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Abstract  For a purpose of suitable system product acquisition or development successfully, it is extremely 
important to assess a total quality of system product. And, it is necessary to gather the individual results of 
measurement to one evaluation indicator through suitable algorithm and assess the total quality of a system. 
Traditionally, analysis of quality requirements of a product has been conducted through questionnaires or interviews 
with customers based on investigator's personal experience. On the other hand, the analysis of quality requirements 
for system is a very difficult work because it is non-formulaic and demands much of product customer's technical 
perceptiveness. For the purpose of improvement of these issues, we have been working in ISO/IEC JTC1/ SC 7 WG 
6, and have developed the techniques for quality requirements and evaluation of system based on the ISO/IEC9126 
quality model that includes six characteristics, which is widely recognized. However, independency among each six 
quality characteristic has not been confirmed and the suitability of quality model for quality requirement has not 
been certified statistically. In the precedent study, we have verified the suitability and effectiveness of quality model 
of system defined in ISO/IEC9126 statistically. However, even if each quality can be evaluated from the view point 
of six quality characteristics separately, but the general method of assessment for total quality of whole system has 
not been established. Therefore, quantitative and objective assessment or comparison of a total quality of final 
developed whole system has been extremely difficult work for developers or acquirers. For the purpose of solving 
this kind of issues, this paper proposes the method of implementing the global quality assessment indicators for 
evaluation of total quality of system product from the view point of six quality characteristics. Furthermore, this 
paper proposes the result of verification about effectiveness of method for implementing global quality assessment 
indicators and usefulness of adaptation of method to predicting total quality of system product. 

Keywords: system, quality, assurance, global quality assessment indicator, quality evaluation, quality model, 
quality characteristic, customer satisfaction, inherent attribute, prediction model 

1. Introduction
For a purpose of suitable system product acquisition or

development successfully, it is extremely important to 
perform the quantitative and total assessment of system 
product. And, it is necessary to gather the individual 
quantitative measurement results to one evaluation 
indicator through some kind of algorithm and assess the 
superiority and inferiority of the total quality of whole 
system generally. The customers should choose suitable 
product by defining the quality requirement from needs 
during possible early stage of acquisition. If we take the 
wrong choice of the product in accord with the real needs 
from the customers, it may cause the big risk as not be 
able to make use of the product which has purchased with 
much effort for a purpose of use. Generally, quality 
evaluation of a system product is performed by 
accordance with quality requirements of the system that is 
defined by customers. 

On the other hand, the quality requirements analysis is a 
very difficult work because it is non-formulaic and demands 
much of product customer's technical perceptiveness, sense in 
balance and experiences. Traditionally, analysis of quality 
requirements of a product has been conducted through 

questionnaires or interviews of customers based on 
investigator's personal experience and preferences of 
product. But, lack of structure and incompleteness of the 
traditional survey introduced the lost or errors of 
importance of the quality requirement of a product during 
the analysis. For the purpose of improvement of these 
issues, we have been working on developing the 
ISO/IEC25000 (SQuaRE) series [1,2,3,4,5] of standards 
for quality requirements and evaluation for system and 
software product for a long time in ISO/IEC JTC1 (Joint 
Technical Committee 1 of the International Organization 
for Standardization and the International Electro technical 
Commission) SC7WG 6 (software and systems 
engineering under ISO technical committee, working 
group six).  

