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There is a lack of objective and rapid methods to evaluate and extract design elements in the development of museum cultural
creation products. Aiming at this, an analysis method of museum cultural creation from the perspective of cultural industry is
proposed. The order relation method and entropy weight method are applied to extract cultural characteristics. The optimality
evaluation of the features based on the ordinal relation method aims to make a preliminary judgment on the representation value
of the feature. At the same time, the entropy weight method is introduced to make decisions among various categories of cultural
features. Combining the two methods makes the feature extraction process both objective and scientific. It also ensures that the
selected design elements are distinct in priority and do not conflict with each other. Taking the museum cultural creation product
design based on brocade patterns in the Qing Dynasty as an example, it is proved that the proposed method can effectively extract
and transform the cultural features of the cultural relics, which provides a reference for the development of cultural and creative

products of the museum.

1. Introduction

Cultural creation industry, which flourished in European
and American countries in the 1990s, has become a well-
deserved sunrise industry in the post industrial era and
under the background of knowledge economy [1]. Museum
cultural creation refers to the cultural creation and devel-
opment based on the specific cultural relics, culture, regional
style, and spirit in the museum. Museums and their col-
lections carry the unique culture and memory of a country, a
city and a place, and become the main body of the devel-
opment of museum cultural and creative industry [2].

The development and sales of cultural creation products
can bring additional income to museums and play a better
role in promoting and educating the culture and realizing its
social value [1-3]. When designing museum cultural crea-
tion product, whether it emphasizes interest or marketing
methods, the cultural relics in their collections must be used
as a source of inspiration for design and innovation to
ensure that cultural creation products have cultural attri-
butes and are closely related to the culture they represent.

2. Related Works

The museum’s tens of thousands of collections provide rich
materials for cultural creation products. Still, the mix and
stack of style elements are insufficient to design excellent
cultural creation products. Whether the public can recognize
the sales of cultural creation products depends on whether
cultural symbols can be matched with specific design carriers
in the design. In the research on the design of cultural
creation products with museums as the main body, Liu et al.
proposed that museum cultural creation products not only
have a symbolic role but also bring a sense of public
awareness by maintaining consistency with museums based
on qualitative interviews and quantitative questionnaires [4].
At the same time, the higher the correlation between cultural
creation products and the exhibits in the museum, the more
likely it is to be accepted by the audience. Prameswari et al.
explored the cognitive process of cultural creation products
from the perspective of cultural schema and constructed a
framework for cultural identification which contains general
mode, plot input, and instantiation model [5]. Gao et al.
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pointed out that the collections are systematic and can be
serially designed using their associations and combinations
[6].

Because of the large number and complexity of a series of
cultural relics with the same theme in the collection, the
extraction of relevant cultural factors is particularly im-
portant. Wang et al. proposed Yantu cultural creation
products design idea by which design factors were extracted
from representative cultural relics, the aspect was evaluated
and screened by combining eye movement experimental
correlation and Kansei engineering, and finally a set of tea
sets was designed [7]. Li et al. proposed an evaluation
method for cultural creation product modeling based on
fuzzy set theory by which an evaluation index system for
product modeling design was established through AHP. The
example of fuzzy evaluation shows that this method can
effectively reflect the satisfaction of users, and the analysis
and screening of design elements can improve the quality of
design results [8]. In addition, multiattribute decision-
making [9-14] also provides an idea for museum cultural
creation analysis from the perspective of cultural industry.

However, in the above research, there is still a lack of a
method for evaluating and extracting design elements for
collection resources. As the main body of cultural creation
development, museums are ambiguous in using their re-
sources. Therefore, in the design process, we must first
excavate the cultural relics in the museum collection around
a certain theme, analyze the cultural characteristics that are
most consistent with the design proposition or have the most
extended value, and assign cultural factors to cultural cre-
ation products. This process is usually obtained by visiting
and surveying designers, and the opinions are often sub-
jective without considering the entire creative product de-
velopment process. The selected cultural characteristics, that
is, the design elements derived from the connotation and
externality of cultural relics, are important factors for
expressing regional culture in products and indirectly de-
termine the quality of design results.

Therefore, it is necessary to apply scientific methods to
analyze and evaluate them, so as to avoid the strong sub-
jective will of R&D personnel, resulting in the final inability
of cultural and creative products to convey basic semantics.

