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Abstract: The objective of this study was to build an international evaluation index system of cross-
border e-commerce brands. It improves the sustainable development ability of the brand and then
drives the sustainable development of the enterprise’s brand internationalization. As the top priority
in the innovative development process of cross-border e-commerce enterprises, it is a key means to
achieve longer-term and more stable development of cross-border enterprises and to maintain a place
in the fiercely competitive market. Therefore, the internationalization of cross-border e-commerce
brands is a topic that needs to be explored in depth to provide a comprehensive understanding
to businesses from the consumers’ perspectives. This study constructs an international evaluation
index system for cross-border e-commerce brands. The keywords in the online reviews are captured
through the Latent Dirichlet Allocation (LDA) and matched to the indexes, and the indicators are
classified into Kano categories through Long Short-Term Memory (LSTM) training to explore the
promotion strategies of different Kano categories in the process of brand internationalization. Based
on the empirical analysis of online reviews of the Kano model, it was determined that in the process of
internationalization of cross-border e-commerce brands, managers should focus on service indicators
related to expected factors, give priority to meeting service indicators related to essential factors,
strive to meet service indicators related to charm factors, and make appropriate choices to observe
service indicators related to indifference factors in real-time.

Keywords: Kano model; cross-border e-commerce brand; brand internationalization; long-short-
term-memory; latent Dirichlet allocation

1. Introduction

Thanks to internet evaluations and technology advancement e-commerce is constantly
increasing worldwide [1]. It is predicted that the e-commerce market will increase by 25%
by 2026, and that online purchases will have increased from 32% to 43%. However, the
tremendous increase in online businesses has been observed to have adverse impacts on
environmental sustainability, in the form of energy consumption and CO2 emissions [2]. In
order to promote energy transitions to meet the requirements of the Paris Agreement [3],
there is a need to change the way people live, including how they shop. E-commerce is a
more environmentally protective and energy-saving way of conducting sales. In China’s
rapidly developing economy, e-commerce positively reduces energy and material consump-
tion, while promoting economic growth and social transformation. At the same time, brand
internationalization is beneficial to enhance product quality and to improve the sustain-
able development of brands and enterprises. Therefore, cross-border e-commerce brand
internationalization for the sustainable development of enterprises has an important role.

As early as the 1790s, western developed countries began to study brand value [4].
In 1993, American scholar Kevin Lane Keller proposed the Customer-Based Brand Equity
(CBBE) model [5], which is a consumer-based brand value model. Since then, brand value
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has appeared in the research and discussion of various scholars as a complete concept [6]. In
1996, Aaker divided brand value into five dimensions: brand awareness, brand recognition,
brand loyalty, brand association and other proprietary brand equity, including patents,
trademarks, and channel relationships [7]. He believed that brand value could be measured
only through these five dimensions [8]. The Brand Equity Engine model, proposed by the
International Market Research Group, believes that brand equity is driven by brand image.
Although the realization of brand equity depends on consumers’ purchase behaviors, the
purchase behavior of consumers is fundamentally determined by the consumers’ views
of the brand, that is, the brand image. Therefore, although purchase behavior can reflect
the existence of brand equity, it cannot reveal the key factors that drive brand equity in
consumers’ minds.