As part of this project, we have also worked on the 
developments of ISO/IEC9126-1 [6] (This standard has 
revised to ISO/IEC25010:2011 [7]) which are the 
standards to provide supporting technology for above 
mentioned works and also we have developing the quality 
characteristics. Currently, the method of quantitative 
quality requirement definitions [3] and evaluation [4,5] 
based on ISO/IEC9126-1 quality model is widely 
recognized and used . ISO/IEC9126-1 [6] defines the six 
quality characteristics of the system and these six quality 
characteristics are defined based on the model of Boehm 
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[9] or McCall [10], or from the view point of a 
stakeholder's wide experience. Through analyzing 
customer requirements based on these six quality 
characteristics, it may be performed complete and 
objective evaluation of customer quality requirements for 
a system product. Although a certain level of 
improvement is expected in the completeness of 
describing product quality objectives by using the 
ISO/IEC 9126 quality model. But, the ambiguity and lack 
of verification of the ISO/IEC9126 quality model has 
made it incomplete to assure the quality objectives of a 
product which are completely described to satisfy the 
customer quality requirements. In the precedent study, we 
have introduced the requirements definition and 
evaluation method [11] for each quality of system product 
based on the system quality model defined in 
ISO/IEC9126 and proposed the effectiveness of using six 
quality characteristics statistically[12]. On the other hand, 
in order to assess a total quality of whole system, it is 
necessary to gather the individual quantitative evaluation 
results to one evaluation indicator in some kind of 
algorithm and assess the superiority and inferiority of the 
whole system generally. However, general method of 
integrated assessment of whole system quality has not 
been established. Even if quality of product can be 
evaluated from the view point of six quality characteristics, 
but the method of general quality assessment of system 
has not been sure. Therefore, quantitative and objective 
assessment or comparison of a quality of final developed 
whole system has been extremely difficult work for 
developers or acquirers. As the result, it is very difficult to 
select suitable product objectively from the alternative 
candidate products. In recent years, customers are able to 
purchase products based on an increasing number of 
customer reviews posted on the internet web site. This 
study focuses on negative opinion of Laptop Personal 
Computers (LPCs) posted by consumers and analyzes 
result of such reviews based on the six quality 
characteristics. Reasons for choosing LPCs are, at first, 
LPCs have at-tribute and characteristics that correspond to 
the six quality characteristics, and there is a large amount 
of data available on the non-functionality and non-

quantitatively requirements on online review web-sites. 
Also, this study has used the statistical analysis approach 
based on the precedent study of system product and 
process improvement [12,13].  

For the purpose of solving this kind of issues, this paper 
proposed the three types of method of developing the 
global quality assessment indicator (GQAI: this paper call 
global quality assessment indicator as GQAI) for 
evaluation of total quality of system product from the 
view point of six quality characteristics. Also, this study 
has developed prediction model and verified these 
integrated assessment indicators by using inherent 
attributes of system product. Furthermore, this paper 
proposes the result of verification about effectiveness of 
method for developing GQAI and effectiveness of 
adaptation of method to predicting total quality of system 
product.  

2. Concept 

2.1. Quality Requirement and Evaluation 
Figure 1 shows the concept of system product 

implementation supported by ISO/IEC25000 (SQuaRE) 
series of standard. Customers have requirements for an 
inherent attributes of system product. In order to perform 
development, at first, developers should specify a quality 
requirement from the view point of customer needs. 

Developer should make specifications and confirm the 
real needs of the customers at the beginning of design, and 
should define the concrete inherent attribute quantitatively 
for implementing a product. After implementation, 
developer and customer should assess the target system 
product based on the quality requirement specification in 
order to assure the total quality of implemented product. 
From Figure 1, ISO/IEC25030 provides the requirements 
and recommendations for specifying the quality 
requirements from the view point of selected customer 
needs. The specified quality requirements should be used 
as the criteria of system product quality evaluation as 
shown in Figure 1. 

 

Figure1. Total Frame work of Quality Requirement and Evaluation of SQuaRE

Quality requirements of system can specify by using the 
process defined in ISO/IEC25030 [3] based on the six 

quality characteristics included in the ISO/IEC9126-1 
quality model. From Figure 1, system quality can evaluate 
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by using ISO/IEC25040, 25041 [4,5] after implementation 
based on the quality requirements defined during system 
design phase. A good system is the product which is high 
quality in a sufficiency degree of the product for the 
customer needs, and it is thought that the satisfaction of 
quality of the product for the customer is high. Therefore, 
negative opinion of inherent attribute of the product can 
be the target of decision for the purchase. It is thought that 
the customer satisfaction of the product depend on the 
inherent attribute of a product, which comes out from the 
customer needs for the target product. The developer 
should implement the inherent attribute of the product to 
the target system based on the customer needs. 

After completion of products implementation, concrete 
inherent attribute of product and production cost is 
decided. If the customer satisfaction for an inherent 
attribute is high, as a result, the sales of the product may 
increase. Here, price is not inherent attribute but assigned 
attribute. If developers wish to evaluate the customer 
satisfaction from the view point of product quality, they 
should evaluate a product from the view point of inherent 

attributes of product. Therefore, this study performed only 
focus on the inherent attributes of system product. 

