cause of labors’ less skill was due to the no burning training 
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program conducted by the shipyard. In addition, labors were also often found negligent in carrying out their 
duties that causing cracks during the combustion process. 

2. Machine: Related to the damage of the iron buffer used in combustion process. Based on the results of 
interviews that had been conducted, it was known that the main cause of iron buffer damage was because of the 
lack quality of iron. 

3. Material: Related to the low quality wood. Based on the results of interviews that had been conducted, it was 
known that the main cause of low quality wood was due to the quality selection from the appropriate wood 
material. 

4. Method: Related to the combustion fire which difficult to control. Based on the results of interviews that had 
been conducted, it was known that the main cause of that problem, because the combustion method used was in 
traditional mode. 

5. Measure: Related to the absence of measurement support for the combustion process and the slope 
measurements calculation for the wood bending process, which caused frequent cracks during the combustion 
process. 

 
3.3.2 FMEA Method 

After identifying the root cause using fishbone, the further step was to do an RPN assessment using the 
FMEA method. The data used in the RPN calculation was the assessment result of the questionnaires distribution 
related to how much impact was felt from the causes, the frequency of causes’ occurrence, and the detection of 
causes that were interpreted into numerical units using the formula: 
 
RPN = S x O x D 
 

Table 2 was the result of RPN calculation from each potential failure mode in the waste of error cutting, cracking 
due to assembly, and cracking due to burning. 

 
Table  1 Table of FMEA  

Potential 
Failure Mode Causes RPN Value 

Resp.1 
RPN Value 

Resp.2 
RPN Value 

Resp.3 

Total 
Average of 

RPN 

Cutting 
Error 

No record of cutting size 3 224 30 85.7 
Traditional cutting measurement 
method 8 35 4 15.7 

Assembly 
Crack 

No wood assembly training yet 96 40 4 46.7 
Lack quality of the supporting 
material used 162 48 20 76.7 

Less precise of bolt hole 
measurement 9 42 6 19 

Combustion 
Crack 

No combustion training yet 140 5 504 216 
Negligent labors 8 40 6 18 
Less quality of iron 40 48 35 41 
Inappropriate wood selection 252 120 8 126.7 
Traditional combustion method 16 25 1 14 
No measurement support for the 
combustion process 189 54 10 84 

No calculation of slope 
measurement for wood bending 48 315 560 307.7 

 
Based on the results of the RPN calculation value in Table 2, it can be recommended to prioritize the problems 

handling to be solved at the two highest RPN values of each type of waste as shown in Table 3. 
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Table 3. The two highest RPN values in each failure mode and its causes 
Potential Failure Mode Causes Average RPN Value 

Cutting Error No record of cutting size 85.7 
Traditional cutting measurement method 15.7 

Assembly Crack Lack quality of the supporting material used 76.7 
No wood assembly training yet 46.7 

Combustion Crack No calculation of slope measurement for wood bending 307.7 
No combustion training yet 216 

 
3.4 The Improvement  Stage 

After obtaining the root causes of the priority issues to be repaired, at this stage the proposed improvements 
were made at the two highest RPN values. Proposed improvements that could be given to the cause of the problem 
were shown in Table 4. 

 
Table 4. The proposed improvement in each failure mode 

 
Potential Failure 

Mode Causes Average RPN 
Value Proposed Improvements 

Cutting Error No record of cutting size 85.7 Making record on work 
Traditional cutting measurement method 15.7 Developing the facility  

Assembly Crack 

Lack quality of the supporting material 
used 76.7 Sorting in a time of material 

purchasing 

No wood assembly training yet 46.7 Making an assembly training 
program for labors 

Combustion 
Crack 

No calculation of slope measurement for 
wood bending 307.7 Doing the Brainstorming 

together with experts  

No combustion training yet 216 Making combustion training 
program for labors 

 
3.5 The Control Stage 

The last stage in the six sigma series is the control stage. The following data below are concrete steps in 
applying proposed improvements based on the two highest RPN values for each type of waste: 

1. Making a work record: shipyard’s recording can be done using the help of a notebook or Ms. Excel by 
making a size chart. So that, when doing the cutting process, labors will not forget the size should be cut. 
This is the example of simple tables for wood cutting sizes: 

No Cutting Model Length Width Height 
1 Square Cutting 60cm 15cm 200cm 

2. Developing facilities: one of the proposals that can be given for the traditional wood measurement method 
that is to develop measurement facilities using measuring aids such as angle gauges, roll meters, elbows, 
screw micrometers, and calipers. If the company's ability is adequate, companies can use measurement 
facilities with automatic machines such as CNC (Computer Numerical Control) machines. With this CNC 
machine, the company can directly enter the desired cut size, and automatically the wood or material will 
be cut perfectly. 

3. Sorting at the time of purchasing the material: to reduce the risk of the material quality used is not good, 
so the proposal that can be given is by sorting at the time of material purchase. Sorting can be done on the 
quality of materials, material prices, or even the ease of the shipyard in obtaining the material. 

4. Making assembly training programs for labors: based on the cause of the problem there was no assembly 
training for labors, then the proposal that can be given is to attend an assembly training program on the 
workforce. This training program aims to standardize the ability or knowledge of the labors from 
beginner, medium, and expert labor in assembly process. The training program can be in the form of 
seminars, certifications, and knowledge sharing together with experts in boat assembly. 

5. Brainstorming with experts: to be able to determine the calculation of the slope measurement of the wood 
bending process, the shipyard can work together with experts in the field of wood bending for boat 
building to do brainstorming related to the determination of calculations that can later be used by the 
shipyard, so cracks do not occur again during the combustion process. 
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6. Creating a burning training program on labors: based on the causes of the problem in the absence of 
burning training on labors, so the proposal that can be given is to take part in a burning training program 
for labors. This training program aims to standardize the ability or knowledge of the labors both beginner, 
medium, and expert in combustion process. The training program can be in the form of seminars, 
certifications, and knowledge sharing together with experts in boat assembly. 

4. Conclusion and Implications 
 
We have implemented six sigma measured the performance of traditional boat building industry in East Java, 
Indonesia. The existing performance shows the sigma value of 2.84. It was found that there were 3 CTQ, such 
as: the error of cutting, crack due to assembly, and crack due to burning for wood bending. These main 
problems were analyzed using fishbone diagram. The results showed that the potential causes of cutting error 
are no record of cutting size and traditional cutting measurement method. Meanwhile, the potential causes of 
assembly crack are lack quality of the supporting material used and no wood assembly training yet. Finally, the 
potential causes of combustion crack are no calculation of slope measurement for wood bending and no 
combustion training yet. Several improvements are proposed ranked by RPN values such as: developing 
facilities of automatic machines, sorting material at the time of purchasing, creating training program for 
burning and assembly, and brainstorming with some experts. We expect that in control stage, the proposed 
improvement are monitored and evaluated so that the boat building industry performance can be boasted 
through six sigma.  
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