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ABSTRACT 
The factor analysis of the sub - elements of quality cost helps in effective grouping which will 
simplify the calculation of the cost. It will reduce the number of factors for which the cost is to 
be calculated by the Industry. The calculation of quality cost involves many departments and it is 
considered as cumbersome job by most of the industry. Reducing the number of factors will 
make the application of the quality costing technique easier. 

Key Words :  Quality costs, Managers, Indian engineering industry, Quality management, 
Sub- elements of cost of quality 

 
INTRODUCTION 

Quality of a product is an important and 
critical factor for remaining competitive. As 
every quality related activity comes with a cost 
so measuring and reporting cost of quality is 
important. The purpose of measuring cost of 
quality is not only to reduce cost but also to 
ensure that cost incurred on the quality 
activities is of right kind.1 The concept of 
standardization of procedures in the industry 
was given in the form of ISO and QS 
standards.  These standards define quality costs 
as measures of quality management and 
quality improvement tool. The tool of cost of 
quality provides justification for any corrective 
action in the quality management program. 
The data for the sub- elements of the quality 
cost was collected from 73 responding 
companies belonged to Engineering Industry at 
different geographical location in India. Most  
of the companies are OEM/vendors to the 
automobile manufacturers. The total turnover 
of these firms ranged from Rs.0.24 crore to 
1000 crore with an average of Rs.70 cr.  
There are 33 sub-elements of the elements of 
cost of quality. Cost of conformance is the 
proactive cost. It is the cost incurred by the 
industry to prevent and detect the defects and 
has two components prevention cost and 

appraisal cost. Prevention cost has 10 sub- 
elements, Appraisal cost has 6 sub- elements. . 
Cost of non-conformance is the reactive cost. 
It is the cost of internal failure i.e. the cost of 
the defects detected before shipment to the 
customer and external failure i.e. cost of the 
defects detected by the customer. 
Literature review 
Quality cost is the cost incurred by any 
organization to apply quality management 
system in the areas of design, implementation, 
operation and maintenance.2 The measurement 
of these costs helps in expressing the quality 
related activities in terms of money.  
Measuring and reporting quality cost data are 
most important steps for the successful 
implementation of TQM.3 An industry should 
invest minimum cost to implement quality 
improvement program. Identification, 
measuring and reporting of quality costs helps 
the managers to focus on reducing them.4The 
critical aspect  of  quality  is measurement and  
reporting related costs. The quality costing 
helps the managers in decision making and in 
calculating the effect of any decision in 
monetary term.3 The theoretical background 
regarding the cost of quality costing are given 
in the literature mainly  in terms of collection, 
measurement, analysis, reporting and using 
quality cost data.5-9 *Author for correspondence 
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Factor analysis 
This technique has three main uses : (1) to 
understand the structure of a set of variables  
(2) to construct a questionnaire to measure an 
underlying variable  and (3) to reduce large 
data to a more manageable size while retaining 
as much of the original information as 
possible.10 To make the effective grouping of 
the various sub- elements of quality costing, 
exploratory factor analysis and reliability 
analysis were used. Factor analysis involves 
judgmental decisions for effective final 
solution. 
Factor analysis on the 33 items was conducted 
using the principal component method. The 
value of the overall KMO was normal at 0.683 
which is acceptable as it is more than 0.5. The 
Bartlett’s test of sphericity was significant with 
chi-square value of 590 (df 253).The initial 
solution showed that communalities ranged 
from 0.624 to 0.914. 

DISCUSSION 
A. Interpretation of data 
Reliability analysis (Cronbach’s Alpha) 
Cronbach Alpha measures the extent to which 
any scale measures the underlying factor . The 
Cronbach’s Alpha coefficient is indicates the 
reliability of the data.The reliability test gives 
the value of Alpha coefficient 0.966 which 
indicates that the data is reliable. 
B. Factor analysis of sub-elements of cost of 
conformance 
The various sub-elements of cost of 
conformance 
1. Quality engineering 
2. Design and development for equipment 
3. Quality review and design verification 
4. Maintenance and calibration of production 

and inspection equipment 
5. Supplier Quality planning  
6.  Quality audits 
7. Quality training 
8. Data reporting 
9. Quality Improvement Programmes 
10. Any other prevention cost 
11. Receiving inspection 
12. Laboratory inspection and testing 
13. In process inspection 
14. Final testing 
15. Field testing 