This study has tried to develop the prediction model 
that can predict customer satisfaction judging from the 
viewpoint of six quality characteristics of the product by 
using the inherent attributes of the products. 

2.2. Total Customer Satisfaction 
Figure 2 shows the concept of total customer 

satisfaction, which is influenced by an inherent attributes 
of system product. Form Figure 2, inherent attributes of 
system product cause inherent quality of system products 
from the view point of six quality characteristics. Part of 
inherent attributes of product may influence to number of 
negative opinion from customers. And, inherent quality of 
product is evaluated by the negative opinion from 
customers. 

Therefore, inherent quality of product may influence to 
customer satisfaction from the view point of each six 
characteristics. 

 

Figure 2. Concept of influence between inherent attributes 

Total customer satisfaction is obtained from each 
customer satisfaction taking into account the six quality 
characteristics. On the other hand, inherent attribute of 
system product may influence the assigned property of 
product such as cost and price. Furthermore, quality and 
price may influence the outcome of sales. In this paper, we 
tried to investigate about relationship among inherent 
attributes and each customer satisfaction of product, which 
have obtained from the viewpoint of six quality 
characteristics defined in ISO/IEC9126-1. 

2.3. Global Quality Assessment Indicator 
Acquirers have needs of assessment of full product for 

system acquisition. In order to perform acquisition, at first, 
specification of quality requirement for product should be 
performed from the view point of six quality 
characteristics by using ISO/IEC 25030 [3]. In defining 
the customer quality requirements of a system, identifying 

negative opinion of a product based on the quality model 
and setting quality objectives of a product should be 
performed in the product design phase. 

Acquirer should evaluate the system product based on 
the requirement specification of product by using ISO/IEC 
25040 [4] in order to accept the developed product. 

Usually, customer needs include functional or non-
functional requirements. Non-functional requirement can 
include quality requirement and other requirement such as 
hardware, data, and business requirement so on. 

Quality requirement can be defined from the view point 
of six quality characteristics included in the quality model 
defined in ISO/IEC 9126-1 [6] and ISO/IEC 25020 [8]. 

Figure 3 shows the implementation process of GQAI of 
system quality based on the concept of total customer 
satisfaction as shown in Figure 2. 

A quantitative degree of attributes of customer 
satisfaction can be measured by quality measure element 
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by using actual negative opinion of inherent attributes of 
product. After that, quantitative degree of customer 
satisfaction from the view point of each six quality 
characteristics can be calculated by using the algorism 
defined in quality measures. GQAI can be implemented 

by using the quality measures from the view point of each 
six quality characteristics. 

Therefore, a quantitative degree of total assessment of 
system product from the view point of customer 
satisfaction can be obtained by using the suitable algorism 
defined in GQAI. 

 

Figure 3. Development Process of Total Quality Assessment Indicators 

2.4. System and Software Quality Model 
Figure 4 shows the structure of the System Quality Model 

defined in ISO/IEC9126-1. Recently, ISO/IEC9126-1 has 

replaced by ISO/IEC25010:2011，but it is widely recognized 
and actually used, then this study focus on the ISO/IEC9126-1. 
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Figure 4. System and software product quality model 

From Figure 4, this model includes the six quality 
characteristics for system and software product as follows: 
Functionality, Reliability, Usability, Efficiency, 
Portability and Maintainability. 

・Functionality can provide the ultimate function for 
supporting the improvement of work. And, Usability 
provides the ease of use of the system. 

・Reliability and Efficiency represents the capability 
possessed in the system, and is the characteristic 
associated with sustaining the quality objectives 
determined by the Functionality and Usability. 

・Maintainability and Portability provide the capability 
of the system to adapt to changes in the system 
environment and the usage environment. 
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3. Analysis Process 

3.1. Target Entities of Analysis 

This study first collects the customers complaints, i.e., 
expression of customer dissatisfaction posted on a review 
of website where customers who actually purchased 
personal computer related products post their complaints 
as shown in Table 1.  

