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Abstract—Consumers' evaluation of cigarette quality directly affects their willingness to repeat purchase. In
order to find out the relationship between the consumer evaluation indicator and the quality of cigarette
products, to effectively guide the improvement of cigarette manufacturing technology, based on the
evaluation standards of the sensory quality of the cigarette industry, the hierarchical structure indicator of
attribute elements of cigarette products are established by using the analytic hierarchy process. Through the
quantitative investigation of consumers and the investigation of experts, combined with the correlation
analysis, the correlation degree between the evaluation indicators of consumers and the design elements of
product attributes is verified, and the path is modified and optimized by Shapley value decomposition
method. Finally, the transformation path of the internal quality demand of cigarette consumers is completed
Build. The establishment of this path can effectively solve the problems of correlation between cigarette
sensory quality and cigarette manufacturing technology, as well as the corresponding relationship between
cigarette sensory quality and consumer evaluation of cigarette quality indicators. It is of considerable
significance to effectively guide the improvement of cigarette product formula and improve consumer

satisfaction through consumer evaluation.

1 INTRODUCTION

For a long time, consumers have a set of their language
to evaluate the quality of cigarettes, which is different
from the technical indicators of cigarette manufacturing
and the evaluation methods of professional cigarette
formulators. At present, the sensory quality of cigarettes
depends on the layer of cigarette manufacturing
technology. The evaluation of cigarette quality by
consumers is often closely related to the sensory quality
of the cigarette. However, there are many complex
factors in cigarette manufacturing technology. Although
the tobacco industry has established the relevant sensory
quality evaluation standard of cigarettes [1], however,
there are few reports on the correlation between the
sensory quality of cigarette and cigarette manufacturing
technology, and the corresponding relationship between
sensory quality of cigarette and consumer evaluation
indicator of cigarette quality.

The analytic hierarchy process (AHP) is a relatively
mature decision analysis method at present. It introduces
the concept of layering to structure complex problems. It
is a practical decision analysis method that effectively
combines the qualitative judgment and quantitative
calculation of decision-makers[2-4]. Through a literature

search, AHP has been applied in the establishment of a
credit indicator system of the tobacco industry. For
example, Zhu Jun [5] put forward some ideas and
suggestions on the establishment of credit indicator
system of the tobacco industry by using AHP, and made
a practical analysis combining with Tianjin tobacco;
Zheng Xiaoping et al. [6] put forward a credit evaluation
indicator system and corresponding dynamic credit
evaluation model of operators, which includes three
first-layer indicators and 10-second-layer indicators, by
using AHP. By analyzing the characteristics of tobacco
monopoly retail operators, the connotation and category
of credit, He Ruhan[7] and others applied group
decision-making and AHP to construct the credit
evaluation indicator system of retail cigarette customers.

Therefore, the purpose of this study is to analyze the
relationship between cigarette sensory quality indicator,
consumer  evaluation indicator, and  cigarette
manufacturing technology indicator by AHP combined
with regression Shapley value decomposition method,
and finally complete the construction of the
transformation path of cigarette consumers' internal
quality demand. From the perspective of the application,
it can effectively solve the problems of correlation
between cigarette sensory quality and cigarette
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manufacturing technology, as well as the corresponding
relationship between cigarette sensory quality and
consumer evaluation indicators of cigarette quality, to
effectively guide the improvement of cigarette product
formula through consumer evaluation and improve
consumer satisfaction [3,4].

2 EXPERIMENTAL MATERIALS AND METHODS

A.  Data source

This survey adopts the methods of consumer survey
and expert survey, using consumer indicators and
product attribute design elements (expert technical
indicators) for Smoking assessment. Among them, the
expert survey invited 10 product evaluation experts from
Yunnan China Tobacco Technology Center, and the
consumer survey recruited 133 heavy cigarette
consumers from seven regions of the country (smoking
age of 2 years and above, daily average smoking amount
of more than ten cigarettes). The survey covers seven
regions and two cities in each region, totaling 14 cities;
each city has ten questionnaires, totaling 140, and each
city has one backup questionnaire. The final number of

questionnaires is 154, and the actual valid questionnaire
is 133, the qualified rate is 86.3%, 144 verification
questionnaires, qualified 133, the qualified rate is 92.4%.
In terms of test product selection, the top 40 cigarette
products in China in 2017 were selected as the research
objects, covering one, two, three, four different price
categories, and different price levels of cigarette
products. See table 1-2 for sample distribution.

