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Introduction

In a competitive business environment, companies must maintain the quality of their products and
service to survive, achieve customer satisfaction, and expand new markets. Service quality can
influence client satisfaction, from four aspects, those are reliability, responsiveness, assurance, and
tangibility. Delivering service on time is one aspect of reliability, which is considered as a most
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important dimension of service quality (Sunindijo ¢z a/., 2014). The company’s ability to maintain
its service quality lead to business success.

Higher quality leads to higher production costs which mean a higher price. The quality cost
concept sees the cost from a comprehensive perspective to measure the company’s sacrifice to
achieve quality. An optimum strategy for maintaining quality enables the company to increase its
profit and competitive advantage. Companies need to implement priorities in managing their
quality costs effectively with quality cost management, otherwise, resources may be misallocated.

Company X, a medium-scale shipyard, works on orders to build new ships based on a
government and private sector contract. The custom order is treated as a project-based order and
managed by a project manager. Technically, the production process is grouped into three major
parts, namely the design work, material procurement, and construction (Basuki ez /., 2012) within
a range of 3-12 months of the production process. The contract mentions technical and financial
aspects such as payment terms, bank guarantee, insurance, warranty, and penalties for completion
delay and non-conformance. Further, the contract may involve other parties, such as an
independent surveyor, classification, and government agent as permit issuance.

The main issue in the company is delays in project completion. Historically, most orders
have been delayed and subject to fines of up to 5% of the contract value which will reduce the
company's profits, poor performance record, and less reliability. Various management preventive
and corrective actions have not shown significant results, so it is necessary to analyze deeper into
the root cause so management can make the right strategic policies, then evaluate them ongoing,.

In the long run, low-service quality will become an obstacle for companies to develop and
expand into new markets which tend to demand higher quality and timeliness. Improving quality
can increase firm value because profitability will increase as customer demand increases and
production costs decrease (Hansen & Mowen, 2018). Increasing the prevention cost lowers the
cost of failure in a much larger number (Eraslan & Onal, 2021). The total quality cost will be
decreased, if not the prevention costs reached a saturation point, and exceed the saving. The cost
of quality is zero when the product meets the target value, and the cost of quality increases
symmetrically for products that deviate from the target (Hansen & Mowen, 2018).

In the industrial field, some research proposed and implement some methods to determine
potential root causes and their causal effect in quality matter using engineering perspective, such
as Failure Mode and Effect Analysis (FMEA) method (McDermott e al., 2009; Wu et al., 2021)
which further combined with fuzzy logic to improve the FMEA method (Cardiel-Ortega & Baeza-
Serrato, 2023), hybridization of Cause and Effect Diagram (CED) and Interpretive Structural
Modelling ISM) (Abellana, 2020), Root Cause Failure Analysis (RCFA) (Huff & Lynaugh, 2001)
and Automated Root Cause Analysis (ARCA) (E Oliveira e al., 2023). Those researches described
appropriate techniques to determine root causes and then prioritize the actions based on the logical
or technical matter to solve the quality problem. Financial aspects are not taken into primary
consideration, which leads to an unoptimized solution or higher production cost.

This research intended to solve completion delay issue, by considering both engineering
and financial sides and optimized the strategy. This research proposes a comprehensive technique
using the ISM as a root cause analysis tool in manufacturing and Quality Cost model application
to balance engineering and financial perspectives. ISM analysis is used to determine the priority
among quality costs. The PAF quality cost model can be applied, then treated as performance
indicators for each activity (Tambunan, 2022). This approach is intended to address the
complexities of strategic quality management.

Literature Review
Theory of Constraint and Operational Measures

Theory of Constraint (TOC) is a management tool that assumes that any controllable system is
constrained by some constraints in achieving other of its goals (Jacobs & Chase, 2020; M. C. Gupta
& Boyd, 2008; Simatupang ef al, 2004). According to TOC, there is always at least a single
constraint, and TOC implements a focus process to identify the constraint and restructure the rest
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of the organization around it.(Orouji, 2016), primarily concerned with the reduction of constraints
focuses on the enhancement of systems (Nave, 2002).
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Figure 1. Integrated TOC Framework (M. Gupta ¢z a/., 2002)

A system, in this context, is characterized as a sequence of interrelated processes. A fitting
comparison for a system is the chain, which comprises a collection of interdependent links that
collaborate to achieve a common objective. The constraint, in this context, is a vulnerable link that
hinders the system's overall performance. The main focus of TOC as a management improvement
method further compared with other method such as Six Sigma which is all about reducing
differences, while lean methods are about reducing waste, and TOC is mainly about getting rid of
obstacles. Further, the management can choose the application based on its typical using five
sequential steps, namely: (1). Identification of the constraint, (2). Exploitation of the constraint,
(3). Subordination of other processes to the constraint, (4). Elevation of the constraint, and (5).
Repetition of the cycle.. (Nave, 2002) The overall system's performance is reassessed through the
identification of new constraint processes, their exploitation, subordination, and subsequent
evaluation. This method, which focuses on constraints, yields positive effects on the production
flow time throughout the system.(Orouji, 2016).

Improving performance from TOC perspectives are measured by throughput, inventory,
and operating expense, which are represented with some financial indicator such as Net Profit,
Return on Investment, and Cashflow. (M. Gupta ef al., 2002). Figure 1 show how the process of
improvement guarantees that operational decisions are made to enhance throughput, while
simultaneously reducing inventory and operating expenses.

Market demand is the main factor affecting throughput. Removing constraints in
throughput can increase sales and boost company profits, as long as the market is not saturated.
The main objective is to identify the constraints that hinder the company's ability to achieve optimal
throughput. These constraints may be related to production, sales, or distribution channels (M. C.
Gupta & Boyd, 2008).

