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A measurement of quality costs in industrial

organizations
Riyadh Y. Alsada™ and Yathish Kumar?

Abstract: This paper aims to determine the level of awareness and implementation
of measuring CoQ in MIEs in Yemen. In contrast, this study was based on the
traditional CoQ Prevention—Appraisal—Failure (PAF) model. Also, this paper pro-
poses a suitable model for measuring CoQ in MIEs based on the research results.
The Applied research focused on large companies where CoQ programs in the
majority of companies operate as a subsystem of underlying management.
Managers of large companies use indicators to control and evaluate performance
for production quality. Still, they usually do not develop a separate framework for
measuring and assessing CoQ. As a result, this research attempted to answer the
question, Are Yemeni industrial companies interested in measuring, analyzing, and
reporting CoQ items (prevention, appraisal, and failure costs) concerned in their
industry? It also determines the extent these companies are interested in measur-
ing, and analyzing hidden CoQ. According to this research findings, most major
companies in Yemen are aware of and practice measuring CoQ. At the same time,
the study showed that these companies are still not interested in measuring the

hidden CoQ in their manufacturing.

Subjects: Statistics for Social Sciences; Education - Social Sciences; Industry & Industrial

Studies

Keywords: costs of quality (CoQ); measurement of CoQ; hidden CoQ; major industrial

enterprises (MIEs); model for controlling CoQ
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Since the 1950s, a great deal of attention has
been paid to CoQ both in theory and in practice.
In general, the implementation of a quality
costing system works to achieve a balance
between cost and quality. This means that
organizations can reduce the cost of their pro-
ducts without sacrificing quality. Which leads to
increased customer satisfaction and the value of
its products/services provided to the market.
Although most studies confirm that the applica-
tion of the CoQ system leads to improving the
reputation of the enterprises in the market and
its competitiveness. However, some enterprises
still believe that the implementation of the CoQ
system is nothing but extra costs. Therefore, this
paper examines the extent to which the quality
costing system is applied in MIEs in Yemen. As
well as determining the items of CoQ used in
these enterprises.
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1. Introduction

Quality costs (CoQ) measurement (prevention costs, appraisal costs, failure costs) is one of the
most critical and influential tools for assessing the success of total quality management programs
in industrial enterprises (Jaju et al., 2009). It assists various departments in measuring perfor-
mance reports, rationalizing decisions, and evaluating strategic objectives, planning, and budget-
ing. One of the most important outcomes of the quality control measurement process is identifying
quality problems and using the findings to persuade management that changes are necessary and
justified.

CoQ measurements can be complex, as numerous departments and divisions carry out the process.
Multiple reliable cost data sources exist within the company’s accounting system, including tables,
expenditure reports, and purchase orders. Generally, conventional accounting systems provide infor-
mation on quality control for direct labour, warranty charges, overhead, scrap, maintenance and
repair, product liability costs, and calibration efforts on test equipment. Kumar and Alsada (2019),
Show that CoQ management is one of the essential tools for measuring, controlling, and making
decisions in the company’s activities aimed at business excellence. Most businesses today face the
difficult task of addressing the inadequacy of cost accounting systems in measuring CoQ, providing
appropriate data in a proper format, and accounting for TQC, including hidden CoQ. In contrast, CoQ
analysis helps companies identify areas for improvement and deficiencies in the costing system by
providing a clear view of cost reduction opportunities in monetary benefits (Mahanty et al., 2012).

Industrial organizations have recently demonstrated an increasing interest in CoQ measure-
ment. Nonetheless, most enterprises prefer the traditional costing system to the CoQ system.
However, most of them are poorly designed and therefore unsuitable for this purpose. The main
reason for the lack of interest in CoQ is an adequate and comprehensive quality costing system,
which results from a lack of an accurate classification of the various quality control elements in the
product life cycle (Nel & Pretorius, 2016; Yang, 2008).

Most of the previous studies that dealt with the process of measuring and analyzing items of
CoQ focused on determining the level of application and practice of tangible CoQ on the one hand,
and on the other hand, on measuring and analyzing items of hidden CoQ, CoQ models, determining
CoQ items, CoQ behavioural, the effect of applying CoQ on sustainable advantage, the effect of
applying CoQ in improving product quality, Long-run dynamics between CoQ and quality perfor-
mance, etc. (Asada et al,, 2021; Basak & Kg, 2015; Mantri & Jaju, 2017; Nel & Pretorius, 2016;
Satanovd et al., 2015; Sturm et al., 2019; Tomov & Velkoska, 2022). For example, Satanovd et al.
(2015) conducted research in Slovakia to determine the level of understanding and application of
CoQ control in major industrial enterprises (MIEs), and they found that the internal manufacturing
problem gradually leads to customer dissatisfaction and the continuous loss of customers on
a larger scale. Mantri and Jaju (2017), conducted research in India to determine the CoQ practices
of reputable and successful industries of different types, and found that major industrial firms
practice CoQ, but still manual data mining despite applying advanced techniques.