Table 1. Example of negative review from web-site 
Six quality 

characteristics Category of negative review Number of Negative Opinions (count) 
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 Si 

functionality Number of Built-in application a1i 0 0 1 0 0 0 0 0 0 0 0 

A Kind of OS a2i 0 0 1 0 0 0 0 1 0 0 0 

usability 
Easiness in seeing screen b1i 14 3 11 3 3 11 2 0 2 6 3 
Easiness to use Keyboard b2i 6 3 5 6 2 12 3 5 1 12 4 

Weight of body b3i 5 0 8 0 2 1 0 1 2 1 0 

readability 
Number of fault c1i 1 0 1 1 0 4 0 0 0 0 0 

A production country c2i 3 0 4 5 0 7 0 0 1 2 1 
Capacity of Battery c3i 6 1 1 12 0 0 0 0 7 9 1 

efficiency 
Drive time d1i 2 0 3 3 0 1 1 4 0 0 1 

Transaction speed d2i 13 0 0 8 0 3 0 2 1 1 0 
portability Number of USB port e1i 7 1 2 0 1 0 1 0 0 3 3 

maintainability Customer support f1i 1 1 0 0 0 0 1 0 1 1 0 
Total number of Review RCi 58 22 38 41 26 78 23 19 21 35 32 

Si : Example of target laptop personal computers ( i : Number of sample product ( i = 1 ～ 35) ) 

Table 2. Importance of customer needs by six quality 
Six quality 

characteristics Category of Questions 
Samples of Customers Weight 

:Importance Ratio U1 U2 U3 U4 U5 Un 

functionality 
Number of Built-in application Qa1n 14 10 9 10 7 14 

M 0.6350 
A Kind of OS Qa2n 9 4 2 9 12 11 

usability 

Easiness in seeing screen Qb1n 4 2 5 3 4 5 

N 0.7260 
Screen Size Qb2n 5 3 13 8 5 4 

Easiness to use Keyboard Qb3n 6 9 14 12 3 6 
Weight of body Qb4n 8 6 8 7 10 10 

readability 
Number of fault Qc1n 3 5 3 1 11 7 

O 0.7610 A production country Qc2n 11 12 11 5 14 9 
Capacity of Battery Qc3n 2 8 6 4 8 1 

efficiency 
Drive time Qd1n 7 7 7 3 9 3 

P 1.0000 
Transaction speed Qd2n 1 1 1 2 2 2 

portability 
Number of USB port Qe1n 12 11 12 11 6 13 

Q 0.4440 
Number of Memory Slot Qe2n 10 14 10 13 1 12 

maintainability Customer support Qf1n 13 13 4 14 13 8 R 0.5480 
Un : Example of customers ( n : Number of customers (n=1～TN), TN=61 

The study, then, classifies the posted customer negative 
opinions from the view point of six quality characteristics 
defined in the ISO/IEC9126-1. 

After that, obtains the weight by the questionnaires 
about inherent attribute of each quality characteristic to 
represent importance of quality characteristic for the 
customers. Table 2 show the obtained result of 
quantitative degree of importance (weight) for each six 
quality characteristics. 

Furthermore, this study has collected inherent attributes 
of target products, i.e., CPU, HDD capacity, Weight of 
body, Drive time, as shown in Table 3. 

3.2. Verification Process 
Step1: This study has calculated the observed customer 

satisfaction from the viewpoint of six quality 
characteristics by using the method for obtaining customer 
satisfaction, and effectiveness of this method has proposed 
in the precedent study [12]. The degree of customer 
satisfaction is able to obtain from the consideration of 
importance (weight) for customer satisfactions by each six 

quality characteristics for the target system as shown in 
Table 5.  

Step2: This study has developed the GQAI of total 
customer satisfaction by using the quality measures of 
customer satisfaction based on the concept of 
implementation process of global quality assessment 
indicators as shown in Figure 3.  

Step3: This study has performed correlation analysis 
among degree of total customer satisfaction obtained from 
GQAI and inherent attributes of LPCs, and has confirmed 
the correlation between each customer satisfaction and 
inherent attributes of the target system as shown in Table 
5.  

Step4: This study has developed the model that actually 
predicts the degree of total customer satisfaction of the 
target system products by using the degree of inherent 
attributes of product based on the concept of Figure 3. 

Step5: This study has performed multiple-regression 
analyses and for performing the multiple regressions 
analysis has assigned the degree of each total customer 
satisfaction as an objective variable and assigned the 
degrees of inherent attributes as explanatory variables 
based on the consideration of result of correlation analysis.  
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Step6: This study has confirmed the possibility of 
whether or not the degree of total customer satisfaction of 
product could be derived from the degree of inherent 
attributes of target product by using developed GQAI. 