Reducing inventory is crucial for businesses to increase profitability. Inventory ties up a lot
of capital that doesn't generate revenue. By reducing inventory, businesses can free up capital to
increase throughput. The theory of constraints defines inventory as all investments related to
throughput, including production facilities, equipment, raw materials, parts, and finished products
that haven't been sold. For example, reducing wait times in the production line can increase
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throughput and decrease inventory simultaneously (M. C. Gupta & Boyd, 2008).

TOC application looked at different business areas and found four main categories:
distribution & logistics systems, project management, manufacturing, and general management.
Currently, TOC combined with other math models to find important issues.(Melendez ez a/., 2018),
such as TOPSIS method and Monte Carlo simulation (Stopka ez a/., 2023).

Strategic Cost Management

Strategic cost management refers to the application of cost management strategies aimed at
enhancing a company's strategic position while effectively managing its costs. This approach
involves the integration of cost-related data into the decision-making process to support the overall
organizational strategy. To develop a strong strategic position, it is important to separate costs that
support it from those that could harm it. Then, focus on reducing the costs that could harm the
company's position.

Effective strategic management is a crucial factor in the success of any company or
organization. The rise of competition in the global market, advancements in technology, and
changes in business processes have made management more dynamic and significant than ever
before. It is imperative for managers to maintain a competitive attitude, and the company's
competitive strategy is vital for this purpose. A strategic mindset enables managers to anticipate
changes in demand and customer needs, and accordingly design products and production
processes. In such a scenario, flexibility is imperative. (Rounaghi ez 4/, 2021).

Strategy costs should be measured and optimized before executed. Quality costing can
focus management attention and strategy to solve failure sources and their costs (Jafari & Rodchua,
2014). The strategy can be optimized using certain quality model. The most Quality Cost model
used is Prevention-Appraisal-Failure Model (PAF Model) (Eraslan & Onal, 2021; Jafari & Rodchua,
2014; Schiffauerova & Thompson, 20006), with suppositions that investment in prevention and
appraisal activities will reduce failure costs, further investment in prevention activities will reduce
appraisal costs (Modhiya & Desai, 2010).

Figure 2 shows the relationship among categories. There is a positive relationship between
prevention costs and quality level. Through increasing prevention costs, failure costs will be
reduced. This will improve quality which in turn will positively affect the level of customer
satisfaction and brand image and will lead to increased performance (Ghunaim & Jaaron, 2021).
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Figure 2. Graphical Representation of Prevention, Failure and Total Costs
(Santhoshn & Melwynrego, n.d.).
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Process Design and Process Control

The process design phase involves the strategic planning of resources, tasks, and training required
for the successful manufacture of a new product. The engineer should have manufacturing
experience to understand the available process options and potential design flaws that may lead to
suboptimal production processes (Schroeder ¢ al., 2021). It is recommended to conduct concurrent
engineering, in which both process and product design are done in parallel to enhance the
production process before finalizing the product design. Its main advantages are reducing
misalignment and shortening project completion times in various industries. In the
implementation, process control may use information technology to track and control a physical
process (Heizer et al., 2019).

| Concept Development|

L . Preliminary Process
—» Product Design < > .
Design
. Pilot »| Final Process Design
Production/Testing

Figure 3. Parallel Process Design and Product Design (Schroeder ez a/., 2021)

Hypotheses

Shipbuilding is a unique process which combines construction and manufacturing business nature,
although most nature is a construction. The completion delay issue in construction often happened
(Abeysinghe & Jayathilaka, 2022; Assat & Al-Hejji, 2006; Shahhossein e al., 2017), especially in
shipbuilding (Gazali & Baroroh, 2022; Harlan & Resda, 2019; Prihandono, 2017). Prior literature
mentioned the cause of completion delay were shortage skilled subcontractors or suppliers,
financial difficulties of contractors, poor planning and scheduling (Abeysinghe & Jayathilaka, 2022),
delay in progress payments, late in reviewing and approving design documents, change orders by
owner during construction (Assaf & Al-Hejji, 20006), poor cash flow, inadequate financial resources,
and volatility in financial markets (Shahhossein ¢f a/, 2017), delays to deliver engineering drawings
and equipment, unpredictable events such as bad weather, absenteeism, and staff turnover (Mello
et al., 2015). Every company have certain variables cause completion delay issue that should be
identified, analyzed, and determined the root cause. The question will be formulized as Q1: What
are the root causes of completion delay of shipbuilding in Company X?

To overcome the issue, management need to design focused strategic plan, which are
answered in Further Q2: What are management strategies to solve the root causes

PAF Quality Cost Model is a tool of the strategic cost management which can measure the
activity to achieve desired quality target. Referring PAF model, the completion delay cost was
classified as failure cost (Modhiya & Desai, 2016). The company strategy to solve the failure was
prevention and appraisal activities. Any difference from target quality value will result in quality
costs or losses, so a product must be precise to specification (Ghunaim & Jaaron, 2021). Futher,
the next question the Q3: How do the quality cost model can be applied to problem solving? Figure
4 show the relationship among questions.



140 | Using interpretive structural modelling and quality cost model to solve project ...
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Figure 4. Conceptual Framework

Research Methods

This case study used a qualitative and quantitative approach in case study. The principle of case
study is found in the duality of being situationally grounded, but at the same time, seeking a sense
of generality (Ketokivi & Choi, 2014). This study designed as a theory-generating case study due
to limitation of literature and theory to understand the phenomenon. It used multiple project case
look for both similarities and differences across projects cases and proceed toward theoretical
generalizations.