B.  Indicator collection

According to the technical standards of Yunnan
China tobacco products enterprises[1], concerning the
suggestions of process experts, and combined with the
sensory quality evaluation standards of cigarettes
established by the tobacco industry, the design elements
of the attributes of Yunnan China tobacco products are
preliminarily obtained. After expert workshop discussion,
the product attribute design elements are divided into
two layers: design-layer (9 indicators for product
formulation and process improvement) and result-layer
(21 indicators for sensory quality evaluation), As shown
in Table 3.

TABLE1 DISTRIBUTION OF QUANTITATIVE SAMPLES N=133
southwest Northwest northeast
region East China North China South China Central China
China China China
City Shanghai Beijing Guangzhou Chengdu Xi'an Shenyang Wuhan
sample size 11 10 9 11 8 10 8
City Ningbo Baoding Shenzhen Kunming Lanzhou Harbin Zhengzhou
sample size 8 11 8 10 9 11 9
total 19 21 17 21 17 21 17
male 16 18 14 18 14 18 15
female 3 3 3 3 3 3 2
rate/% 14.29% 15.79% 12.78% 15.79% 12.78% 15.79% 12.78%
TABLE2 PRICE CATEGORY AND TAR CONTENT DISTRIBUTION OF 40 TEST PRODUCTS
Number of
Cigarette price Price class definition Tar yield Number of products
products
Price class I o )
) 10 Retail price is more than 180 yuan/piece <=8mg 8
cigarette
Price class II P . . . .
) 10 Retail price is 130 yuan / piece (including) - 180 yuan / piece 9-10mg 13
cigarette
Price The retail price is 60 yuan / piece (including) - 130 yuan /
. 13 ) 11-12mg 9
classllIcigarettes piece
Price ; The retail price is 30 yuan / piece (including) - 60 yuan /
classIVcigarettes piece
Price o .
) 0 Retail price is less than 30 yuan/piece
classVcigarettes

TABLE 3. PRODUCT ATTRIBUTE ELEMENTS

Design-layer
(9 indicators)

X9: packaging material

X1: cut tobacco, X2: tobacco leaves, X3: Spice formula, X4: flavor formula, X5: technology of threshing and redrying, X6:
technology of tobacco manufacture process, X7: Physical indicators of cigarettes, X8: cigarette material,

Result-layer
(21 indicators)
Y13: harmony,

Y1: odor, Y2: packet opening aroma, Y3: smoke density, Y4: impact, Y5: softness, Y6: cigarette smoke concentration,Y7:
smooth, Y8: diffusivity, Y9: abundance, Y10: aroma quality, Y11: aroma volume, Y12: mellowness,

Y14: offensive taste, Y15: irritancy in nasal, Y16: irritancy in oral, Y17: irritancy in throat, Y18: cleanness,
Y19: salivation, Y20: oral comfort, Y21: after taste
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Remarks: cut tobacco include: cut stem, Adding proportion of expanded tobacco, Proportion of upper, middle and lower leaf, Adding proportion
of Reconstituted tobacco

tobacco leaves include: leaf grade

Physical indicators of cigarettes include: cigarette length, Circumference, Weight, draw resistance, Hardness, dust content, Moisture content,
Total ventilation rate

cigarette material include: Filter Rod, printing ink, Cigarette paper, tipping paper, plug wrap paper

packaging material include: Inner—frame paper,outer-frame paper, trademark, carton packing, printing ink

consumer indicators, as the consumer evaluation
indicator in the exploration and research of the
transformation path of internal quality demand of
consumers (see table 4).

This study uses the results of previous studies for
reference. It adopts a set of optimized evaluation
indicator system of internal attributes of consumer
cigarettes that can be used in the study [8], including 16

TABLE 4. CONSUMER EVALUATION INDICATORS (16)

Variable Indicator title Indicator description
pure flavor/aroma of It smells of tobacco flavor, no flavors or additives.
21 tobacco
72 unique/special odor The smell has a unique fragrance, which is distinctive and distinguishable.
73 strong & light odor A firm or light aroma in the process of smelling
74 oral comfort The cigarette has a soft entrance, no bitterness, no irritation of the tongue.
75 mouth moist There is no feeling of dryness, dryness, and burning in the mouth during the whole suction process.
76 Oral richness sensation ‘When smoking, the smoke in the mouth is full and sufficient.
z7 stability When smoking, the feeling is consistent from the first to the last.
78 throat comfort When smoke enters the throat, there is no burning or hot feeling in the throat.
79 Softness, Smooth and grainy When the smoke is inhaled, the throat feels soft and delicate, without the sense of particles.
Z10 smooth The smoke can enter the throat smoothly, and smoking is not difficult.
Z11 impact The smoke concentration is moderate, and it can be easily swallowed, not top the throat.
712 nasal comfort The intensity of the burning sensation of cigarettes on the nose when smoke enters the nose
713 abundance When the smoke enters the nasal cavity, it feels luxurious, harmonious, and layered.
714 aftertaste It is not bitter or spicy after smoking, and it is sweet again.
zZ15 aftertaste cleanness No astringency or coating feeling in the mouth after smoking
716 mouth moist sensation after The mouth does not feel dry after smoking, and the mouth is moist and cannot produce phlegm.