Step7: Finally, this study verified the advantage of 
proposed method for assessment of total quality of system 
based on the result of multiple regression analysis. 

Table 3. Example of the Inherent Attribute of LPCs 
 Inherent Attributes 

 CPU  GPU Resolution 
(Dot) 

Weight 
of body 

(Kg) 

Drive 
time 
(Sec) 

Num
ber 
of 

USB 
port 

Num
ber 
of 

mem
ory 
slot 

prod
uctio

n 
count

ry 

Cock 
speed 
(GHz) 

Cash 
Mem
ory 
size 

(MB) 

Liquid 
crystal 

size 
(MB) 

Mem
ory 

capac
ity 

(GB) 

Capa
city 
of 

SSD 
Mem
ory 

(GB) 
Si a b c d e f g h i j k m n o 

S1 
Core i5 
2410M 0 

Intel HD 
Graphics 

3000 
1366x768 1.000 13.00 3 1 J 2.3 3 10.1 2 128 

S2 
Core i5 
460M 0 Intel HD 

Graphics 1366x768 1.205 12.00 3 1 J 2.5 3 10.1 2 128 

S3 
CORE 

I3 
2310M 

500 
RADEO

N HD 
6470M 

1366X768 1.720 8.50 3 1 J/ C 2.1 3 13.3 4 0 

S4 
Core 

i3 380
M 

160 Intel HD 
Graphics 1366*768 1.185 7.50 3 1 J 2.5 3 10.1 2 0 

S5 

PENTIU
M DUL-
COREB

940 

640 
INTEL HD 
GRAPHIC

S 
1366*768 2.400 2.10 3 2 T/C 2.0 2 15.6 4 0 

S6 
CORE 

I5 
2410M 

750 
INTEL HD 
GRAPHIC

S 3000 
1366*768 2.400 2.30 2 2 T/C 2.3 3 15.6 4 0 

S7 
Core i5 
2520M 500 

Intel HD 
Graphics 

3000 
1280x800 1.330 15.50 3 1 J 2.5 3 12.1 4 0 

S8 
Core i5 
2520M 640 

Intel HD 
Graphics 

3000 
1280x800 1.340 16.50 3 1 J 2.5 3 12.1 4 0 

S9 
CORE 
I3 380

M 
320 

INTEL HD 
GRAPHIC

S 
1366*768 2.500 5.20 3 2 C 2.5 3 15.6 2 0 

S10 
CORE 

I7 2630
QM 

640 GEFORCE 
GT 540M 1920*1080 3.200 2.50 3 3 J/C 2 6 16 8 0 

Si : Example of target laptop personal computers ( i : Number of sample product ( i = 1 ～ 35) ) 
In recent years, due to the explosion of the Internet, 

purchasing behaviours of customers have significantly 
changed. For example, an increasing number of customers 
can order a product directly from an electric commerce 
site without visiting brick-and-motor shops while 
remaining at home. 

The degree of customer satisfaction is an indicators 
used in marketing that represents how a product or service 
produced by a company meets customer expectations. 

This study has focused on online reviews posted on the 
Internet, an effective alternative to face-to-face interviews 
of customers, and has used the online negative reviews of 
a system product as the data of investigation. 

This study has collected online reviews of products 
posted at a web-site, kakaku.com [14] as customer's 
expression of his/her dissatisfaction of system products.  

Table 1 show the part of collection data concerning 
negative opinions from web-site, which total number of 
type of LPCs is 35 and total number of review is 457. 
From Table 1, this study has counted the number of online 
negative opinions for each concrete category of interest of 
LPCs from the view point of the six quality characteristics.  

This study has collected and classified online negative 
opinions from the view point of the six quality 
characteristics in this manner. 

3.3. Degree of Customer Satisfaction 
Furthermore, for each product, this study has obtained 

the degree of importance (weight) for each six quality 
characteristics taking into account the interest of attribute 
of LPCs by six quality characteristics as shown in Table 2. 

Table 2 shows the example of questionnaires and the 
obtained result of importance of quality needs by each six 
quality characteristics obtain from questionnaires. 

For example, the questionnaires have asked to the 
customers, "in purchasing a LPC, what attributes are 
important?" and the customers have assigned the numeric 
order number between 1 and 15 based on the importance. 