The qualitative research explores the possible variable influenced the issue and may detect
other hidden variables. The qualitative research is used to gathering, evaluating, and interpreting
non-numerical data, using behavior and opinion observation to discover on patterns in data sets,
like changes over time, and attempt to discover potential links among variables (Saha, 2022).
Quantitative research techniques rely on numerical, objective, and trustworthy data, then assessed
using mathematical and statistical techniques (Saha, 2022). It creates and tests associations between
variables in investigating the truth by historical data. It involves the development of research
questions and testing hypotheses (Olalere, 2011). The mixed method research, which blends
qualitative and quantitative methods, has gained enormous appeal in the field of accounting
research in recent years (Saha, 2022) and give more comprehensive discussions. Although
quantitative methods used broadly on accounting research, the qualitative approach has a sizable
use in order to develop novel theories that could subsequently be tested by quantitative methods
(Bonner et al., 2000).

The object of the research is PT X, a middle size shipyard which located in Jakarta as the
research object. The research methods conducted through three stages. First stage, a brief literature
review on the construction delay issue in shipyard business, quality cost model, and strategic cost
management. In-depth interviews were used to gather information from respondents about the
relevant potential causes for completion delay in 5 recent years. Interview was conducted to 6
members of the management team of different divisions in semi-structured form to obtain diverse
perspectives so as to strengthen the validation of the results of analysis. The respondents are
Director, Project Manager, Engineering Manager, Finance Manager, Logistic Manager and
Marketing Manager.

All valid potential causes were listed in Questionnaire A for completion delay causes then
answered by respondents to give opinion about causal relationship among factors, and analyzed
using Interpretative Structural Modelling (ISM). ISM is a method for identifying causal
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relationships among variables (Shrivas & Singla, 2022). The complexity of ISM increase along the
number of variables involved, so some variable limitation is applied for ISM model development
for complex long range planning (Attri & Dev, 2013). This approach can be used to improve
management decision making in different areas (Bolafios ez 4/, 2005). ISM can detect the transitive
relationships between the causes, by stated, “If A is related to B and B is related to C, then A is
related to C”. This feature is appropriate for root cause analysis (Abellana, 2020). The assessment
uses a linguistic scale, namely V, A, X, and O.

Table 1 shows the using linguistic rating to represent causal expression between variables.
The interaction among 16 completion delay causes were seen through 120 questions. The data
tabulated and processed using Interpretative Structural Modelling (ISM) to identify the root causes.
The ISM method is an effective tool for complex decision making (Abellana, 2020). Further, the
result showed the strategic target area should be focused by management.

Table 1. Linguistic Rating Used

Linguistic Scale Does faktor A cause factor B? Does faktor A cause factor B?
A4 Yes No
A No Yes
X Yes Yes
O No No

In the second stage, the research determined strategies to solve root causes and any quality
cost under P-A-F category related to the strategy. The determination involves prioritization which
is important because analyzing every quality cost is time consuming and inefficient (Basak ez a/,
2015).

Results and Discussion
Completion Delay Analysis

The case study focused on latest shipbuilding projects within 5 years. Potential causes for delay
issue in the new building was obtained by conducting interviews with key persons who experienced
in each section and industry. Table 2 shows 16 potential causes obtained and their interactions
assessed through Questionnaire A in Appendix 1.

Table 2. Potential Causes for Completion Delay

No Delay Causes References

Al Late payment from owner (Abeysinghe & Jayathilaka, 2022; Assaf & Al-Hejji, 2000;
Shahhossein ¢z al., 2017)

A2 Late project financing (Assaf & Al-Hejji, 20006)

A3 Low labor productivity (Aratjo-Rey & Sebastian, 2021)

A4 Bad weather (Assaf & Al-Hejji, 20006)

A5 Otder changes during production  (Abeysinghe & Jayathilaka, 2022; Assaf & Al-Hejji, 2006)

A6 Material delay (Assaf & Al-Hejji, 20006)

A7 Wrong material estimation (Mello et al., 2015)

A8  Insufficient cash flow (Abeysinghe & Jayathilaka, 2022; Shahhossein ¢# af., 2017)

A9 Late payment to supplier (Prihandono, 2017)

A10  Lack of planning (Abeysinghe & Jayathilaka, 2022; Mello ez a/., 2015)

A1l Lack of control

A12  Bad relationship with client (Abeysinghe & Jayathilaka, 2022)

Al13  Bad relationship with surveyor (Abeysinghe & Jayathilaka, 2022)

Al4  Work progress has not been (Mello et al., 2015)

achieved
Al5  Long custom clearance process (Prihandono, 2017)

A16  Insufficient labor (Abeysinghe & Jayathilaka, 2022)
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In consideration of the contextual relationship of each factor and the potential existence
of a relationship between any two factors (a and b), it is necessary to question the associated
direction of the relationship. To denote the direction of relationship between two factors (a and
b), the following four symbols are utilized as Table 1: Based on the recap data processing of the
results of questionnaire A, the SSIM matrix was formed in Table 3.

Table 3. Matrix SSIM — Completion Delay
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The subsequent phase in the ISM approach involves the creation of an initial reachability
matrix derived from the SSIM. This is achieved by replacing the four SSIM symbols (namely V, A,
X, or O) with binary digits of 1 or 0 in the initial reachability matrix. The guidelines for this
substitution are outlined as follows: (a) In the event that the (a, b) entry in the SSIM is V, the (a, b)
entry in the reachability matrix will be assigned a value of 1, while the (b, a) entry will be assigned
a value of 0. (b) If the (a, b) entry in the SSIM is A, the (a, b) entry in the matrix will be assigned a
value of 0, while the (b, a) entry will be assigned a value of 1. (c) In the case where the (a, b) entry
in the SSIM is X, the (a, b) entry in the matrix will be assigned a value of 1, and the (b, a) entry will
also be assigned a value of 1. (d) Finally, if the (a, b) entry in the SSIM is O, the (a, b) entry in the
matrix will be assigned a value of 0, and the (b, a) entry will also be assigned a value of 0. The result
of Innitial Reachbility Matrix in Table 4?