To the best of the researcher’s knowledge, there are few empirical studies that investigate the level
of application of visible and hidden CoQ, as well as the CoQ items, in MIEs, particularly in Yemen.
Therefore, the current study seeks to solve the theoretical gap to determine the level of application
and practice to measure and analyze the visible and hidden CoQ, and to determine the most
important items of visible and hidden CoQ applied in MIEs in developing countries, such as Yemen.

This paper has been written on the assumption that MIEs in Yemen are interested in implement-
ing CoQ practices using the traditional CoQ (PAF) model. This paper is also based on the assump-
tion that Yemeni industrial companies are interested in implementing the practices of measuring
hidden CoQ. As a result, the primary goal of this paper is to provide a clear picture of Yemen’s
major manufacturing companies’ understanding and application of CoQ measures (prevention,
appraisal, internal and external failure costs), as well as to validate these enterprises’ practices to
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measure hidden CoQ. Furthermore, the design of a framework that illustrates the concept of
a mechanism for measuring CoQ stems from the unique circumstances of MIEs in Yemen. This
study was conducted with a large manufacturer sample to determine CoQ’s current awareness
and measurability. The purpose of this study was to answer the following fundamental question:
“To what extent are CoQ measured, analyzed, and reported (prevention and appraisal costs,
internal and external failures, and hidden CoQ) in MIEs of Yemen?”

As a research objective, large corporations were chosen. Even though there are only about 442
MIEs in Yemen, out of a total of 27,797 industrial companies, they account for 98% of Yemen’s
economic capital.

A purposive sample was used as the sampling technique to select the sample respondents for
the study. This study’s target population consisted of 21 MIEs from seven Yemeni districts.
A sample of 340 respondents from Yemen’s top industrial companies was chosen to obtain
nuanced data on measuring CoQ. Financial managers, cost managers, quality, and accounts in
large industrial companies in Yemen, were the target respondents.

The research methodology went through three stages. In the first stage, a brief literature review
on measuring the CoQ using knowledge summarization, synthesis, and measurement methods
were prepared. In the second stage, a questionnaire was developed to conduct the empirical
study, which represents an analysis of the state of the issue that was resolved within the practice
of MIEs in Yemen. The CoQ measurement model was based on the traditional CoQ model (PAF)
principles when working on the core part of the questionnaire (Prevention, Appraisal, Failure Costs).
This question was graded using the drawing and description methods. In the final stage, a model
was created to measure the elements of CoQ in MIEs.

2. Literature review

2.1. Cost of quality

According to most studies, Juran first proposed the concept of CoQ in the early 1950s (Asada et al.,
2021). Several authors have written extensively on the idea of CoQ since then. CoQ is defined by Juran
(1951) as “the total of costs that would disappear if there were no quality issues”. The cost arises from
increased spending on activities performed directly, rather than indirectly, to achieve the quality
departments’ objectives (Asher, 1987). The poor CoQ of an organization is the difference between its
actual operating cost and what it would be if its systems did not fail and its employees did not make
mistakes (Modhiya & Desai, 2016). CoQ, defined by all product or service requirements established by
the company and its contracts with customers and society, is a measure of costs specifically
associated with the achievement or non-achievement of product or service quality, according to
the American Society for Quality Control (ASQC). The sum of the costs of designing, implementing,
operating, and maintaining the quality management system, as well as the costs of resources
devoted to continuous improvement, non-value-added activities, product failure costs, system
costs, and all other necessary costs (Dale & Plunkett, 1999). It would represent the difference
between the actual cost of a product or service and the reduced cost if there were no possibility of
poor service, product failure, or manufacturing flaws (Evans & Lindsay, 2011). The total conformance
and non-conformance costs. Non-conformance costs are the price paid to avoid poor quality.

In contrast, conformance costs are the price paid to avoid poor quality caused by the product
failing to meet customer requirements (Machowski & Dale, 1998). CoQ can thus be defined as the
total cost incurred by organizations to avoid defective production, do things correctly the first time,
and not guarantee quality. Schiffauerova and Thomson (2006) classified CoQ models into five
categories: Crosby’s model, the P-A-F model, Opportunity cost models, Process cost models, and
ABC models. This study employs PAF, with quality costs classified as Prevention-Appraisal-Failure.
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Prevention costs are associated with the design, implementation, and maintenance of the TQM
system. 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 (Ahmed Al-Dujaili, 2013).

Appraisal costs are associated with determining the process’s level of quality. The cost of
assessing quality requirements includes, for example, the cost of verification and control per-
formed at any stage of the quality loop (Modhiya & Desai, 2016). The costs associated with
measuring, evaluating, and auditing products and raw materials in the factory to ensure compli-
ance with quality standards and performance requirements (Ahmed Al-Dujaili, 2013). In other
words, it is the detection of errors or defects in the incoming and completed material inspection by
measuring conformity to the required level of quality (Jafari & Love, 2013).