smoking

C. Analysis method

The research on the transformation path of internal
quality demand of cigarette consumers is completed in
two stages, First of all, by using the AHP method [3,4],
let experts evaluate the relative importance of different
layers of indicators. Establish the preliminary
relationship between design-layer indicators, result-layer
indicators, and consumer evaluation indicators in
product attribute indicators, and establish the weight of
each indicator link. Then, through the results of
consumer quantitative research and expert research data,
combined with correlation analysis and Shapley value
decomposition method based on regression equation,
verify the specific relevance of consumer evaluation
indicator, design-layer indicator, and result-layer
indicator, and complete the modification and
optimization of the transformation path of cigarette
consumers' internal quality demand.

1) Preliminary construction of the transformation path
of cigarette consumers' internal quality demand
a) Constructing a judgment matrix

The indicators of the same layer were listed in the
row and column of the judgment matrix, and nine
smoking evaluation experts of Yunnan China Tobacco
Technology Center and were organized to use the

rotation scoring method to compare the two scores. See
Table 5.

In order to show the importance of each element in
the matrix quantitatively, the matrix judgment scale (1-9
scale method) [9] is introduced as the scoring system,
and the scale meaning is shown in Table 6 below.

TABLE 5. AN EXAMPLE OF JUDGMENT MATRIX SCORING

j factor cut tobacco flavor flavor
I factor tobacco leaves formula formula
cut tobacco 1
tobacco leaves 1
Spice formula 1
flavor formula 1
TABLE 6 JUDGMENT MATRIX SCORING SYSTEM
Scale Meaning
1 Represents the same importance of two elements
3 Indicates that the former is slightly more important than the
latter
5 The former is many valuable than the latter
7 The former is more important than the latter
9 The former is most important than the latter
2,4,6,8 | Represents the intermediate value of the above adjacent
judgments

Reciprocal: if the importance ratio of element i to element j is A;j, then
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| the importance ratio of element j to element i is A; =1/ a; | ii. Sum the normalized vectors bylines

For the factors that need to be compared, if they are
considered as equally important, the importance ratio is
1:1; if they are considered as powerfully necessary, the
ratio is 9:1, and the intermediate value of 6:1 can also be
taken. By comparing the two values, fill in the values,
and arrange them into a judgment matrix (the judgment
matrix is a positive and negative matrix whose diagonal
product is 1).

b)  Conduct consistency inspection

After constructing the judgment matrix, the project
team calculates the maximum eigenvalue and its
corresponding eigenvector for each pair of comparison
matrix and uses the consistency indicator, random
consistency indicator, and consistency ratio to test the
consistency. If the test is passed, the eigenvector (after
normalization) is the weight vector; if not, the pairwise
comparison matrix needs to be reconstructed.

The judgment matrix is usually inconsistent, but in
order to use its eigenvector corresponding to the
characteristic root as the weight vector of the factor to be
compared, the degree of inconsistency should be within
the allowable range. How to determine the scope?
Generally, the following three indicators are used to
determine the scope: consistency indicator Ci, random
consistency indicator RI, and consistency ratio CR.

i. consistency indicator CI

CI=(\-n)/(n-1) (1)

In Formula(1), When CI=0, the judgment matrix(a)is
entirely consistent; The more significant the CI, the less
consistent the judgment matrix(a). A is the maximum
positive eigenvalue of a.

In the above formula, when CI = 0, the judgment
matrix has complete consistency; otherwise, the more
significant Ci, the worse the consistency of the judgment
matrix.

ii. random consistency indicator RI
iii. consistency ratio Cr

® The consistency ratio is usually used to determine

the allowable range of a's inconsistency.

CR=CI/RI )

In Formula(2), When CR < 0.1 and the inconsistency
of matrix (a) is within the allowable range, the
eigenvector of the judgment matrix (a) can be used as the
weight vector.

® Comparing CI with RI can test whether the

judgment matrix has satisfactory consistency.

® [f CR <0.1, the consistency of judgment matrix
is satisfactory;

® [fCr>0.1, the judgment matrix shall be adjusted
until it is satisfactory.