Table 4. Initial Reachability Matrix (RM) — Completion Delay

Al A2 A3 A4 A5 A6 A7 A8 A9 Al10 All Al12 Al13 Al4 Al5 Al6
Al 1 0 1 0 0 1 0 1 1 1 1 1 1 1 0 0
A2 1 1 0 0 0 1 0 1 1 0 0 0 0 1 0 0
A3 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 1
A4 1 0 1 1 0 1 0 0 0 0 0 0 0 1 0 0
A5 1 0 1 0 1 1 1 1 1 1 1 1 1 1 0 1
A6 1 0 1 0 0 1 1 1 1 1 0 1 1 1 0 0
A7 1 0 1 0 1 1 1 1 0 1 0 1 1 1 0 0
A8 0 0 1 0 0 0 0 1 1 0 0 1 1 1 0 1
A9 1 0 1 0 0 0 0 0 1 0 0 1 1 1 0 0
A10 1 0 1 0 0 1 1 1 1 1 1 1 1 1 1 1
All 1 0 1 0 0 0 1 1 0 0 1 1 1 1 0 0
Al2 1 1 0 0 1 0 0 0 0 0 0 1 0 0 0 0
Al3 1 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0
Al4 1 1 1 0 0 0 0 1 0 0 0 1 1 1 0 0
Al5 0 0 0 0 0 1 0 0 0 0 0 1 1 1 0 0
Al6 1 0 1 0 0 0 0 0 0 0 0 1 1 1 0 1
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Table 5 describe the relationship between variables by showing the reachability and
antecedent relationships that intersect at intersections. The reachability set comprises the factor
itself and any other factor that it may affect, while the antecedent set comprises the factor itself
and any other factor that may affect it. Subsequently, the intersection of these sets is determined
for all factors, and the levels of different factors are established. The factors that share the same
reachability and intersection sets are positioned at the top level in the ISM hierarchy. These top-
level factors are those that will not elevate other factors above their own level in the hierarchy.
Once the top-level factor is identified, it is excluded from consideration, and the same process is
repeated to identify the factors in the subsequent level. This process is repeated until the level of
each factor is determined. These levels are instrumental in constructing the ISM diagram.

Table 5. Reachability, Antecedent, and Intersection per variabel

Variable Reachability Set Antecedent Set Intersection
Set
Al Al A3 A4 A5 A6 A7 A8 A9 A10 A11 Al Al
A12 A13 A14 A15 A16
A2 A2 A6 A7 AB A9 A10 A12 A13 A14 A2 A2
A15 Al6
A3 A3 A14 A16 A1 A3 A3
A4 A4 A6 A7 A8 A9 A10 A12 A13 A14 A4 A4
A15 Al6
A5 A5 A6 A7 A8 A9 A10 A11 A12 A13 A5 A5
Al4 A15 A16
A6 A6 A7 A8 A9 A10 A11 A12 A13 A14 A1 A2 A4 A5 A6 A6
A15 Al6
A7 A7 A8 A9 A10 A11 A12 A13 A14 A1 A2 A4 A5 A6 A7 A7
A15 Al6
A8 A8 A9 A12 A13 A14 Al6 A1 A2 A4 A5 A6 A7 A8 A8
A9 A9 A12 A13 A14 Al A2 A4 A5 A6 A7 A8 A9 A9
A10  A10 A11 A12 A13 A14 A15 Al6 Al A2 A4 A5 A6 A7 A10 A10
All A1l A12 A13 A14 A1 A5 A6 A7 A10 Al1 All
Al12  Al2 Al A2 A4 A5 A6 A7 A8 A9 A10 Al12
A1l A12
Al13  Al3 Al A2 A4 A5 A6 A7 A8 A9 A10 Al3
Al1 A13
Al4  Al4 Al A2 A3 A4 A5 A6 A7 A8 A9 A10 Al4
All Al4
Al15  Al5 A1 A5 A6 A7 A10 A11 A15 A1l5
Al6 Al6 A1 A2 A3 A5 A6 A7 A8 A10 A16 A16

Based on the table iteration is carried out to compile the ISM diagram to provide a visual
picture of the relationship between variables as shown in Figure 5. It shows that the factors of late
payment from client (A1), delays in bank credit processing (A2), bad weather (A4), and design
changes by owners (A5) are the root causes of delays.

The specific relationship among variables in level 8, show that late payment from owner
(A1) also can cause order changes during production (A5). This situation shows client’s legitimation
to push order changes, which leads to extra work and higher delay risk. Al also cause A2 by
lengthening the bank analysis process since it increases the credit risk. A1 and A2 are related directly
to the financial aspect of project or company, means that the company need to review its working
capital and cash management. A4 able to cause A5 by design modification as a response to bad
weather incidents.

Based on Table 4 processed using the concept transitivity, then the final reachability matrix
is obtained. The affordability of the matrix to provide the 'driving power' (power of influence) and
the 'power of dependency' of every enabler. Thus, in the last reachability matrix table, in which the
driving force for Al (Late payment from owner) is the total number of values entered in the row,
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namely 13. Meanwhile, the value of 'dependence power' for Al (the number of entries in column)
is 4. Similarly, the values of 'driving force' and 'dependence power' calculated for all remaining
enablers, as shown in Table 6.

Level 1

Level 2

Level 3

Level 4

Level 5

Level 6

Level 7

Level 8

Figure 5. ISM Diagram — Completion Delay

Table 6 shows how strong the driving power and dependence level of each variable are in
driving completion delays so that it can be used to know the characteristic of each factors. The
root causes characteristic is the factor with the highest driving force and the lowest level of
dependence.