3. Museum Cultural Creativity Process Analysis

Based on a specific cultural and creative product development
theme, the cultural features are divided according to explicit
and recessive factors through interviews, surveys, and col-
lection of relevant cultural relic information, that is, the
interpretation of cultural features. Secondly, taking the target
user as the object of analysis, the process of using and feeling
the product is explored and the perceptual vocabulary is
obtained. The key to the development of museum cultural
creation products is to extract cultural characteristics from the
collection resources, so the early design stage needs to extract
many cultural features comprehensively [15-17].

The process includes combining perceptual vocabulary
and other index factors, superiority assessment of cultural
characteristics, and obtaining the representative
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characteristics of each category and using the entropy weight
method to obtain the most valuable cultural characteristics,
that is, the key dominant characteristics. Based on the
feature extraction results, the transformation process of
designers' design cultural features is guided. Finally, the
effectiveness of the method is verified by taking a repre-
sentative cultural creation product design as an example. The
process of cultural feature extraction and application is
shown in Figure 1.

3.1. Cultural Feature Extraction. In the extraction of design
elements of museum cultural relics, it is necessary to com-
prehensively consider the influence of the various attributes of
the cultural relics evaluated on the design results of creative
products, such as the dominant features of the beauty of the
product’s external form and the recessive features of the
cultural properties of the cultural relics themselves.

The explicit appearance of cultural relics collections
carries people’s intuitive experience of the past culture, such
as shape, color, material, texture, pattern, and graphic dec-
oration. The dominant characteristics of four dimensions,
including shape, color, material and texture, have been
established through relevant literature and field research.
Recessive features provide the significant cultural value of
museum cultural and creative products, which have tradi-
tional cultural connotations that general commodities do not
have. Recessive features include two dimensions: semantic
layer and connotation layer. They are shown in Figure 2.

The semantic level of cultural relics reflects its essential
meaning and spiritual outlook, and it is a particular emotion
integrated into the creation. The audience can experience it
by appreciating and browsing the cultural relics; the con-
notative level refers to the context and allusions hidden
behind the cultural relics: history and other deeper cultural
information. The stories behind these cultural relics reflect
the spiritual core of the times, so they need to be embodied in
the design of cultural and creative products.

The evaluation indicator is very important for the
implementation of this study. Evaluation indicator system
refers to an organic whole with internal structure composed
of multiple indexes representing the characteristics of all
aspects of the evaluation object and their interrelations.
Cultural feature extraction needs to establish evaluation
indicators and consider the following factors:

(1) The matching degree between users’ attitudes and
emotional preferences in the process of using cul-
tural creation products and the perceptual images of
cultural characteristics: a higher matching degree can
avoid the problem of unclear semantics of cultural
creation products, and users can feel the connotation
and temperament of the collection.

(2) Feature scalability: it refers to the elements that can
provide scalability in terms of line, outline, color, and
so on. The more complex and changeable the ex-
ternal form of cultural relics, the more evidence-
based the design of cultural and creative products,
and the more ornamental the final result.
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(3) Feature identifiability: it refers to whether cultural
features are specific, intuitive, and easily understood
by the public. The higher the identifiability, the more
representative and salient the feature it is easier to
reflect in creative product design and stimulate users’
cultural identity.

Since the recognition and extensibility of recessive
features do not have an external form, they are abstract
connotations. Therefore, the evaluation of the two implicit
features only considers the relevance of perceptual seman-
tics, so scalability and identifiability will not be included in
the evaluation indicators.

Finally, the explicit and implicit cultural characteristics of
the cultural relics in the collection are explained, and the legend
and text description of each characteristic are listed. At the
same time, designers with experience in product modeling and
design are invited to score the preliminarily selected series of
cultural relics and cultural characteristics. They use four groups
of perceptual word to score the recognizability and scalability.
Scores are all measured using the Likert seven-level scale.

3.2. Cultural Feature Evaluation. Analyzing and evaluating
the indicators of cultural feature can achieve the extraction of
cultural feature of cultural relics in the collection. Extracting
cultural features that are highly recognizable, highly scalable,
and fit with the emotional preferences of cultural creation
product users can ensure the rationality of cultural creation
design results. The weight coefficient is determined by the
subjective weighting method. Then, the overall evaluation value
of each type of cultural feature is obtained, and they are sorted
separately to get the ranking of the features.