Internal failure costs occur when work results fail to meet designed quality standards and are
detected before transfer to the customer. The costs would disappear if the product were defect-
free. The costs are incurred when products, components, and materials fail to meet quality
standards before ownership transfer (Chopra & Garg, 2011). An organization’s costs are incurred
due to nonconformities or defects at any stage of the quality loop, such as scrap, reworking,
retesting, re-inspection, or redesign (Modhiya & Desai, 2016).

External failure costs are incurred when products or services fail to meet design quality stan-
dards. Still, they are not detected until they have been transferred to the customer through
warranties, complaints, replacements or recalls, repairs, insufficient packaging, handling, and
customer returns.

Most studies on the PAF model show an interrelationship between the CoQ categories. Increased
investment in prevention and appraisal costs will likely lead to increased investment in failure
costs by lowering the costs of internal and external failure costs. In other words, the more
organizations focus on increasing investment in the prevention costs, the more likely this will
lead to a gradual reduction in evaluation costs and thus internal and external failure.

2.2. Hidden CoQ

Industrial organizations are still oblivious to and uninterested in measuring hidden CoQ. These
hidden costs, however, are significantly higher than those calculated using the traditional PAF
model (Basak & Kg, 2015). In fact, the total hidden CoQ far exceeds the company’s profit margin,
and if the company wishes to improve its competitive position, these hidden costs must be
eliminated (Cheah & Shah, 2011). According to Gryna (1999), hidden costs are three to four
times as high as visible costs. Krishnan (2006) estimates that these hidden costs range from
three to ten times the cost of capital invested. This means that, according to most of the
literature, the hidden CoQ are major compared to the visible costs, making them difficult to
ignore (Basak & Kg, 2015; Campanella, 1999; Cheah & Shah, 2011). “Hidden cost” refers to failure
costs that are not adequately recorded in company accounts or are never discovered. These
“hidden” costs could take the form of additional manufacturing costs due to defects, or other
costs for materials, machining time, and inventory space for scrapped and reworked parts
(Murumkar et al., 2017). With proper planning, most of the hidden quality costs can be avoided.
Better production scheduling, for example, eliminates losses caused by increased production.
While increased storage periods due to excess products cause losses, these losses can be
eliminated by excluding slow-moving items from future sales (Cheah & Shah, 2011). Certain
elements known as hidden CoQ, the quantification of which is at best uncertain and subjective,
are one of the major issues with estimating CoQ in businesses (Sansalvador & Brotons, 2013).
Although it is difficult to measure and know, it exists and constitutes additional burdens on the
institution, represented in the loss of reputation, a decrease in the profitability rate, lost sales,
and other losses that the institution may bear if its attention is directed to identifying and
measuring them. Hidden CoQ can be defined as money wasted on institutions that could have
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been invested in alternative opportunities and profits that should have been realized. According
to Giakatis et al. (2001), prevention, evaluation, and failure costs are not the only CoQ. Other
hidden costs have been identified as manufacturing losses and design losses. It was discovered
that design and manufacturing losses represent a significant amount of money and represent
opportunities to save and improve capital. A company that values long-term performance and
reputation must consider hidden costs as if they were as tangible as measurable costs (Rosenfeld,
2009).

2.3. CoQ measurement

Organizations that pay more attention to measuring CoQ achieve higher quality in terms of
reliability and performance and lower cost in terms of lower failure costs (internally and exter-
nally). Measuring and reporting CoQ should be considered a critical issue for any manager seeking
competitiveness in today’s markets. When it comes to CoQ, it is essential to understand that
a single failure event can result in various costs (Schiffauerova & Thomson, 2006). (Tsai, 1998;
Plunkett & Dale, 1988; Porter & Rayner, 1992; et al) Different approaches to CoQ measurement
have been proposed since Juran (1951) discussed the CoQ. Measured quality in two ways: by the
incidence of internal failure and external failure costs. This measure is formally known as the poor
CoQ /simply CoQ. According to Krishnan (2006), three common factors when measuring CoQ are
time (people, equipment, and space), service charges, and materials. Snieska et al. (2013) argue
that the process of addressing and measuring CoQ is limited to directly measurable and visible cost
items and fails to address several areas of hidden cost, such as lost sales, reputational loss, loss
due to low workforce morale, etc. Several CoQ items remain unknown, have not been quantita-
tively identified and analyzed, and activities related hidden CoQ have not been adequately eval-
uated (Jafari & Rodchua, 2014). According to Modhiya and Desai (2016), the CoQ measurement
should be part of any quality management program. While CoQ programs provide a suitable
method for identifying and measuring CoQ, they also allow for targeted action to reduce CoQ.
According to Chopra and Garg (2011), CoQ is a cost-benefit analysis of the costs associated with
the achievement or non-achievement of product or service quality. Represent the difference
between the actual cost of a product/service and the reduced cost if there is no possibility of
substandard service, product failure, or manufacturing defects. However, many argue that outputs
may be measured in delivered product/functionality.