The meaning of order number 1 is the most important 
attribute for the quality characteristic, and the weights for 
the six quality characteristics have normalized in the range 
from 0 to 1. 

This study has quantitatively calculated the importance 
of customer needs for each six quality characteristics. 

For example, the importance of functionality as M is 
obtained from the equation (1). 

 ( ) ( )
( )

1 11 1 1 2

max , , , , , 2

TN TN
n nON Qa n ON Qa n

M
M N O P Q R TN

= =+ + + + −
=

× ×
∑ ∑  (1) 

 

http://kakaku.com/pc/note-pc/ma_0/s1=41/
http://kakaku.com/pc/note-pc/ma_0/s1=41/
http://kakaku.com/pc/note-pc/ma_0/s1=41/
http://kakaku.com/pc/note-pc/ma_0/s1=41/
http://kakaku.com/pc/note-pc/ma_0/s1=41/
http://kakaku.com/pc/note-pc/ma_0/s1=41/
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M: Importance ratio of Functionality (weight) 
Qa1n : Order number of importance (Sa1 =1～ON) 
Qa2n : Order number of importance (Sa2 =1～ON) 
n : Number of customers (n=1～TN) 
ON: Maximum order number (ON=14) 
TN: Total number of customers (TN=61) 
From Table 2, TN is the total number of customers, 

which total number of customers is 61, and p is the weight 
for the efficiency determined from the questionnaires. 

This study focused on laptop computers (LPCs). 
Table 3 shows the part of collection data concerning 

inherent attributes of LPCs from web-site, which total 

number of type of LPCs is 35. Inherent attribute refers to 
the degree to which attributes of target product have the 
intrinsic potential to satisfy stated and implied needs when 
LPCs is used under specified conditions. 

From the inherent point of view, Attribute of LPCs is 
product itself, in particular to shown in Table 3. 

Table 4 shows the parts of result of degree of observed 
customer satisfactions from the view point of each six 
quality characteristics. By applying the weight for each of 
the six quality characteristics, this study has quantitatively 
calculated the degree of customer satisfaction for each six 
quality characteristics. 

Table 4. Degree of observed customer satisfaction by six quality characteristics 

Sample products 
Functionality Usability Reliability Efficiency Portability Maintainability 

SAi SBi SCi SDi SEi SFi 
S1 1.0000 0.7993 0.9110 0.7732 0.9464 0.9906 
S2 1.0000 0.8600 0.9654 1.0000 0.9798 0.9751 
S3 0.9764 0.7231 0.9150 0.9211 0.9766 1.0000 
S4 1.0000 0.8812 0.7580 0.7916 1.0000 1.0000 
S5 1.0000 0.8849 1.0000 1.0000 0.9829 1.0000 
S6 1.0000 0.8482 0.9213 0.9595 1.0000 1.0000 
S7 1.0000 0.8862 1.0000 0.9565 0.9807 0.9762 
S8 0.9666 0.8052 1.0000 0.7646 1.0000 1.0000 
S9 1.0000 0.8963 0.7438 0.9524 1.0000 0.9739 

S10 1.0000 0.7209 0.7995 0.9714 0.9619 0.9843 
Si 1.0000 0.8866 0.9664 0.9688 0.9584 1.0000 

Si : Example of target laptop personal computers ( i : Number of sample product ( i = 1 ～ 35) ) 
For example, the degree of customer satisfaction for 

SAi (functionality) and Sa1i is obtained as following 
equation (2) and (3). 

 1
1

i
i

a M
sa

RC
×

=  (2) 

 2 2
1 21i i iSA sa sa= − +  (3) 

SAi : Customer satisfaction of functionality 
sa1i: Ratio of un-satisfaction of efficiency by each 

category 
a1i : Number of negative opinion of functionality  
i : Number of sample product (i=1～35) 
M: Importance ratio of functionality (weight) 
RC: Total number of online reviews of a given product 

3.4. Global Quality Assessment Indicators 
This study has developed the three types of GQAI of 

degree of total customer satisfaction. For example, the 
degree of total customer satisfaction of Y1m, Y2m and Y3m 
are obtained by using each category of customer 
satisfaction of LPCs as following equations (4), (5) and 
(6). 

m 1i 2i 1i 2i 3i 1i

2i 3i 1i 2i 1i 1i

Y1 1  AVG (sa sa sb sb sb sc
sc sc sd sd se sf )

= − + + + + +

+ + + + + +
 (4) 

 m i i i i i iY2 AVG (SA SB SC SD SE SF )= + + + + +  (5) 

 2 2 2 2 2 2
m i i i i i iY3 SA SB SC SD SE SF= + + + + +  (6) 

m=1 or 2 (1: consider weight , 2: not consider weight ) 

Furthermore, this study has predicted the degree of total 
customer satisfaction in order to compare the advantage of 
method for implementing GQAI.  