¢)  Calculate weight vector

After passing the consistency test, it is necessary to
use the judgment matrix to calculate the weight (weight
coefficient) of each factor to the target layer. The
calculation process is as follows:

1. Normalize each row of vectors of a

iii. normalize the sum post vector, i.e., approximate
characteristic root (weight vector)

iv. calculate the approximate value A of the maximum
eigenvalue

Wector
normalizati -
1 2 1 5 -omofeach| 0-51 0©0.59 0.35 0.38 )

1/2 1 6 y | 026 029 053 0.31

f = . — |
: 1 i 1 3 1 3 0.13 0.05 009 023

| \
\1/5 1 d 1/3 1 0.10 007 003 008

Sum each
row
[ 2.00 (0.a6 ) Zhmamter {1.84
1.60 0.35 normalization 1. 39
AW= 0.51 - w=|n1_‘ _ 0. 50
0.20 ' 0.07 Lo.28
> 5 >
[zi: 2.00 1.60 0.51 0.29) 4.30
4. 0.46 0.35 0.12 0.07

FIGURE 1. EXAMPLE OF CALCULATING SINGLE SORT WEIGHT VECTOR

d)  Relevance verification of transformation path
of cigarette consumers' internal quality demand

First of all, based on the quantitative survey results of
consumers and experts, the average value of overall
evaluation scores (scoring indicators) of consumers and
experts on products is used as the original data of
correlation analysis to explore the correlation between
cigarette indicators and consumer satisfaction. The
correlation results are obtained by SPSS software.
Secondly, in order to further verify the relationship
between expert technical indicators (Result-layer
indicators) and consumer indicator system, the Shapley
value decomposition method based on the regression
equation is used to determine the importance of expert
technical indicators to consumer indicators. The
contribution degree of each expert indicator is
determined by calculating the change of R when it is
included in the model and not included in the model.
Pearson correlation coefficient, as a simple correlation
coefficient, is used to measure the linear relationship
between two variables. The larger the correlation
coefficient, the stronger the linear relationship between
variables. The calculation formula is:

KX, Y)= cov(X, Y)

Jvar(X) var(Y)

X - X) (Y —Y)

r=
Jm - 2 - 7Y

The Shapley value decomposition method based on
the regression equation calculates the contribution
degree of each independent variable after calculating all
possible variable combinations. Therefore, compared
with ordinary linear regression, the Shapley value
decomposition method can resolve the collinearity
between independent variables, and more accurately
explain the importance of expert indicators for consumer
indicators in this project. Where the Shapley value of
each variable is calculated as follows:

SV} = Zkz@ [V(Mw) - "(Mtv(—n)]
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v(M” j)is the r2 when a model i contains variable j, 3 RESULTS AND ANALYSIS

v(M;j(-jy)is the 12 when a model i does not contain

A. Preliminary construction of the transformation path

variable j, U(Miu) _V(Milj(—j))iS the change of r2 of cigarette consumers' internal quality demand

when j variable is included in the model, and j variable is
not included in the model, n is the total number of
variables, k is the total number of variables in the model

when j variable is not included,

1) Correlation results of result-layer and design-layer
The correlation results of the result-layer and
Ki(n—k—1)! design-layer were shown in the following table9-10.
n!

is the weight.

TABLE 7 DISCUSSION RESULTS OF CORRELATION BETWEEN RESULT- LAYER AND DESIGN-LAYER

Design-layer (influence indicators)
Serial number | Result-layer Number of relevant indicators
xt | x2 | x3 | x4 | x5 | x6 | x7|x8][x9

1 Y1 . . ° 3

2 Y2 . . ° 3

3 Y3 ° ° . ° . ° ° ° 8

4 Y4 ° ° ° ° 4

5 Y5 ° ° . ° . ° ° ° 8

6 Y6 ° ° . . . . ) . 8

7 Y7 [ [ . . ° ° . . 8

8 Y8 ° ° . . . . 6

9 Y9 ° ° ° ° ° ° 6

10 Y10 [ [ . . . . ) . 8

11 Y11 ° ° . [ . . . . 8

12 Y12 ° ° ° ° ° ° 6

13 Y13 ° ° ° ° 4

14 Y14 . ° ° ° ° ° ° ° 8

15 Y15 . ° . . . ° ° ° 8

16 Y16 . ° . . . ° ° ° 8

17 Y17 ° ° . . . ° ° ° 8

18 Y18 [ ° . . . . 6

19 Y19 [ ° . . . . 6

20 Y20 [ ° . . . . 6

21 Y21 ° ° ° ° ° ° 6
2) Weight calculation based on AHP When calculating the weight, select the average value of
Through the collective discussion of the experts, the expert weight result of the judgment matrix
collect their scores and opinions. Because the importance constructed by the expert through the consistency test as
of each expert participating in the workshop is equal, the final weight of the transformation path, as shown in

there is no need to assign the importance of the expert. the following table9-10.