Table 6. Final Reachibility Matrix

Driver

Al A2 A3 A4 A5 A6 A7 A8 A9 Al10 All Al12 Al13 Al4 Al5 Alo6 Power Dep
Al 1 0 1 0o 0 1 0 1 1 1 1 1 1 1 0 0 13 14
A2 1 1 0O 0 0 1 0 1 1 0 0 0 0 1 0 0 11 3
A3 1 0 1 o o0 o0 o0 0 0 0 0 0 0 1 0 1 4 13
A4 1 0 1 1 0 1 0O 0 0 0 0 0 0 1 0 0 11 1
A5 1 0 1 0 1 1 1 1 1 1 1 1 1 1 0 1 14 4
A6 1 0 1 0o o0 1 1 1 1 1 0 1 1 1 0 0 13 8
A7 1 0 1 0 1 1 1 1 0 1 0 1 1 1 0 0 14 8
A8 0 0 1 o o o0 0 1 1 0 0 1 1 1 0 1 7 10
A9 1 0 1 o o0 o o0 0 1 0 0 1 1 1 0 0 6 8
A10 1 0 1 0 0 1 1 1 1 1 1 1 1 1 1 1 13 7
All 1 0 1 0O 0 0 1 1 0 0 1 1 1 1 0 0 8 6
Al12 1 1 0 0 1 0O 0 0 O 0 0 1 0 0 0 0 4 14
Al13 1 0 1 0 1 0O 0 0 O 0 0 0 1 0 0 0 4 14
Al4 1 1 1 0o o0 o0 0 1 0 0 0 1 1 1 0 0 7 14
Al5 0 0 O 0 o0 1 0 0 O 0 0 1 1 1 0 0 5 6
Al6 1 0 1 0O 0 o0 0 0 O 0 0 1 1 1 0 1 6 9
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Matrice d’Impacts croises-multiplication applique an classment (MICMAC Analysis) is a
way to study the power of different factors which means cross-impact matrix multiplication applied
to classification (Attri & Dev, 2013). The goal of this analysis is to discover which factors are
important and which ones depend on others. The MICMAC principle uses matrix multiplication
to identify key factors in different categories. There are four categories: autonomous factors,
linkage factors, dependent factors, and independent factors, as shown in Figure 6.

Some factors are called "autonomous" because they are not strongly connected to the
system and have little influence on it. Other factors, called "linkage" factors, have a lot of influence
on the system and are connected to many other factors. There are also "dependent” factors, which
have little influence but are strongly affected by other factors, and "independent" factors, which
have a lot of influence but aren't affected much by other factors. The most important factor, called
the "key factor," is usually an independent or linkage factor. Figure 6 shows that Variable A2, A5,
and A4 is located in independent quadrant with the characteristics of having high driving power
and low dependence. Meanwhile variable Al is in the linkage quadrant, with the characteristics of
having high driving power and high dependence.

At the end of ISM analysis, comparing the result in Figure 5 that conclude variable A1, A2,
A5, and A4 are the root causes of completion delay issues and Figure 6 that show those variables
are key factors because located in independent and linkage quadrant.

PLOT Of Dependence Power and Driving Power
A7)
—9

Driving Pawsr
=

Dapandanca Pawar

Figure 6. MICMAC Diagram — Completion Delay

Management Strategy

The basic step using TOC framework is identification of the constraint.(M. C. Gupta & Boyd,
2008) ISM analysis shows that financial aspect is one of the major constraints which represented
by variable A1 and A2. Other constrains are the technical aspect namely A3 and A5 related to order
change request (A3) and bad weather(A5). Based on TOC operational measure, financial constraint
may influence the throughput and operating expense. The delayed delivery is a reflection of
decreased throughput, and the higher operating expense may be caused by higher production costs,
and penalties. The drawing changing request and bad weather related to higher operating expense
and decreased throughput. Issue in throughput and operating cost will decrease net profit, ROI,
and negative cashflow simultaneously.

The financial issue seldom discussed in production management. Few researchers in
operations management have included financial factors in their inventory or production decisions.
However, there is a lot of literature on inventory control, capacity expansion, and supply chain
management. Most models for these decisions assume that the company can always finance its
optimal production or inventory level without considering financial limitations. In reality, many
companies face financial constraints and rely heavily on external capital. Debt is a common
occurrence across all firms. (Xu & Birge, 2004).

The next step using TOC framework, management should exploit the financial and
technical constrain. Overcome the financial constraint, management need to concern about the
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contract items related to payment terms, documents and procedures from the owner. The optimal
scenario entails the presence of a substantial down payment and a multitude of payment options.
Conversely, the absence of such provisions may result in the potential for project delays. Billing
requirements and documents also important. Some contracts require a bank payment guarantee in
the amount of the payment. The company need to prepare adequate non-cash loan facilities or
counter guarantees.

The third step is subordination of other processes to the constraint. Usually the billing
process done by marketing department and the document supported by finance department. The
down payment collection began after signing the contract, but the progress term billing would be
carried out after work progress pass the threshold. If the progress of work is late, then the billing
process will also be late. Management needs to revise the target in accordance to billing milestone
target. So that work target will be achieved, billing runs on time, and the risk of delays can be
avoided. The delay in financing process is crucial. The company should ensure the facility and its
consequences within tender period. Management must choose banking partners that responsive
and fast credit process, especially in terms of project financing. Procurement strategy also can be
used as alternatives to overcome the constraint by using certain timing and volume (Priya ez a.,
2023).

The design change factor can be managed by extra work clause in contract. The
consequences of extra work are extra charges and longer contract duration for the company. An
agreement is needed with the owner at the beginning of the contract regarding the finalization of
the design. Using the concurrent engineering process as described in Figure 3 may avoid
misalignment and shortening project completion times (Heizer ez al., 2019) The design process can
be divided per production stage, and approval is requested from the owner in stages as well. So
that the process of finalizing the design of each stage can be done more carefully. Phased
agreements also provide room for both parties if any changes are needed.