Subjective weighting methods include set-valued sta-
tistical iteration method, AHP, G1 method (order relation
method), and G2 method, among which AHP and order
relation method are the most commonly used. The ordinal
relation method improves some of the defects of the AHP. It
can achieve that there is no need to construct a judgment
matrix and no need to carry out a consistency check, thereby
significantly reducing the amount of calculation, and the
method is highly operable. The evaluation steps of order
relation method [18, 19] are shown in Figure 3.

Its details are as follows:

(1) Determine the order relationship. Under a certain
evaluation criterion (or objective), the evaluation
indicators x,, x,, . . ., x,, of cultural characteristics of
cultural relics are arranged according to the im-
portance, that is, x| > x5 > --- > x,; it is considered

that x;,x,,...,x,, has established an order rela-
tionship according to “>.” Here, x* is the i-th
evaluation index (i, j=1, 2, .. ., m) after {x;} is sorted

according to the order relation “>”. To avoid losing
generality, the order relation is written as
X;>X,> 00 > X,

(2) Determine the degree of importance. Let the expert’s
rational judgment on the importance ratio wy_,/wk
between the evaluation indexes x;_; and x; of cul-
tural characteristics of cultural relics be
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[ Determine the order relationship J
[ Determine the degree of importance J
[ Calculate the weight coefficient J
[ Calculate the overall evaluation value J

Figure 3: Order relation method for cultural feature evaluation.

T = k=mm-1,...,3,2. (1)

For two indicators x;_; and x;, the assignment of r;
is as follows:

(i) When x;_; and x; are equally important, r; =1
(ii) When xy is slightly more important than x;_;,

T = 1.2

(iii) When x; is obviously more important than x;_,,
Te= 1.4

(iv) When x; is strongly more important than x;_;,
T = 1.6

(v) When xy is extremely more important than x;._;,
T = 1.8

(vi) 1.1, 1.3, 1.5, and 1.7 correspond to the middle of
two adjacent judgments

(3) Calculate the weight coeflicient, that is,

m m -1
S EE "

k=2 i=k

Wiy = 1wy, k=mm-—1,...,3,2.
(4) Calculate the overall evaluation value of each feature
as follows:

yi:Zbijwj(i:I,Z,...,m). (3)
j=1

Among them, b;; is the value of each evaluation index
of cultural characteristics of cultural relics.

3.3. Key Dominant Features Determination. There is no
absolute relationship between the optimal evaluation re-
sults of different types of cultural characteristics. If they are
directly applied in a superimposed manner, the design will
be unreasonable and even the elements will conflict with
each other. Therefore, it is also necessary to conduct an
overall evaluation of dominant features (shape, color,
texture, and material), clarify which features have the most
representative value, regard them as key dominant features,
and focus on them in the process of cultural feature
transformation.
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Considering that the subjective weight calculation
method inevitably has the risk of being affected by subjective
factors, the weighting method is based on the difference-
driven principle; that is, the objective weighting method is
used to evaluate the representative value of each dominant
feature. Objective weighting methods commonly include
meaning square error, range, open grade, and entropy
weight. This paper uses the entropy weight method [11, 12]
to determine the corresponding weight coeflicient according
to the amount of index information, avoiding the influence
of experts’ subjective factors on the index weight.

Let X;; be the j-th indicator for the i-th cultural feature
(1=1,2,3, ..., m; j=1,2,3, ..., n). For a given index j, the
greater the difference of X;;, the more information it con-
tains and transmits, and the greater the impact on the entire
system. The steps of using the entropy weight method to
evaluate the dominant feature are shown in Figure 4.

Its details are as follows:

(1) Normalize the decision matrix as X = (x; j)mn.

(2) Calculate the entropy weight. Let the entropy weight
of the j-th index be e;, then
Xij
pij=vm
DY Xij
(4)
-1

€= In(m) Y, p;; ln(Pij),

where p;; is the feature proportion of the i-th
evaluation object of the j-th indicator.

(3) Calculate the objective weight of each indicator el-
ement as
(1-¢)
/ j .
wi=——F—"~ j=12,...,n (5)
b Tk (1-e)

(4) Calculate the overall evaluation value of each
dominant feature as

n
y}=zbfjw}> i=1,2,...,m (6)
j=1

3.4. Cultural Feature Transformation. The reason why cul-
tural relics can continue and spread cultural values is that it
has a symbolic function for its characteristics, which to-
gether constitute the cultural symbols of cultural relics.
Cultural feature extraction for cultural relics in museum
collections is to reconstruct the symbols representing the
semantics of cultural relics and apply them to the devel-
opment of cultural and creative products.