TABLE 8 DISCUSSION RESULTS OF CORRELATION BETWEEN CONSUMER EVALUATION INDICATORS AND RESULT_LAYER

Number of
Variable Consumer indicators Result-layer (21 expert indicators in total) relevant
indicators
pure flavor/ aroma of
Z1 Odor, packet opening aroma 2
tobacco
72 unique / special odor odor, packet opening aroma 2
Z3 strong & light odor odor, packet opening aroma 2
74 oral comfort Softness, smooth, mellowness, irritancy in oral, cleanness, salivation, oral comfort, after taste 8
z5 mouth moist smooth, irritancy in oral, cleanness, salivation, oral comfort 5
Z6 Oral richness sensation smoke density, cigarette smoke concentration 2
smoke density, impact, softness, cigarette smoke concentration, smooth, diffusivity, abundance, aroma
z7 stability quality, aroma volume, mellowness, harmony, offensive taste, irritancy in nasal, irritancy in oral, irritancy in 19
throat, cleanness, salivation, oral comfort, after taste
Z8 throat comfort impact, softness, irritancy in the throat 3
Softness, Smooth and
Z9 . impact, softness, smooth, irritancy in the throat 4
grainy
Z10 smooth impact, softness, irritancy in the throat 3
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Z11 impact smoke density, impact, softness, irritancy in throat 4
712 nasal comfort softness, smooth, mellowness, irritancy in nasal 4
Z13 abundance abundance, aroma quality, aroma volume, mellowness, harmony 5
714 aftertaste cleanness, salivation, oral comfort, after taste 4
Z15 aftertaste cleanness cleanness, oral comfort 2
mouth moist sensation
716 salivation, oral comfort, after taste 3
after smoking
TABLE 9 TRANSFORMATION PATH CONSTRUCTION RESULTS FROM THE RESULT-LAYER TO THE DESIGN-LAYER
Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10 Y11 Y12 Y13 Y14 Y15 Y16 Y17 Y18 Y19 Y20 Y21
(weight)
X1 — — 0.27 0.42 0.19 0.17 0.15 0.2 0.21 0.16 0.19 0.2 0.17 0.2 0.22 0.2 02 0.21 0.22 0.18 0.18
X2 — — 0.23 0.41 0.14 0.21 0.16 0.25 0.24 0.18 0.19 0.25 0.16 0.21 0.21 0.18 0.19 0.25 0.23 0.22 0.21
X3 0.22 0.19 0.1 — 0.15 0.15 0.19 0.15 0.2 0.19 0.15 0.21 0.32 0.18 0.15 0.17 0.17 021 0.21 0.21 0.24
X4 0.57 0.59 0.06 — 0.15 0.15 0.14 0.13 0.18 0.19 0.16 0.35 0.14 0.14 0.15 0.15 0.16 0.17 0.18 0.18
X5 — — 0.06 — 0.08 0.07 0.09 — — 0.08 0.06 0.09 0.1 0.08 0.08 0.09 0.09 0.09 0.1 0.09
X6 — — 0.06 — 0.1 0.07 0.11 0.12 0.08 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.08 0.08 0.1 0.1
X7 — — 0.04 0.09 0.04 0.04 0.05 — — 0.03 0.04 — — 0.05 0.04 0.04 — — — —
X8 0.2 0.22 0.17 0.19 0.15 0.13 0.11 0.14 0.09 0.07 0.15 — 0.05 — 0.07 0.07 — — — —
X9 — — — — — — — — — — — — 0.03 — — — — — — —
TABLE 10 CONSTRUCTION RESULTS OF CONVERSION PATH FROM CONSUMER INDICATORS TO THE RESULT-LAYER INDICATORS
onsumers—Experts
Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 YO YI0O  YIl Y2 Y3 Y4 YIS Y6 YI7T Y8 Y9 Y20 Y21
Factor importand
(weight)
z1 074 026  — — — — — — — — — — — — — — — — — — —
72 074 026  — — — — — — — — — — — — — — — — — — —
73 075 025  — — — — — — — — _ _ _ _ _ _ _ _ _ _ _
74 — — — — 008 — 008  — — — — 007 — — — 009 — 015 012 028 014
z5 — — — — — — 04— — — — — — — — 012 — 015 018 031 —
z6 — — o — — 028  — — — — — — — — — — — — — — —
z7 007 006 006 006 006 006 006 008 009 006 006 003 003 003 003 004 004 004 004
78 — — — 022 044  — — — — — — — — — — — 03— — — —
79 — — — 01l 044  — 029 — — — — — — — — — 015 — — — —
Z10 — — — 032 04 — — — — — — — — — — — 028  — — — —
z11 — — 014 047 018  — — — — — — — — — — — 02— — — —
Z12 — — — — 028 — 02 — — — — o021 — — 031 — — — — — —
Z13 — — — — — — — — 035 025 014 01l 015  — — — — — — — —
Z14 — — — — — — — — — — — — — — — — — 024 016 036 024
Z15 — — — — — — — — — — — — — — — — — 06l — 03—
Z16 034 046 02