The weather factor is one of the determining factors. So that during the tender, the
company can choose order with enough duration to anticipate year-end weather. Work method
modification is an option by can be done. Company can add the closed area to avoid the risk of
heavy rain. Local weather forecasts may be advantages.

Weather events such as high waves, continuous rain, strong wind, also affect the delivery
process and increase the risk for ship delivery. Companies can anticipate the delivery by using bulk
cargo, or build ships in closer areas and sheltered from monsoons and year-end winds.

Further, the management may decide to elevate the constraint. However, elevating the
constraint is not always necessary. It is a strategic decision in project management whether to do
so or not (Ronen & Pass, 2008). The strategies should consider cost and benefit measurement.
Each strategy will have traceable and hidden cost consequences.

The other interesting issue related to relationship mapping among variables in level 8, show
that late payment from owner (A1) also can cause order changes during production (A5) Figure 5.
This situation shows client’s legitimation to push order changes, which leads to extra work and
higher delay risk. As an external shareholders, client will generate risks related with financial ability,
changing needs, claims, and possession of site (Ibrahim, 2015) Most cases, clients want the team
to deliver the project as fast as possible because the longer it takes to implement, the longer their
money sits idle without generating any returns. Unless, the projects start before client needs are
fully defined. (Pinto, 2020). The management need to emphasize the project scope and scope
management. The project scope everything about a project, includes all the work and results of a
project. It lists all the tasks, resources used, and final products, including quality standards. Scope
management is the way to control a project's goals from start to finish. It includes planning,
defining, doing, and ending the project. It's the foundation for all project work and is the result of
planning before starting the project.

Quality Cost Model

The quality cost model that will be used is the PAF model, with consideration of its simplicity.
Prevention costs are related with the design, implementation, and maintenance of quality
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management system, or any action is taken to investigate, prevent, or reduce the risk of
nonconformity or defect (Modhiya & Desai, 2016). Quality planning involves designing,
implementing, and managing the quality system, auditing the course, supplier surveys, and process
improvements.

Based on the PAF model, project delays are a form of failure that can be measured by
Failure Cost, which needs to be prevented by Prevention Cost, and tested by Appraisal Cost.
Payment delays categorized as internal failure costs, whose cost measurements involve traceable
and hidden costs (Basak e @/, 2015), similar with bank process delay, bad weather, and design
changes. Based on company strategy (S1, S2, S3, and S4) it is possible to determine quality costs
and measurement.

Table 7 shows a PAF cost structure sample. Company strategy to ensure the owner’s
payment promptly (S1) will cost invoice and document preparation (PC11), bank guarantee
preparation (PC12), and owner review (AC11), in order to avoid completion delay (FC00) and
payment delay (FC11).

Table 7. PAF Model Proposed

No Strategy PAF Cost Measurement

Prevention Cost

PC11 S1 Invoice and document preparation cost Labor cost

PC12 S1 Bank guarantee preparation cost Bank fee

PC21 S2 Document preparation for bank guarantee Activity cost

PC22 S2 Standby loan provision cost Bank fee

PC23 S2 Standby loan administration cost Bank fee

PC41 S4 Re-arrange work process Labor Cost

PC42 S4 Insurance for delivery Insurance cost

PC43 S4 Faster shipping cost Shipping cost

PC51 S5 Customer requirement review Labor cost

PC52 S5 Design confirmation per phase Activity cost
Appraisal Cost

AC11 S1 Invoice and document review cost Review cost per document

AC21 S2 Bank review cost Review cost per document
Failure Cost

FC00 SO Project late fees penalties

FC11 S1 Payment delay Cost of fund per delay

FC21 S2 Bank cancellation/rejection Process cost

FC41 S4 Extra delivery cost Shipping cost

FC51 S5 Design re-drawing Activity cost

According to Figure 2, in executing each strategy the management should concern about
the optimum point that reflects the timely completion at minimum quality cost. It is an equal
amount between the prevention plus appraisal cost, and failure cost. Using this equation, the
management can make the decision in executing the strategy, related to its budget efficiently. The
management can determine the failure cost first, before decide the effort.

Table 8 show an illustration of failure cost calculation, result Rp 154.520.547 that will be
avoided. Figure 6 shows the estimated cost to avoid the failure, and stated as the budget limit to
execute the prevention and appraisal strategy. Comparing Figure 5 and Figure 6, the management
can decide to execute the strategy easily. This simple calculation can be done easily by management.
The management can refresh the variable and or the assumptions used recently by company
historical data or other technical tools. Further, PAF cost model components can be applied and
used as performance indicator for related department.
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Table 8. Failure Cost Estimation

Item Amount
Contract value Rp 12,000,000,000.
Payment invoiced Rp 5.000.000.000
Late Penalties (1/000 x days x contract value ) Rp 12,000,000 per late day
Cost of fund 12% p.a
Estimated payment delay 21 days
Estimated completion delay 10 days

Failure Cost Estimation

Completion delay (FC00) Rp 120.000.000 (10x12.000.000)
Payment delay (FC11) Rp 34.520.547 (21/365x12%x5.000.000.000)
HEstimated Failure Cost Rp 154.520.547

Table 9. Prevention and Appraisal Cost Estimation

Item Amount
Overtime for document preparation Rp 1.000,000/day
Document preparation days 10 days
Opvertime for bank guarantee preparation Rp 500,000/ day
Bank guarantee preparation days 5 days
Owner review Rp 7.000.000/docs
Prevention and Appraisal Cost Estimation
Invoice and document preparation (PC11) Rp 10.000.000 (10x1.000.000)
Bank guarantee preparation cost Rp 2.500.000 (5x500.000)
Invoice and document review cost Rp 7.000.000
Estimated Prevention and Appraisal Cost Rp 19.500.000

Conclusion

According to the finding of this research, the root cause of completion delays in company X caused
by both financial and technical factors which are interrelated and described in Figure 5. Factor of
late payment from client (A1) and delays in bank credit processing (A2) are financial related matters.
Meanwhile bad weather (A4), and design changes by owners (A5) are technical related matters.
Two of the root causes are related to financial aspects, may indicate financial problem symptoms.
The phenomenon is relevant with the industry characteristic that need high capital investment
(Hossain & Zakaria, 2017).