In contrast, resources may be measured in terms of effort/monetary cost. As a result, today’s
organizations translate this new concept into observable and measurable elements to form a CoQ
measurement index. Indicators for CoQ monitoring can be defined based on these. In this case,
the CoQ calculation is carried out using the following formula:

TQC =PC+ AC+IFC+EFC

Thus, Total quality costs = Prevention costs + Appraisal costs + Internal failure costs + External
failure costs.

Furthermore, as illustrated in Table 1, the process of measuring CoQ is an essential component
of the quality measurement system. The CoQ index is one of the most widely used methods for
determining related CoQ based on its value. While these indicators are used to compare the
change in quality levels from one period to the next and to compare organized departments and
their functions, they also help determine the cost of achieving any level of quality.

While a decrease in these percentages indicates a positive relationship between quality improve-
ment and the costs associated with that improvement, an increase in these percentages indicates
a negative relationship. The dollar, according to Evans, is the most widely used unit of measure-
ment, and Juran used this index to determine quality. Simultaneously, the cost of defective items
to the sales value is calculated. This percentage is calculated by subtracting (1) a correct number
as follows:
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Table 1. Indications of Measuring COQ
Indicator Description Formula

1 labor index The relative relationship L =p¢
between the CoQ and the
total direct labour hours.

2 Cost index The relative relationship Qcl =
between the CoQ and
production costs (direct
and indirect costs).

TQC
PC=(DC+IDC)

3 Sales index The relative relationship sCl = Ik
between CoQ and total
annual sales

4 Production index the relationship between PCl = %
CoQ and production
quantity

Note: Where, TQC = Total Quality Costs; LCI = Labor Cost Index; DLH = Direct Labor Hours; QCI = Quality Cost Index;
PC = Production Cost; SCI = Sales Costs Index; TS = Total Sales; PCI = Production Cost Index; FPQ = Final Production
Quantity.

. 1—-Annual cost of defective units in dollars
Quality level = - x 100
Value of annual sales in dollars

The previous concludes that indicators for assessing CoQ are an essential tool that provides
management with follow-up reports on CoQ, allowing departments to make the right decision at
the right time.

2.4. Importance of CoQ measurement

Several authors have emphasized the importance of measuring CoQ and the benefits that accrue
to the organization as a result of conducting measurements, including (Juran, 1951, p. 1989;
Feigenbaum, 1956; Chen & Yang, 2002; Giakatis et al., 2001; Krishnan et al., 2000). While measur-
ing CoQ is an essential part of the quality measurement process in industrial organizations, the
goal of measuring CoQ is to determine the effectiveness of the quality system, identify areas of
high cost, identify places that require additional investments, compare, analyze, and compare
conformance costs with non-conformance costs (prevention, appraisal, and failure), maintain the
historical trend, and provide a method for retaining pre-defined financial resources (making
decisions related to capital and other investments, eliminating unnecessary overheads that result
from activities not required by the customer, improving procurement costs, suppliers, planning
profit, setting goals for the budget, ensuring the process of allocating expenditures to CoQ if they
are correctly first, identifying the causes of poor quality).

Although most examples show that measuring CoQ in light of the availability of objective,
strategic, and analytical tools leads to increased quality, incorrect processes significantly reduce
the company’s quality degree toward excellence in quality. Most organizations, however, continue
to disregard CoQ estimates (Asada et al., 2021; Harry & Schroeder, 2000). The lack of an appro-
priate, comprehensive system for estimating CoQ, which results from an accurate classification of
the various CoQ elements throughout the product life cycle, is one of the primary reasons for
companies’ lack of interest in measuring CoQ. (Yang, 2008). Many industrial companies are
estimating their costs, which is becoming more common these days (Chiadamrong, 2003). The
old CoQ (PAF) category system is insufficient for capturing genuine CoQ, necessitating system
changes (Dahlgaard et al., 1992). Because CoQ can be distributed across multiple accounts, cost
metrics for the entire production system must be updated. All expenditures associated with quality
activities must be linked to design, production, sales, and service activities (Chiadamrong, 2003).
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Table 2. Quality cost measures applied in major industrial companies in Yemen

Category of quality | Items of quality costs Scope of application

costs Yes No

Prevention costs * Quality design and
planning

+ Develop waste
reduction systems.

* The equipment
design and
development.

* Quality review during
the product design
and development
phase.

LUK

* Calibration and
maintenance of pro-
duction equipment.

+ Supplier audit costs.

* Training costs to raise
the quality level.

+ Defective production
reduction costs.

+ Costs of preparing an
electronic database.

* Reduce wastage of
time, materials, and
effort.

+ Continuously review-
ing product design
and development.

(Continued)
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Table 2. (Continued)

Category of quality | Items of quality costs Scope of application

costs Yes No

Appraisal costs * Pre-production
inspection and eva-
luation costs.

+ Costs of checking
product design
before production.

» Examination costs of
materials received
from suppliers.

LLLLLLLKILILILL<L

+ Samples test of pro-
ducts during
manufacture.