From table 9, it can be concluded that the indicators
of different design layers are different from those of their
related result layers, accurately as follows:

a) The tobacco leaves have a high correlation with
the indicators of smoke density, diffusivity, abundance,
aroma volume, mellowness, offensive taste, cleanness,
salivation, and oral comfort;

b) The cut tobacco was highly correlated with smoke
density, impact, softness, irritancy in nasal, irritancy in
oral, and irritancy in throat;

¢) The Spice formula has the most significant
contribution to the smooth and after taste.

d) The flavor formula is most famous for aroma
quality, harmony, odor, and packet opening aroma.

From table 10, it can be concluded that different
consumer indicators and their related result-layer
indicators are different, accurately as follows:

a) In terms of pure flavor/ aroma of tobacco,
unique/special odor, and strong & light odor, odor, and
packet opening aroma are related factors, among which
the importance of odor is the highest;

b)The expert indicators related to oral comfort
include oral comfort, cleanliness, aftertaste, salivation,
irritancy in oral, softness, smooth, and mellowness, of
which oral comfort is the most important;



E3S Web of Conferences 214, 01027 (2020)
EBLDM 2020

https://doi.org/10.1051/e3sconf/202021401027

¢) For the degree of mouth moist, oral comfort,
smooth, salivation, cleanliness, and irritancy in oral are
related indicators, among which oral comfort is the most
important factor;

d) The degree of fullness of the mouth is related to
the concentration and concentration of flue gas, of which
the concentration of flue gas is the most important.

e) The stability is affected by various factors and
distributed evenly. The relevant indicators include aroma
quality, cleanliness, softness, mellowness, aftertaste,
offensive taste, oral comfort, salivation, irritancy in nasal,
impact, irritancy in throat, irritancy in oral, cigarette
smoke concentration, smooth, harmony, abundance,
diffusivity, and aroma volume, of which aroma volume
is the essential factor.

f) The indicators related to throat comfort and smooth
are softness, irritancy in throat and impact, of which
softness is the most important;

g) For the Softness, Smooth and grainy, softness,
smooth, irritancy in throat and impact are related factors,
of which softness is the most important;

h) The indicators related to impact include impact,
irritancy in throat, softness, and smoke density, and
impact is the most important.

i) Irritancy in nasal, softness, mellowness and smooth
are the factors related to nasal comfort;

j) The essential factors for abundance are abundance,
aroma quality, harmony, aroma volume, and mellowness,
among which significantly contributes the most to the
abundance.

k) The related factors of after taste sweetness include
oral comfort, cleanliness, aftertaste, and salivation, and
oral comfort is the most important factor;

) The factors related to the aftertaste cleanness are
cleanliness and oral comfort, of which cleanliness is the
most important;

m) For the degree of mouth moist sensation after
smoking, oral comfort, salivation, and aftertaste are
related factors, and the essential level of oral comfort is
the highest.

3)  preliminary construction results of transformation
path from consumer evaluation indicator to product
attribute design element

Based on the above results, we connect the indicators
with relevance in consumer indicators, result-layer
indicators, and design-layer indicators. We can initially
build the transformation path from consumer indicators
to product attribute elements, as shown in Figure 2 and
figure 3.