The management should re-evaluate the project feasibility and cashflow projection, then
accept projects that feasible, positive cashflow, and or sufficient financing. Firms that have limited
access to capital face higher costs when trying to secure external financing during capacity
expansion periods. This leads to an increase in upward adjustment costs. When activity decreases,
these firms may suffer a greater decrease in the present value of revenue generated by a marginal
capacity. This is because they have higher opportunity costs of capital and therefore higher discount
rates compared to firms with better access to capital (Rounaghi e# @/, 2021).Without financial
assurance, the completion delay risk will be higher, and the projected profit will be diminished.

The other finding is that the root caused are client related, internal related and
environmental related factors. Factor of late payment from client (A1) and design changes by
owners (A5) are client related and have causal relationship. Further it indicates critical issue of client
relationship and company lower position against the client.

The equality among parties in the construction contract should be noticed As an external
shareholders, client will generate risks related with financial ability, changing needs, claims, and
possession of site (Ibrahim, 2015). The superiority of client may cause many design changes and
on the other hand postponed the progress payment. This action may end to shipyard loss, or
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dispute. The management suggested to analyze the client characteristic more, and negotiate
contract carefully. More payment thresholds will be helpful.

Theoretical Implication

This research contributes adding literature about delay completion causes in shipyard business,
especially in medium scale shipyard. First, this research support prior researches about the causes
(Abeysinghe & Jayathilaka, 2022; Assaf & Al-Hejji, 2006; Shahhossein ez a/., 2017) which show that
late payment from client, delays in bank credit processing, bad weather, and design changes by
owners, are important factor in completion delay. Second, this research support prior research
about TOC as a management tool that assumes that any controllable system is constrained by some
constraints in achieving other of its goals (Jacobs & Chase, 2020; M. C. Gupta & Boyd, 2008;
Simatupang ez al., 2004). Third, this research support that the process design and product design
need to be done in parallel to shortening project completion time in shipbuilding (Heizer ez al.,
2019).

Practical Implication

This research determined that financial factors and client related issues are important in causing
delay in the shipbuilding process. The management can focus the attention and resources to avoid
the delay then the completion delay issues solved by using five sequential steps for management
improvement under TOC framework (Nave, 2002).

Beside this issue, the company may face other quality challenges, in which COQ approach
as an strategic cost management, can help to make effective strategy to solve the issue. The process
is started with problem identification, root cause analysis, strategy making, then execution. The
focus to root cause cost related will ease the management to make decision, because evaluate every
cost is time consuming and inefficient. Quality costs can focus on areas that have poor performance
or need improvement.(Basak ez a/., 2015).

Future Research

This research was conducted using a case study method, in which the data and discussions specific
to single company. The conclusion related to problem and root cause may not be applied totally to
other company, but the framework may be applicable. Future research can investigate other issue
using TOC framework, combine TOC with other models to conduct root cause analysis, and the
COQ model implementation in shipyard management.
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Appendix 1. Questionnaire A

Questionnaire A
Completion Delay

Dear Sir/Madam,

As part of my research about Completion Delay Causes in your company, please give your opinion
regarding the relationship between factors as listed below. The following questions will be used for
analytical use only and your answer will be confidential.

Put a check mark (\/) to the relationship that most suitable according your knowledge and
experience in column V, A, X, or O. Assessment only given once per row.

V = Factor A causes factor B
A = Factor B causes factor A
X = Factor A causes factor B and Factor B causes factor A
O = Factor A and factor B are not related each other

Relationship type

No Factor A Vv A X O Factor B
1 Al Late payment from Owner Late Project Financing A2
2 Al Late payment from Owner Low labor productivity A3
3 Al Late payment from Owner Bad weather A4
4 Al Late payment from Owner Otder changes during A5
production
5 Al Late payment from Owner Material delay A6
6 Al Late payment from Owner Wrong material estimation A7
7 Al Late payment from Owner Insufficient cash flow A8
8 Al Late payment from Owner Late payment to supplier A9
9 Al Late payment from Owner Lack of planning A10
10 Al Late payment from Owner Lack of control All
11 Al Late payment from Owner Bad relationship with client Al12
12 Al Late payment from Owner Bad relationship with surveyor ~ A13
13 Al Late payment from Owner Work progress has not been Al4
achieved
14 Al Late payment from Owner Long custom clearance process  Al5
15 Al Late payment from Owner Insufficient labor Al6
16 A2 Late Project Financing Low labor productivity A3
17 A2 Late Project Financing Bad weather A4
18 A2 Late Project Financing Otrder changes during A5
production
19 A2 Late Project Financing Material delay A6
20 A2  Late Project Financing Wrong material estimation A7
21 A2 Late Project Financing Insufficient cash flow A8
22 A2 Late Project Financing Late payment to supplier A9
23 A2 Late Project Financing Lack of planning A10
24 A2  Late Project Financing Lack of control All
25 A2 Late Project Financing Bad relationship with client Al12
26 A2 Late Project Financing Bad relationship with surveyor — A13
27 A2 Late Project Financing Work progress has not been Al4
achieved
28 A2 Late Project Financing Long custom clearance process  A15
29 A2 Late Project Financing Insufficient labor Al6
30 A3  Low labor productivity Bad weather A4
31 A3 Low labor productivity Otrder changes during A5
production
32 A3 Low labor productivity Material delay A6
33 A3 Low labor productivity Wrong material estimation A7
34 A3 Low labor productivity Insufficient cash flow A8
35 A3 Low labor productivity Late payment to supplier A9
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85
86
87
88
89