+ Test samples of pro-
ducts after manufac-
turing is completed.

+ Costs of materials
consumed during the
inspection and test-
ing process.

* Examination and
evaluation costs after
production are
completed.

* The stock assess-
ment ensures that
the stored products’
value does not fall.

Classification of pro-
ducts as good,
defective, or
damaged at a certain
level of quality.

« Costs of final inspec-
tion of products
before supplying to
stores.

* The costs of analyz-
ing examination and
testing results and
preparing reports on
them.

+ Costs of materials
used in the labora-
tory.

3. Research methodology

This research aims to determine the level of awareness and application of CoQ measurement in
MIEs in Yemen. Simultaneously, the primary goal of this paper was to discover and determine the
extent to which practices of measuring prevention and appraisal costs, internal and external
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failure, and hidden CoQ are implemented in Yemen’s major industrial companies. The core
research group consisted of major Yemeni industrial enterprises. According to the Yemeni
Ministry of Industry and Trade, the number of industrial companies in 2015 reached around
27,797, with 442 major industrial companies. Because of the large core group size, it was impos-
sible to include all large companies in this research, so survey data was used for sampling. This
study’s target population consists of 21 MIEs in Yemen. The sample was designed to include 340
respondents. The respondents were finance, cost, and quality managers from major Yemeni
industrial enterprises. The number of returned and analyzable questionnaires was 208, represent-

ing a rate of approximately 61%.

4. The proposed questionnaire included 14 questions

Q1:

Does your company interested in measuring the quality costs?

Q1la: Is your company interested in measuring prevention costs?

Q1b: Is your company interested in valuation measurement?

Qlc: Is your company interested in measuring the costs of internal failure?

Q1d: Is your company interested in measuring external failure costs?

Q2:

Q3:

Q4:

Are you considered among the measures of prevention costs applied by your company?

Quality design and planning

Develop waste reduction systems.

The equipment design and development.

Quality review during the product design and development phase.
Calibration and maintenance of production equipment. Supplier audit costs.
Training costs to raise the quality level.

Defective production reduction costs.

Reduce wastage of time, materials, and effort.

Continuously reviewing product design and development.

Are you considered among the measures of appraisal costs applied by your company?

Pre-production inspection and evaluation costs.

Costs of checking product design beforeproduction.

Examination costs of materials received from suppliers.

Samples test of products during manufacture.

Test samples of products after manufacturingis completed.

Costs of materials consumed during the inspection and testing process.

Examination and evaluation costs after production are completed.

The stock assessment ensures that the storedproducts’ value does not fall.
Classification of products as good, defective,or damaged at a certain level of quality.
Costs of final inspection of products beforesupplying to stores.

The costs of analyzing examination andtesting results and preparing reports on them.
Costs of materials used in the laboratory.

Are you considered among the measures of internal failure costs applied by your company?

Remanufacturing costs.
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Q5:

Q6:

Q7:

Q8:

Q9

Cost of lost time due to quality issues.

Cost of inspection and testing of re-run products.

The cost of stopping the production process.

Loss and damage costs.

Find out the defective production to confirm and guarantee the quality.
Identify defective production and work to avoid it.

Inspection equipment maintenance. Substitute poor-quality materials to improve quality.
Scrapping costs.

Exclude damaged items that cannot be processed.

Determine the reasons that lead to poor quality.

Storage cost for raw materials that have become damaged.

Are you considered among the measures of external failure costs applied by your company?

Quality assurance costs before selling the product.
Inspection of products to avoid rejected and returned sales.
The cost of damaged products before selling.

Costs of reducing external failure to satisfy the customer.
After-sales services costs.

Reducing the number of complaints to satisfy customers. The cost of repairing and replacing inferior
products.

Waivers are offered to customers to accept the defective products.
Compensations of provided to customers in the event of product failure.
Claims costs for settlement with the client.

Replacement costs for defective products during the warranty period.

Do you think your company is interested in measuring the hidden quality costs?
Are you considered among the measures of hidden quality costs applied by your company?

Identify lost sales.

Unused energy costs.

Accumulated inventory costs as a result of excessive unused purchases.
The cost of additional work is due to errors in the production schedule.

The cost of lost time is due to machines stopping due to design, program or maintenance errors. The
cost of waste and unreported errors by the departments.

The cost of losing the reputation of the entity.
The cost of losing the product to the market.
The cost of losing a portion of the market share.
The costs of not being competitive in the market.

Do you think measuring CoQ reduces the cost of defective production?

: Do you think that measuring CoQ leads to improving product quality?

Q10: Do you think that measuring CoQ leads to customer satisfaction?

5.

Discussion of results
CoQ Measurement
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Figure 1. Proposed framework.