FIGURE 2. CONVERSION PATH FROM DESIGN-LAYER INDICATORS TO RESULT-LAYER INDICATORS

Result-layer

(21 indicators)

pure.
Ravor/

special

of
tobacco

FIGURE 3. TRANSFORMATION PATH FROM CONSUMER INDICATORS TO EXPERT TECHNICAL INDICATORS

As a single indicator may correspond to multiple
expert technical indicators, resulting in multiple
transformation paths, this paper selects the indicators

with the highest average correlation for connection from
the transformation paths from the result-layer to the
design- layer, and from the transformation paths from
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the consumer indicators to the expert technical indicators, especially with the "cleanliness," "mellowness" and
and finally constructs a relatively simplified path model "diffusivity"; the "cut tobacco" is also closely related to
diagram. See Figure 4 below multiple indicators of the result-layer, among which the "

According to the results of the path map, the impact" is strongly related.
following conclusions can be drawn: b) The results showed that the "softness" in the layer

a) In the design-layer, the "tobacco formula" is most was most related to the consumer indicator, especially
closely related to the indicators of the result-layer, the "throat comfort" and " Softness, Smooth and grainy."

technology
wmmn [ ||| e || em [ REDamm )RS mm ) [
0.1 ii 0.24 ii 0.25 0.21 i 022 ii 0.59

0.74 028 0.72 0.

% 75 0.31 09 044 0. 0.40 047 031 035 036 . -

ith

i/ o stz | | et
special oral mouth - seabiity throat N impactact nasal aftertasts sensation
! richness smoot pa . o

fort t comfort comfort

odor comfort maois’ sensation cleanness after
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FIGURE 4. TRANSFORMATION PATH CHART: DESIGN-LAYER -> RESULT-LAYER -> CONSUMER (ONLY THE HIGHEST AVERAGE CORRELATION INDICATOR
IS SELECTED)
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From table 12, it can be concluded that resolving the
collinearity between independent variables can more
accurately explain the importance of Result-layer

From table 11, it can be seen that the correlation indicators for consumer indicators in this project. To
between each result-layer indicator and consumer determine the contribution of the indicator.
indicator is generally high, most of the results are above
0.7, and the results are significant, indicating that the
result-layer indicator and consumer indicator are highly
correlated.

B. correlation verification results of the transformation
path of cigarette consumers' internal quality demand

TABLE 11 PEARSON CORRELATION ANALYSIS RESULTS

Pearsan Y1 T2 013 Y4 Y3 Y6 Y7 T8 Y9 YO YII Y12 Y13 Y4 Y15 Y6 Y17 Y18 Y19 YO YII

correlation
Z1 J367 793" 6487 870" 8727 870" 8GO 8097 830%™ .8O2™ 7597 §71™ 833" BT .86B™ 852" 84T R4 873 8E” 876
Z2 J71T 812 6437 872 9T 876 BBO™ 8357 846 0227 7717 805 @65T 910" 885" 887 801 016 89T o117 9027
VAl J397 75T 63T 8507 74T 878" 86T 8177 822 804 TS 874 8437 886 8667 862 BG4 8057 880 896 882
4 J607 804 6347 863 0107 883" 87T 8307 846 932™ 771 .807% .860™ 918" 001" 8O0 803" 021" 804" O12% 908"
Z5 J427 7967 5867 8477 0097 8617 865 8117 831 010% 7457 000" 837" 903" 805" 885 8B6™ 006 884 898" g00™
Z6 J307 7627 741 876 8237 004" B44™ 8607 836 .887T 8547 830" 856 872 820" 823" 819%™ 86T 873 86IT 8B4
Z7 7437 790" 6287 871" 89T 66T .BG1T 8337 848 020" 781" .805™ 8557 .BO1™ 883" 8GO .8V0™ .8O8™ 884" 887 803™
Z8 J257 795 583 846" 0007 860" 864 800" 824 023 741" 803" 8407 003" 808" 882" 880 013”883 gogT 842
Z9 J267 778 6097 870" 93T 864" .BGO™ .808™ 818 006" 7587 .8BO™ 839" 891" 872" 866 .8V 008 883 .88 g™
Z10 73377937 6817 B71™ 78T 888™  BG3T 8437 842 O014™ 800T 800 850" 894" 876" 861" 861 .000™ 894 890" 89T
Zn J607 804™ 6147 874" 0107 872" 876 8207 B33 024" 7627 800" 856" 910" .80B™ 882" 805 018" 804 004" 89T
1 J427 788 6347 874 8O 884™  BGO™ 8277 832 012% 7807 .801% 853" 904" 878" 864 .86B™ 013 802" 8957 804™
Z13 743 797 6697 8717 8757 880T 85T 8517 834 008 800 878" 617 000™ 864" 851" 836" 000" 884 895 B8O
Zl14 J5TT B03T 6387 8717 0017 881 8TI™ 8317 846 020" 7827 808" 860" 910" .888™ 874" 877 018 .g8O™ 002% 903
Z13 J29% 790" 6427 875 B89TT 8RTT BGTT 8327 843 0157 8017 800 859" 901" 875 866 867 9107 891" 895 89T
Z16 JI1T 7737 5057 B34 96T 857" B33™ 01T B18T 006" 7567 880" 836" 889" 873" 860" .865T 899" 86T 876 876