For example, the degree of predicted total customer 
satisfaction of yA is obtained by using inherent attributes 
of LPCs as following equations (7). 

 0 1 2 14yA  a b or r r r= + × + × ×･････  (7) 

yA: Predicted customer satisfaction of functionality  
rn : partial regression coefficient (n=0～14). 

4. Verification of GQAI 
This study has developed the model that actually 

predicts the degree of total customer satisfaction by each 
three types of GQAI from the degree of inherent attributes 
of target product. 

And, the effectiveness of integration method to assess 
the total quality of system product has been verified based 
on the result that degree of total customer satisfaction by 
each three types of GQAI could be derived from the 
degree of inherent attributes corresponding to the target 
product. 

4.1. Correlation Matrix between Observed 
Total Customer Satisfaction and Inherent 
Attributes 

Table 5 shows the result of correlation analysis between 
inherent attribute and obtained total customer satisfaction 
of LPCs by each three types of GQAI. 
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The degree of total customer satisfaction by Y1m could 
obtained from equations (4) based on the Table 1 and 
Table 2. 

The degree of total customer satisfaction by Y2m and 
Y3m of GQAI could obtained from equations (5) and (6) 

based on the degree of customer satisfaction by each six 
quality characteristics as shown in Table 4. 

From Table 5, correlation of total customer satisfactions 
by each three GOAIs and some of inherent attributes of 
LPCs are recognized. 

 

Table 5. Correlation Matrix between total customer satisfaction and inherent attributes 

Inherent Attribute of LPC Total customer satisfaction by three types of GQAI 
Y11 Y12 Y21 Y22 Y31 Y32 

Consideration of Importance (Weight) ○ × ○ × ○ × 
CPU a 0.2601 0.1729 0.3072 0.2173 0.2922 0.2015 

HDD capacity b -0.0815 -0.1316 -0.0903 -0.1570 -0.1222 -0.1852 
GPU c -0.1079 -0.1913 -0.0457 -0.1415 -0.0560 -0.1487 

Resolution d -0.0776 -0.0660 -0.0997 -0.0868 -0.1248 -0.1181 
Weight of body e -0.1162 -0.1236 -0.1098 -0.1260 -0.1395 -0.1610 

Drive time f 0.1981 0.1849 0.2105 0.2085 0.2341 0.2405 
Number of USB port g 0.0870 0.1381 0.0756 0.1341 0.0771 0.1409 

Number of memory slot h -0.4177 -0.4171 -0.4189 -0.4255 -0.4347 -0.4398 
A production country i 0.1716 0.1855 0.1066 0.1303 0.1241 0.1620 
Clock speed ( (GHz) j 0.1449 0.1336 0.1876 0.1881 0.1931 0.2023 

Cash Memory size (MB) k 0.0550 0.0230 0.0717 0.0280 0.0417 -0.0163 
Liquid crystal size (MB) m -0.0933 -0.1163 -0.0972 -0.1320 -0.1276 -0.1680 
Memory capacity (GB) n 0.1731 0.1276 0.1960 0.1448 0.1664 0.1110 

Capacity of SSD Memory o 0.1692 0.1465 0.1967 0.1756 0.1997 0.1766 
Intended Inherent Attributes  afhino acfhio afhjno afhjo afhjno abfhjo 

Table 6. Result of Multiple regression Analysis for verify the global assessment of indicator of system 

Inherent Attribute of LPC Result of comparison among Types of GQAI 
Y11 Y12 Y21 Y22 Y31 Y32 

Consideration of Importance (Weight) ○ × ○ × ○ × 
Constant r0 1.0172 1.0199 1.0302 1.0565 2.5077 2.5886 

CPU a r1 0.0106 0.0262 0.0273 0.0453 0.0593 0.1155 
HDD capacity b r2 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0001 