This section of the analysis validates the practices of MIEs in Yemen for applying CoQ mea-
surement (prevention, appraisal, internal and external failure costs) Figure 1. According to the
responses collected from respondents, the majority of respondents, 78%, agree that their
organizations measure CoQ. It was 10% of the sample did not provide clear and specific answers.
In comparison, only 12% of those polled did not agree with this statement (Figure 2). This
analysis confirms that most of the MIEs in Yemen focus on measuring and analyzing visible
CoQ (Table 2), due to the ease of their identification (Mantri & Jaju, 2017). Despite the interest of
these enterprises in measuring and analyzing CoQ, the process of extracting data related to this
process is still manual. Figure 2 This makes this process more complicated. Therefore, it is
preferable for these enterprises to separate the data of CoQ items from the traditional costing
system (Mantri & Jaju, 2017).

Figure 3 shows the percentage of respondents’ answers to the sub-questions Do industrial
enterprises handle the measurement and analysis of individual groups of costs in terms of the
PAF model methodology? According to the findings, these institutions pay more attention to
controlling the input costs of prevention and hence the failure costs.

According to the findings Figure 4, enterprises are paying more attention to measuring con-
formance costs (prevention and appraisal), which leads to a gradual decrease in failure costs
(internal and external), which corresponds to the PAF model’s fundamental assumptions these
findings are supported (Alglawe et al., 2017). Furthermore, this is a good indicator of long-term
improvement in the quality of institutional performance, which means that over time, these
enterprises can reduce the cost of internal and external failure without increasing spending on
prevention and appraisal costs (Sturm et al., 2019).

Figure 5-8 shows the percentage of respondents’ answers to questions Q2—Q5. This included
questions on 47 scales. The goal was to identify the visible CoQ items used in research firms.

The most important CoQ items used in MIEs in Yemen have been identified based on these
findings. In the prevention phase, these businesses prioritize quality planning, design expenditures,
and employee training to improve quality.

To reduce defective products, the appraisal phase focuses on testing and inspecting the equip-
ment and materials used in production before the production process begins. Identify the reasons
that lead to the emergence of poor quality products during the internal failure stage in order to
reduce the percentage of defective products and improve the quality level. Determine the cost of

Qla
Measuring of Prevention 0>
Costs (PC) ® Defective production Q8
\ reduction
Qlb
Measuring of Appraisal Q3 \
Costs (AC)
g I B v
Q Q1 Qlc Q4 ;
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172}
8 Qld e
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Figure 2. Q1: Does your com-
pany interested in measuring
the quality costs?.

Figure 3. Questions Q1 (A, B, C,
and D).

Figure 4. Percentage of indivi-
dual observed groups on CoQ.

No we not
interested doing
that

Yes we intersted

doing that
we don’t know

prevention costs

Appraisal costs

Internal failure costs

External failure costs | NGOUONN 147

HYes ENo ®Don’t know

56% Costs to prevent poor quality (Good quality costs)

Poor quality costs

(Failure costs)

compensation that customers receive if the product fails in the external failure stage to avoid the
costs of lawsuits to be settled with customers.

According to these findings, most MIEs in Yemen typically focus on measuring visible CoQ (Table
2), that can be easily identified and recovered, and as a result, the desired outcome of this process
is to improve quality at a lower cost, and the efforts are not fully met. Furthermore, if the most
important cost items that contribute the greatest share of CoQ are identified, the analysis can
focus on these most important items without compromising the results (Mantri & Jaju, 2017).

5.1. Measuring hidden CoQ

The extent to which the companies under study implement and practice the measurement of
hidden CoQ is investigated in this analysis section. On the other hand, the extent to which the CoQ
items relating to hidden CoQ are applied is tested. As illustrated in Figure 8, most study sample
members agree that their companies are still uninterested in measuring hidden CoQ. With an
approval rating, a minority of respondents agree that their companies measure hidden CoQ (33%).
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Figure 5. Q2: Are you consid-
ered among the measures of
prevention costs applied by
your company?

Figure 6. Q3: Are you consid-
ered among the measures of
appraisal costs applied by your
company?
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While the majority of them agree that their companies are still uninterested in measuring
hidden CoQ at an unsatisfactory rate (58%). Knowing that 9% of the study sample did not provide
clear answers about whether or not their company was interested in measuring hidden CoQ. This
indicates that the study sample members confirm that Yemen’s major industrial companies are
still unaware of and interested in implementing hidden CoQ.

To confirm the validity of this assumption, the analysis of the Q7- Do you think your company is
interested in measuring the hidden CoQ items?

Q7 included ten paragraphs that addressed how committed the companies under study are to
implementing the hidden CoQ items. Figure 9 depicts the study sample results and the degree of
agreement on whether or not these companies apply the hidden CoQ items.

Figure 9 shows that the study sample agrees that their companies are still not getting enough

attention to measure hidden CoQ. The approval rate was low, averaging 29%, while the rejection
rate was high, averaging 61%. In contrast, 10% did not appear to have clear answers. Figure 10
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Figure 7. Q4: Are you consid-
ered among the measures of
internal failure costs applied by
your company?