**_Significant correlation at. 01 level (two tails)

TABLE 12 RESULTS OF SHAPLEY VALUE ANALYSIS BASED ON THE REGRESSION EQUATION

Results of
SE:}&:V Y1 Y2 Y3 T4 Y5 Y6 Y7 e Yo YI0 | Y11 | YI2 | Y13 | Y14 | YI5 | Y16 | Y17 | Y18 | Y19 | Y20 | Y21
analysis
Z1 4317 | 5607
z2 4517 | 549%
z3 455 | 5457
74 134 120 118 115 (1307 | (1207 | 129" [ 126"
Zs 187 195 2227 | 1947 | 2027
Z6 338" 662"
z7 031 | 056 | 060 [ 035 | .055% [ .044™ | 0457 | .084™ | .039™ | .056 | .051%" | .054™ | 034" | 050" [ .051% | 0557 | .054™ | .0527 | 055"
Z8 2027 | 373 3367
zo 257 | 271 2207 2437
Z10 345" | 341 314
Z11 A147 | 277 | 317 201%
Z12 267 233% 258% 242"
Z13 1747 | 2687 | 1647 | 2067 | (1897
Z14 2737 | 2357 | 2457 | 248™
Z15 517 483"
Z16 3237 | 339 | 338"

** . Significant correlation at. 01 level {two tails) »

Through the above correlation analysis and the transformation path of the internal quality demand of
application of the Shapley value decomposition method cigarette consumers is finally constructed (see Figure 5
based on the regression equation, a full path map of the below).
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FIGURE 5. TRANSFORMATION FULL PATH DIAGRAM: DESIGN-LAYER -> RESULT-LAYER -> CONSUMER
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In order to simplify the full path graph, this paper
selects the indicator with the highest average correlation
to build the full path graph of Figure 6, that is, there is
only one most relevant path for the transformation from
a single consumer indicator to the result-layer and then
to the design-layer.

Among them, the indicator coefficient from
consumer indicator to result-layer is the weight
coefficient obtained by quantitative research, and the
indicator coefficient from the result-layer to design-layer
is the weight coefficient obtained by the expert

workshop.
technology
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FIGURE 6. TRANSFORMATION PATH CHART: DESIGN-LAYER -> RESULT-LAYER -> CONSUMER (ONLY THE HIGHEST AVERAGE CORRELATION INDICATOR
IS SELECTED)

4 CONCLUSION

A. According to the final construction of the
transformation path, we can get the expert technical
indicators that directly affect consumers' evaluation of
the internal quality of cigarettes and the technical
indicators related to these expert technical indicators of
cigarette manufacturing. At the same time, we can
accurately get the influence degree of these product
attribute design factors on the sensory quality evaluation
results of consumers through the correlation coefficient
value.

B. If the transformation path with the highest weight
is selected, the conversion path from 16 consumer
evaluation indicators to expert technical indicators and
then to relevant indicators of cigarette manufacturing
technology can be obtained . pure flavor/aroma of
tobacco - packet opening aroma - flavor formula; unique
/ special odor - packet opening aroma - flavor formula;
strong & light odor - packet opening aroma - flavor
formula; oral comfort- cleanliness - tobacco leaves;
mouth moist - Cleanliness - tobacco leaves; Oral
richness sensation - cigarette smoke concentration -
tobacco leaves; stability - aroma quality - flavor formula;
throat comfort - softness - cut tobacco; Softness ,Smooth
and grainy - softness - cut tobacco; smooth - impact - cut
tobacco; impact- softness- cut tobacco; nasal comfort-
softness- cut tobacco, abundance-aroma quality- flavor

formula, after taste sweetness and
comfortable-cleanliness-tobacco leaves; aftertaste
cleanness-cleanliness-tobacco leaves; mouth moist

sensation after smoking- oral comfort-tobacco leaves.

C. In this paper, through the form of a workshop, the
technical indicators of cigarette products, the indicators
of experts' attention, and the indicators of consumer
demand are correlated and verified. The docking
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transformation mode of cigarette product characteristics
and consumer demand is established. Through the
combination of the consumption evaluation system and
expert cigarette evaluation indicator, a real complete

path of "consumer feedback consumer
demand<->transformation expert evaluation
indicator<->correspondence product technology
improvement" is established. For product R&D

personnel to understand consumer demand, convert it
into product R&D and maintenance objectives, further
accurately guide formula, conduct product R&D, and
Maintenance is of great significance.
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