16. Inspection and test equipment 
KMO and Bartlett’s Test  
Factor analysis on the 16 components of cost 
of conformance i.e. prevention cost and 
appraisal cost was conducted using the 
principal component method. Kaiser-Meyer-
Olkin measure of sampling adequacy (KMO) 
test is used to assess the suitability of the data 
for factor analysis.10-14 The value of the overall 
KMO is 0.760 which is acceptable as it is more 
than 0.5.The Bartlett’s test of sphericity is 
significant (Chi-square value for df =120 is 
3520.The factor analysis was performed and 
following results were obtained : 
Factor I (Quality Management Planning) 
1. Quality engineering 
2. Design & Development for equipment 
3. Quality review & design verification 
4. Maintenance & calibration of production 

and inspection equipment 
5. Quality audits 
6. Quality training 
7. Data reporting 
8. Quality Improvement Programme 
9. Field testing 
The quality management planning includes all 
the activities right from design of quality 
parameters to data collection and analysis and 
training for quality improvement program to 
field testing. These activities contribute to the 
proper planning for the implementation of 
quality management program. This is 
important factor as it gives direction to the 
overall spending on the various activities to be 
undertaken for minimum non-conformance. 
Factor II (Inspection and testing) 
1. Supplier Quality planning  
2. In process inspection 
3. Final testing 
Inspection and testing is the process of 
detection of non -conformities which involve 
the identification of inspection/testing method  
and equipment required for the same. It 
involves the planning for the levels like 
supplier/ stage of the process at which 
inspection /testing is to be conducted. It is one 
of the major costs for quality assurance. It will 
help the industry to calculate the cost 
inspection. Its major cost component is man 
day cost of the personnel involved. 
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Factor III (Defect prevention cost) 
1. Any other prevention cost 
2. Receiving inspection 
The defect prevention cost may be treated as 
cost of preventing the defect but it is not the 
part of quality management planning. It is an 
activity involving the detection of defect in the 
raw material/ parts received from the supplier. 
It prevents the defective material to reach the 
production process. 
Factor IV (Laboratory cost) 
1. Laboratory inspection and testing 
2. Inspection and test equipment 
Although laboratory testing is a part of 
appraisal cost and a part of defect detection but 
the factor analysis has given the laboratory 
cost as separate factor. It includes the cost of 
men, material and equipment involved in the 
laboratory testing. This factor will help the 
industry to calculate the cost separately for 
laboratory and to decide whether to go for 
laboratory testing inside the organization or to 
outsource the same. 
C. Factor analysis of sub-elements of cost 

of non-conformance 
Factor analysis on the 17 items was conducted 
using the principal component method. The 
value of the overall KMO was normal at 0.837 
which is acceptable as it is more than 0.5. The 
Bartlett’s test of sphericity was significant with 
chi-square value of 6130 (df 136). 
Factor I-Internal failure cost 
1. In house rejects 
2. Rework 
3. Re-inspection of work 
4. Material wastage due to rework 
5. Extra operation due to rework 
6. Downtime due to rework 
7. Downgrading of product 
8. Administrative cost 
9. Inventory pile up cost due to internal 

rejection 
10. Scrap & rework due to fault of supplier 
The factor analysis has shown that the 
grouping of the components of the internal 
failure cost is correct. The internal failure cost 
includes the cost of any detecting and 
rectifying defects at any stage of the 
production process before it reaches to the end 
product    user.  The  internal  failure  cost  is  a  

major component of the total cost of quality. It 
has been defined by its cost components of 
detection and rectification of the defects. 
Factor II-External failure cost 
11. Customer service 
12. Customer rejects 
13. Onsite inspection 
14. Warranty expense 
15. Penalties 
16. Returned material repair 
17. Warranty replacement 
External failure cost 
The factor analysis has shown that the 
grouping of the components of the external 
failure cost is correct. The external failure cost 
includes the cost of rectifying the defects 
reported by the end user. It includes cost 
components like customer service, warranty 
expenses 

CONCLUSION 
The factor analysis of the sub- elements of the 
cost of quality helps in effective grouping 
which will simplify the calculation of the cost. 
It will reduce the number of factors for which 
the cost is to be calculated by the Industry. 
These factors are conceptually meaningful and 
can help the management   to visualize, 
understand and implement the technique of 
quality costing. This can be used as benchmark 
for evaluating the performance of any Industry. 
The factors developed are in context of Indian 
Engineering Industry. In future this study can 
be conducted in different sectors and a 
benchmarking can be done for different 
sectors. 
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