Figure 8. Q5: Are you consid-
ered among the measures of
external failure costs applied
by your company?
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This means that most industrial enterprises still focus on treating visible CoQ only, for the ease of
their identification, without paying attention to addressing hidden CoQ, due to the difficulty of the
process of measuring and analyzing the items of these costs (Basak & Kg, 2015; Mahmood &
Kureshi, 2015).

Table 3 summarizes the essential items of hidden CoQ that are still not used in Yemen’s major
industrial companies.

Table 3 demonstrates that the process of addressing and measuring CoQ is still limited to the
visible and directly measurable cost items, as well as the failure of these enterprises to address
several areas of hidden cost, such as lost cost of sales, loss of reputation, loss of a portion of
market share, and loss due to low workforce morale, among other things (Snieska et al., 2013).
Several CoQ items remain unknown, have not been quantitatively identified and analyzed, and
activities involving hidden CoQ have not been adequately evaluated (Jafari & Rodchua, 2014).
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Figure 11 The measure of CoQ to improve product quality and achieve customer satisfaction

In this section of the analysis Figure 12 it is checked whether measuring CoQ leads to
a reduction in defective production, improved product quality, and increased customer satisfac-
tion. Q8 the Impact of measuring CoQ on reducing defective production costs is tested. According
to these findings, most companies support that increasing investment in CoQ, and focusing on
measuring items of these costs leads to fewer defective products, which leads to cost savings. For
example, the analysis of previous results indicated that these enterprises are increasing spending
on prevention and appraisal costs by developing waste reduction systems, calibrating and main-
taining production equipment, and reducing waste of time, materials, and effort. All in all, it
reduces defective products. This means that measuring CoQ leads to a decrease in the total CoQ
(Chiu & Su, 2010).

According to these findings, most enterprises support that focusing on CoQ items leads to an
increase in quality, increased customer satisfaction, and thus an increase in sales volume, which
leads to an increase in profitability.

For example, an analysis of previous results revealed that these enterprises increase spending
on prevention and appraisal costs by focusing on product quality planning and design in the early
stages of the manufacturing process to avoid product failure, holding training courses to increase

Figure 9. Q6: Do you think your
company is interested in mea-
suring the hidden CoQ?

measurement of hidden quality costs

we don’t know
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Figure 11. Q8: Do you think
measuring CoQ reduces the
cost of defective production?

Figure 12. Q9: Do you think that
measuring CoQ leads to
improving product quality?

No; 11%
I don’t know;
i 9%
I think that;
Yes; 70% 10%

employee efficiency to improve the level of quality, and conducting a continuous review for
product design and development. This, in turn, leads to an increase in product quality, which
leads to increased customer satisfaction. Figure 13

Although industry professionals recognize that increased quality should result in lower failure
and opportunity costs as well as increased customer satisfaction. They are, however, still unaware
of the significance of distinguishing between operating costs and quality in order to determine the
type of relationship between the apparent and hidden CoQ (Alglawe et al., 2017).

6. Model for controlling quality costs in large industrial companies

The cost estimation system is an integral part of the management system in any industrial
organization, providing relevant information to assist managers in making better decisions.
Furthermore, the CoQ system is critical in helping senior management make financial decisions,
improve product quality, and influence the organization’s profitability and market share expansion.

According to various authors, the CoQ system can balance quality and cost and improve product
quality compared to traditional costing systems. The CoQ system generates precise data that can
be used for performance measurement, cost control, and strategic decision-making. Furthermore,
the CoQ system assists organizations in lowering costs and improving product quality, resulting in
increased customer satisfaction and the ability to measure performance and profitability. The
proposed model for measuring CoQ for large manufacturers comprises components that consider
the quality of business processes and bookkeeping, as shown in Figure 14. Control and quality must
be linked for a complex understanding of CoQ measurement, taking into account the re-evaluation

_No; 9%

I don’t know;
10%
Yes; 67% _

I think that; 14%
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Figure 13. Q10: Do you think No
that measuring the CoQ leads 12%
to customer satisfaction?
I don’t know
11%
Yes_
62%
I think that
15%

EYes HNo [ don’t know ™I think that

of the content of individual nominal ledger analytical accounts, their target selection, and depart-
mental analysis concerning CoQ.

Figure 14 depicts a transparent CoQ control model commonly used in large manufacturing firms.
The model connects the operational and bookkeeping aspects (identification of individual analytical
accounts). Figure 14 depicts the transport corridor’s fundamentals regarding workflow determination.
Profit and loss management is the starting point for evaluating the company’s results and measuring
CoQ. Individual costs/revenues are incrementally adjusted to gross economic profit before taxes
using this model (EBT). Profit and loss management is proposed as a grading of total revenue.

Determining the company’s information sources is a necessary task for determining CoQ. In
addition to specifying the special analytical accounts and account documents. In the case of
insufficient calculation documents, it is also recommended to consider data from the enterprise’s
other record keeping (reports, statistical indicators, trend analysis).