GPU c r3 0.0000 -0.0170 0.0000 0.0000 0.0000 0.0000 
Resolution d r4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Weight of body e r5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Drive time f r6 -0.0013 -0.0016 -0.0022 -0.0029 -0.0043 -0.0061 

Number of USB port g r7 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Number of memory slot h r8 -0.0035 -0.0366 -0.0543 -0.0644 -0.1170 -0.1311 

production country i r9 -0.0057 -0.0015 -0.0065 -0.0140 -0.0137 -0.0290 
Clock speed ( (GHz) j r10 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Cash Memory size (MB) k r11 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Liquid crystal size (MB) m r12 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Memory capacity (GB) n r13 0.0035 0.0000 0.0047 0.0000 0.0091 0.0000 

Capacity of SSD Memory o r14 0.0000 -0.0001 0.0000 -0.0001 0.0000 -0.0005 
Parameter   afhino acfhio afhjno afhjo afhjno abfhjo 

Result of 
analysis of 
Variance 

R:Multiple correlation coefficient 0.5830 0.5250 0.6034 0.5307 0.5941 0.5390 
R2: coefficient of determination 0.3398 0.2757 0.3641 0.2816 0.3529 0.2906 

F-Value 2.4023 1.7759 2.6722 2.2738 2.5451 1.9113 

4.2. Multiple Regressions Analysis 
This study has performed multiple-regression analyses 

and has assigned the degree of total customer satisfaction 
by each three types of GQAI as an objective variable and 
assigned the degrees of intended inherent attributes as 
explanatory variables as shown in Table 6. 

Table 6 shows the six types of developed prediction 
models based on the consideration of importance of 
customer needs and about the result of correlation analysis 
shown in Table 5. From the Table 6, the result of multiple-
regression analysis between the observed total customer 
satisfaction Y11 and the concerning inherent attributes “a, 
f, h, i, n, o” shows that the degree of the multiple-

regression coefficients and the determination coefficients 
are 0.5830 and 0.3398, respectively. In addition, 
maximum value of F-test is 2.4023 and it is lower than 5% 
(F0 = 2.4205) not significance level.  

The result of multiple-regression analysis between the 
observed total customer satisfaction Y21 and the 
concerning inherent attributes “a, f, h, j, n, o” shows that 
the degree of the multiple-regression coefficients and the 
determination coefficients are 0.6034 and 0.3641, 
respectively. In addition, maximum value of F-test is 
2.6722 and it is higher than 5% (F0 = 2.4205) significance 
level. 

Also, the result of multiple-regression analysis between 
an observed total customer satisfaction Y31 and the 
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concerning inherent attributes “a, f, h, j, n, o” shows that 
the degree of the multiple-regression coefficients and the 
determination coefficients are 0.5941 and 0.3529, 
respectively.  

The maximum value of F-test is 2.5451 and it is higher 
than 5% (F0 = 2.4205) significance level. 

From Table 6, the cause and effect relationship between 
the degrees of observed total customer satisfaction 
obtained by GQAI such as Y21, Y31 and intended inherent 
attributes of those corresponding LPCs has observed. 

On the other hand, the cause and effect relationship 
between the degree of observed total customer satisfaction 
obtained by another method such as Y12, Y22 and Y32, 
which has not considered the importance of customer 
needs for each six quality characteristics, could not be 
observed. 

5. Conclusion 
Based on the result of verification about the integration 

method of GQAI, this study confirmed the followings.  
This study verified the accuracy of the method for 

implementing GQAI about Y21, Y31 which has integrated 
by using the degree of customer satisfaction from the view 
point of six quality characteristics and has considered 
importance of customer needs and usefulness of those 
indicators are recognized. 

Also, effectiveness of method Y21 is recognized most 
high based on the consideration of Table 6. 

This study also verified the accuracy of the method for 
implementing the method Y11, which has not considered 
the view point of six quality characteristics, and 
usefulness of those indicator are not recognized. 

From Table 6, the necessity of consideration of 
importance (Weight) from the view point of six quality 
characteristics for integration to GQAI has recognized. In 
addition, relationship between degree of total customer 
satisfaction by using GQAI and the inherent attribute of 
product has recognized. 

In the future study, the author plans to investigate the 
application of GQAI based the concept of this study to 
other systems and inspect the proposed method to assess 
the total quality of system products. 
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