A3
A3
A3
A3
A3

A3
A3
A4

A4
A4
A4
A4
A4
A4
A4
A4
A4

A4
A4
A5
A5
A5
A5
A5
A5
A5
A5
A5

A5
A5
A6
A6
A6
A6
A6
A6
A6
A6

A6
A6
A7
A7
A7
A7
A7
A7
A7

A7
A7
A8
A8
A8
A8
A8

Using interpretive structural modelling and quality cost model to solve project ...

Low labor productivity
Low labor productivity
Low labor productivity
Low labor productivity
Low labor productivity

Low labor productivity
Low labor productivity
Bad weather

Bad weather
Bad weather
Bad weather
Bad weather
Bad weather
Bad weather
Bad weather
Bad weather
Bad weather

Bad weather

Bad weather

Order changes during production
Order changes during production
Order changes during production
Order changes during production
Order changes during production
Order changes during production
Order changes during production
Order changes during production
Order changes during production

Order changes during production
Order changes during production
Material delay
Material delay
Material delay
Material delay
Material delay
Material delay
Material delay
Material delay

Material delay

Material delay

Wrong material estimation
Wrong material estimation
Wrong material estimation
Wrong material estimation
Wrong material estimation
Wrong material estimation
Wrong material estimation

Wrong material estimation
Wrong material estimation
Insufficient cash flow
Insufficient cash flow
Insufficient cash flow
Insufficient cash flow
Insufficient cash flow

Lack of planning

Lack of control

Bad relationship with client
Bad relationship with surveyor
Work progress has not been
achieved

Long custom clearance process
Insufficient labor

Otrder changes during
production

Material delay

Wrong material estimation
Insufficient cash flow

Late payment to supplier

Lack of planning

Lack of control

Bad relationship with client
Bad relationship with surveyor
Work progress has not been
achieved

Long custom clearance process
Insufficient labor

Material delay

Wrong material estimation
Insufficient cash flow

Late payment to supplier

Lack of planning

Lack of control

Bad relationship with client
Bad relationship with surveyor
Work progress has not been
achieved

Long custom clearance process
Insufficient labor

Wrong material estimation
Insufficient cash flow

Late payment to supplier

Lack of planning

Lack of control

Bad relationship with client
Bad relationship with surveyor
Work progress has not been
achieved

Long custom clearance process
Insufficient labor

Insufficient cash flow

Late payment to supplier

Lack of planning

Lack of control

Bad relationship with client
Bad relationship with surveyor
Work progtess has not been
achieved

Long custom clearance process
Insufficient labor

Late payment to supplier

Lack of planning

Lack of control

Bad relationship with client
Bad relationship with surveyor

A10
All
Al12
Al3
Al4

A15
Al6
A5

A6
A7
A8
A9
A10
All
Al12
Al3
Al4

A15
Al6
A6
A7
A8
A9
A10
All
Al12
Al3
Al4

A15
Al6
A7

A8

A9

A10
All
Al12
Al3
Al4

Al5
Al6
A8

A9

A10
All
Al12
Al13
Al4

A15
Al6
A9

A10
All
Al12
Al13
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90

91
92
93
94
95
96
97

98
99
100
101
102
103

104
105
106
107
108

109
110
111
112

113
114
115
116
117
118
119

120

A8

A8
A8
A9
A9
A9
A9
A9

A9
A9
A10
A10
A10
A10

A10
A10
All
All
All

All
All
Al2
Al2

Al2
Al2
Al3
Al3
Al3
Al4
Al4

Al5

Insufficient cash flow

Insufficient cash flow

Insufficient cash flow

Late payment to supplier
Late payment to supplier
Late payment to supplier
Late payment to supplier
Late payment to supplier

Late payment to supplier
Late payment to supplier
Lack of planning
Lack of planning
Lack of planning
Lack of planning

Lack of planning
Lack of planning
Lack of control
Lack of control
Lack of control

Lack of control
Lack of control
Bad relationship with client
Bad relationship with client

Bad relationship with client
Bad relationship with client
Bad relationship with surveyor

Bad relationship with surveyor
Bad relationship with surveyor
Work progress has not been
achieved

Work progress has not been
achieved

Long custom clearance process

Work progress has not been
achieved

Long custom clearance process
Insufficient labor

Lack of planning

Lack of control

Bad relationship with client
Bad relationship with surveyor
Work progress has not been
achieved

Long custom clearance process
Insufficient labor

Lack of control

Bad relationship with client
Bad relationship with surveyor
Work progress has not been
achieved

Long custom clearance process
Insufficient labor

Bad relationship with client
Bad relationship with surveyor
Work progress has not been
achieved

Long custom clearance process
Insufficient labor

Bad relationship with surveyor
Work progress has not been
achieved

Long custom clearance process
Insufficient labor

Work progress has not been
achieved

Long custom clearance process
Insufficient labor

Long custom clearance process

Insufficient labor

Insufficient labor
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Al4

A15
Al6
A10
All
Al12
Al3
Al4

A15
Al6
All
Al12
Al3
Al4

A15
Al6
Al12
Al3
Al4

A15
Al6
Al3
Al4

A15
Al6
Al4
A15
Al6
Al5
Al6

Al16

End of the Questionnaire