Step 1. Obtain the optimal results of key dominant features
by the entropy weight method and use them as the core
elements of cultural and creative product modeling. After
feature variation, extension, and other operations, and at the
same time, cross and combined experiments with different

[ Normalize the decision matrix J

[ Calculate the entropy weight ]

Calculate the objective weight of each
indicator element

y

Calculate the overall evaluation value of each
dominant feature

F1GURE 4: Entropy weight method to evaluate the dominant feature.

dominant feature optimization results are carried out to
form product design schemes.

Step 2. Use the methods of metaphor, symbolism, and
exaggeration to combine invisible features with the use and
interaction of products and integrate them into the design
elements of cultural and creative products as an added value.

4. Case Study

Based on the above processes and methods, we apply the
proposed method to actual design cases for verification. Buzi
pattern of Nanjing Yunjin in the Qing Dynasty is taken as
the development object of cultural creation products and
used to design daily necessities. After on-site visits and
investigations, six cultural relics in the collection are se-
lected, as shown in Figure 5. The cultural features of cultural
relics are interpreted according to the meaning of explicit
and implicit characteristics. For example, the cultural fea-
tures of the sample cultural relics can be split and named as
the shape feature F,;, the color feature F,,, the texture
feature F,;, the material feature F,,, the implicit semantic
feature F,s;, and the connotation feature F . A table of
interpretations of cultural characteristics of cultural relics in
the collection is established for subsequent evaluation, which
is shown in Figure 5.

In the early design stage, it is necessary to analyze the
attitudes and perceptual images in the target population (such
as history lovers, tourists, collectors) towards cultural creation
products to provide a reasonable basis for evaluating and
extracting cultural characteristics. By consulting books and
literatures, we collected 346 words from user comments on
the online platform that could express target population’s
perceptual attitudes toward cultural creation products,
remove similar and repeated words, and preliminarily select
80 effective words, including positive and negative attitudes.

K-means cluster analysis method [20, 21] is used to
divide the perceptual vocabulary into four categories, and
the samples with the closest Euclidean distance to the center
are selected according to their classification. The four groups
of word pairs are obtained, respectively, as shown in Table 1.

The various cultural characteristics of cultural relics are
evaluated by the order relation method. The four groups of
perceptual word pairs and the degree of feature recognition
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FIGURE 5: Cultural relics and their cultural feature interpretation.

and the degree of feature expandability are recorded as
X,,...,X¢ in turn. As mentioned above, 20 designers with
experience in cultural and creative product design were
invited to score each characteristic element in the cultural
characteristic definition table according to 6 indicators.

For example, the experts’ scores on the morphological and
cultural characteristics of 6 cultural relics were calculated by the
average and variance. The ranking of the evaluation indicators
by experts is as follows: mild/incisive > feature recog-
nition > feature  expandability > flamboyant/steady > mascu-
line/feminine > delicate/dignified, ~establishing an order
relationship: X, > X5 > X > X, > X, > X;; theratioisr, = 1.4,
r3=1.0, ry=15, r; =12, and rg = 1.2. Therefore, the weight
coefficients w, =0.1312, w, = 0.2751, w, = 0.0913, w, = 0.1093,
ws =0.1971, and wy =0.1972 are obtained.

Based on the screened scoring results, the overall evaluation
value of the morphological characteristics of each cultural relic
is obtained as y; =4.8955, y, =4.1889, y; =4.3645, y,=3.9322,
y5=31666, and ys=3.5731. The optimality ranking is
Fi1 > F3 > Fy; > Fy > Fg, > Fsy, indicating that the cultural relics
of the brocade tiger pattern in Qing Dynasty have the best
evaluation results of morphological characteristics and are most
suitable for use in the design of cultural creation products.

In the same way, the rest of the dominant cultural
characteristics (color, texture, and material) are evaluated
and processed using the ordinal relation method. When
evaluating the implicit features, the two indicators of rec-
ognition and scalability are omitted. Only the matching
degree between the semantics and connotation of cultural
relics and the four sets of perceptual word pairs is con-
sidered. The assessment results for all cultural features are
shown in Table 2.

The entropy weight method is used to evaluate the four
dominant features and analyze their importance. First, the
expert scoring results of the six sample cultural relics are
averaged according to each feature, and the overall evalu-
ation scores of the features shown are obtained by rear-
rangement as shown in Table 3.