When designing the model, the course of action is determined by collecting data on CoQ and the
method for collecting this data. As a result, each item of CoQ must be classified according to the
type of cost, whether it is materials, wages, services, or something else. In addition to identifying
methods to make it easier for the observer to collect this data. Individual cost codes for quality
should be defined.

CoQ information is extracted using the company’s information program or the PAF model. The
control information system is one of the sources in this proposed model that makes it easier for
the observer to evaluate the information obtained via a notification message. CoQ are monitored
as a percentage of indicators of CoQ, as a ratio of hands to revenues, or as a ratio of indicators to
total costs, rather than as absolute indicators in this proposed model. This proposed model can
also be used in the accounting period to determine the differences between the acceptable values
at the minimum and their cumulative total and compare between years.

The horizontal structure depicts the layout of the administrative profit and loss account, which
reflects the annual budget plan, as well as the flexible budget (planned costs for the actual
capacity of sales, calculation of prices, variances, reality, estimates, and the proposal of corrective
measures in the future).
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Figure 14. Model of the mea-
suring CoQ for the major indus-
trial companies.
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While the vertical structure proposes the control report in terms of measuring the increase in
spending on the costs of good quality—prevention costs, appraisal costs (the costs of planning and
designing quality, employee training costs to increase efficiency, testing and evaluating the quality
level), and the gradual decrease in the failure costs (identifying the reasons that lead to the produc-
tion of poor quality products, avoiding compensation costs and settlements with customers).

This entails analyzing costs using indicators to determine their impact on improving the level of
quality through CoQ control that can be identified. The proposed model assists company managers
in deciding whether to increase or decrease spending in each stage of CoQ separately.

One of the essential effects of CoQ control is to determine the savings obtained from measuring
CoQ that result from lowering defective production costs by reducing internal errors, such as
lowering (non-productive costs of materials, energy, and labor). As a result, external costs such
as compensation and lawsuits for client settlement are eliminated or reduced. The proposed
model demonstrates the effects of low failure costs and their impact on improving product quality,
which leads to a reflection of the effect on achieving customer satisfaction and loyalty and then
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improving the institution’s good reputation, which leads to higher sales volumes can enhance its
market competitiveness.

Through monthly monitoring reports, the proposed model enables senior management to dis-
cover differences from the planned conditions and discuss them positively or negatively, as well as
prepare remedial measures to eliminate harmful disparities and improve positive effects.

Figure 14 depicts the impact of measuring hidden CoQ components on increasing profitability
rates and equity. Measuring the visible CoQ differs from measuring the hidden CoQ in that paying
attention to the apparent CoQ reduces defective production, which leads to improved product
quality and higher annual sales volume.

While controlling the hidden CoQ does not affect the change in sales volume, it does allow for
the analysis of the issues that led to a decrease in sales rate and a loss of market share. As
a result, the proposed model emphasizes the importance of controlling the hidden CoQ and their
impact on property rights as they increase or decrease. Due to their large size, industrial compa-
nies must focus on controlling the hidden elements of hidden CoQ, which if ignored may lead to
their inability to continue in a highly competitive market.

7. Summary and conclusion

CoQ measurement practices in various organizations are still not standardized due to the lack of
an appropriate and comprehensive system regulating these practices. This makes many industry
organizations uninterested and aware of the importance of measuring CoQ elements. This exposes
many industrial companies to increasing internal losses due to poor quality, which gradually leads
to the continuous loss of customers on a large scale due to increased compensation claims and
settlements with customers.

As a managerial contribution, the findings of this study will enable MIEs to improve the quality of
their products in order to survive in a highly competitive environment. Industrial enterprises can
achieve high levels of efficiency in their products while controlling failure costs if they are
motivated to measure hidden CoQ and have an interest in measuring other CoQ.

Therefore, these companies must pay attention to measuring CoQ, whether these costs are
tangible (visible) or intangible (hidden), to discover weaknesses and achieve preventive mea-
sures to eliminate these losses. All this can be achieved by establishing an effective feedback
system, pointing out flaws promptly and providing valuable information to solve these issues.

The case study developed based on the reviewed literature is examined in this paper,
emphasizing the CoQ subject. The questionnaire identified the extent to which Yemen’s major
industrial companies are interested in measuring the visible and hidden CoQ and identifying
the essential CoQ items used in these companies. A suitable model has also been proposed to
assist large manufacturing companies in controlling the visible and hidden CoQ items.

This study revealed that the major industrial companies in Yemen pay attention to and realize
the importance of measuring CoQ elements. They also estimate costs for prevention, appraisal,
and internal and external failure. However, CoQ items are still integrated with the items of
traditional costs, making extracting them a complex process and requires a large amount of
time. Therefore, these industrial companies must implement an independent CoQ system to
identify and treat issues easily.

Despite the satisfactory results indicated by this study regarding the interest of these companies
in measuring the apparent CoQ, at the same time, these companies are still ignorant of the
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importance of measuring hidden CoQ elements and the profits that can be achieved through

measuring hidden CoQ.
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