The weights of the six evaluation indicators can be
obtained as follows: w,=0.1072, w,=0.1471, w;=0.1263,
w, =0.1204, w.=0.1002, and w; = 0.3962. Then, the overall
evaluation value of each dominant feature can be obtained:
¥y1=3.9234, y,=3.7228, y;=3.6808, and y,=3.8664. The
order  of  dominant  features  is  obtained:
shape > material > texture > color. Therefore, shape and
material are the key dominant features, and the corre-
sponding features F;; and Fs4 are the most worthy of ap-
plication in the design of cultural creation products.

In the design and application of cloud brocade patterns
in the Qing Dynasty, the first is to carry out design posi-
tioning, that is, select reasonable products and analyze the
product category, actual function, target population, and so
on. Then, the brocade pattern of the Qing Dynasty is or-
ganically integrated with the product as a cultural and ar-
tistic symbol, so as to increase the cultural added value of the
product itself, realize the functional transformation of
brocade art in the contemporary era, and realize the in-
heritance and promotion of Chinese culture. Based on the
results of cultural feature extraction, an artistic and creative
product of daily necessities and its packaging design is
developed for the museum. While reflecting the theme, it
expresses the long history of Chinese traditional culture, so it
is named “white tiger” series design, and poster design is
carried out to promote the design as shown in Figure 6.
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TaBLE 1: Four groups of word pairs.

Type no. Word pairs

1 Flamboyant/steady
2 Mild/incisive

3 Delicate/dignified
4 Masculine/feminine

TaBLE 2: The assessment results for all cultural features.

Cultural feature Assessment result

Shape Fy1>F3;>Fy >Fy >Fg >Fs;
Color F22>F32>F12>F42>F52>F62
Material Fs3> F13> Fy3> Fg3> F33> Fy3
Texture Fs34>Fr4>Fyy>Fgy>F14> Fsy
Semantic F15>F25>F55>F45>F65>F35
Connotation Fys> Fi6> Fgg> F36> F56> Fug

TaBLE 3: The overall evaluation scores of dominant features.

Shape Color Texture Material
X, 4.0233 3.7622 3.7123 3.9044
X, 41811 3.8901 3.8222 3.9024
X5 3.5902 3.5111 3.7966 3.6002
Xy 3.5411 3.6677 3.7622 3.6844
X5 3.7833 3.8541 41012 3.8002
X¢ 4,022 3.7044 3.4567 4.0002

FIGURE 6: The poster design of “white tiger” series design.

5. Conclusion

Brocade patterns in the Qing Dynasty have high aesthetic
value and cultural value and are very valuable Chinese
traditional cultural heritage. In the new era, we need to
promote and inherit this traditional art by enhancing the
spiritual function and artistic modernity. Taking the four
grade tiger pattern of military officer as an example, we
extract the artistic elements and make secondary artistic
innovation and regenerate the design and application of the
brocade pattern of the Qing Dynasty in combination with
modern design and current aesthetics, so as to better inherit
this excellent cultural heritage and make contemporary
people better understand the brocade culture. At the same

time, the design application of “white tiger” series design
also reflects the organic integration of tradition and mo-
dernity, provides new ideas for the inheritance of traditional
culture and the improvement of the added value of modern
products, and can be used as a reference for the design of
visual cultural and creative products.

Using museum collection resources to develop and
market cultural creation products can present culture and
exhibition content vividly to the public, which are the
common needs of museums and society. In the designing of
cultural creation products for a certain theme, the cultural
symbols need to be incorporated into the shape and the
emotional preferences of the target group need to be fit.
Therefore, it is necessary to integrate perceptual factors into
assessing cultural relic features.

The cultural feature application is based on the feature
extraction results. Some features are taken as the key content
to be expressed in the design, and relying on human-
computer interaction, the “lively and flexible” semantic
features can be shown by the designed products. The final
design example proves that the order relation entropy weight
method can effectively extract and transform the cultural
features of the cultural relics, which provides a reference for
the development of cultural and creative products of the
museum. With the continuous development of artificial
intelligence and many other technologies, the evolution of its
enabling interactive experience from graphical interactive
interface to natural interactive interface has become an
inevitable trend. Museum cultural creation design research
also needs to actively explore new research fields under
artificial intelligence, emotional computing, and emotional
recognition from the perspective of interaction design and
experience design.
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