Since the 1990s, the apparel consumer goods market has gradually shifted from pure
product sales to brand sales, which marks the arrival of the era of brand marketing with
brand competitiveness as the core. From 1998 to 2008, China’s manufacturing industry,
which had been based worldwide, began to rise and enter the brand era. It not only strictly
controlled quality, but also made breakthroughs in technology and creativity. At the same
time, China’s manufacturing industry has evolved from only a specific link of OEM (Origi-
nal Entrusted Manufacture) to a complete whole industry chain system. Local brands have
also expanded overseas through acquisitions. This multi-pronged approach has steadily
improved the core competitiveness of China’s manufacturing. Many local Chinese brands
have also entered the international stage one after another, interpreting Chinese feelings
with younger images, leading the marketing trend, and sweeping the consumer market. In
the context of economic globalization, brand internationalization has become the strategic
goal of more and more enterprises. Promoting brand internationalization can enable en-
terprises to give full play to their comparative competitive advantages and economies of
scale, use global resources, learn advanced technologies, effectively explore international
markets, and accumulate international experience. Wei [9] proposed that brand internation-
alization is enterprises’ extension and dissemination of brands to the international market
to obtain economies of scale. Song [10] believes that as long as enterprises promote the
brand and extend it to other countries, the brand becomes internationalized. It is not only
a case of selling a brand in the international market, but also a case of being recognized
by the international market. Wang [11] believes that brand internationalization focuses
on creating credibility, reputation, and uniqueness that is not easy to be imitated. White-
lock and Fernando [12] argue that brand internationalization, in the narrow sense, is the
internationalization of brand decisions that include brand names, logos, and personalities.
Brand internationalization, in a broad sense, is the process by which a brand establishes
brand equity in the international market [12]. Brand equity includes perceived quality
of the brand, brand awareness, brand association, and brand loyalty [13]. With regard to
brand dimension, six major measurement indicators for the brand internationalization
of manufacturing enterprises, based on cross-border e-commerce, have been constructed:
brand strategy, brand performance, brand recognition, brand image, brand preference, and
brand development [14]. Therefore, this study uses the Kano model to conduct an em-
pirical analysis of online reviews to help cross-border e-commerce brands improve their
international status.

The Kano model, and its five categories, have been implemented in different industries [15].
For example, Kim [16] took the flight service process as a research object and calculated the
satisfaction and dissatisfaction coefficients, respectively. Using data from 350 passengers,
26 flight management items were grouped into Kano categories. Chiang [17] also adopted
this approach to summarize 51 hotel attributes and obtained ratings for these attributes
through a questionnaire. By constructing a two-dimensional matrix, hotel attributes were
successfully mapped to five Kano categories. Bi [18] used support vector machines (SVMs)
and ensemble neural networks to replace traditional Kano index calculations to classify
Kano further. In addition to attributing classification, based on the Kano model, previous
studies have also focused on decision support problems considering the Kano classifi-
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cation [19,20]. Dou [19] proposes a fuzzy clustering algorithm for large-scale industrial
production. To increase customized information, the Kano model is adopted to address
the different preferences of customers. Likewise, Zhao [20] highlights the difficulty of
identifying customer needs in product design. Customer requirements are divided into en-
gineering features according to application, and the optimal product configuration scheme
is obtained.

Since previous research on the Kano model has mainly taken the form of a question-
naire, this study derives the information from online comments and extends the application
of the model. From the perspective of consumer demand, this research uses the LDA
(Latent Dirichlet Allocation) model to mine the text and get the keywords of reviews. At
the same time, the index system of cross-border E-commerce brand internationalization
evaluation is established, and the index is divided into Kano categories by LSTM training,
which provides the corresponding promotion path for each Kano category. This study
answers the following questions:

(1) How can one build an international evaluation index system for cross-border
e-commerce brands?

(2) How can one classify indexes into Kano categories through LSTM training?
(3) What are the demand levels and improvement paths for each factor of the

Kano category?
This study follows a literature review of the theoretical basis and introduces the re-

search path, method, and analysis of results. Finally, the discussion of results, implications,
limitations, and future studies are presented.

2. Theoretical Basis
2.1. Kano Model

The purpose of the Kano model is to classify customers’ needs and divide them into dif-
ferent categories, as shown in Figure 1. Furthermore, based on customer needs analysis, the
nonlinear relationship between functional realization and satisfaction is emphasized [21].
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(1) Expected factor: There is a positive linear relationship between feature satisfaction
and category satisfaction. These features will continue to improve consumer impressions.

(2) Essential factor: Consumers take such characteristics for granted. Improvements in
these features do not bring additional benefits. Conversely, consumers get frustrated when
they cannot find such features in their products.

(3) Attractive factor: Consumers feel very happy when they find that a product has the
attributes of attractiveness. These features will significantly increase consumer satisfaction.

(4) Indifference factor: The features in this category have no significant impact on
consumer perception. Consumers do not care that much about whether a product has
these features.

(5) Negative factor: Reverse features can cause consumer dissatisfaction. The reason
is that not all customers like these features. Businesses that offer negative attributes can
receive negative feedback.

2.2. Long Short-Term Memory (LSTM)

Long Short-Term Memory (LSTM), capable of learning long-term dependencies, was
proposed in [22] and refined and generalized by many in subsequent works. It is very
effective and widely used in dealing with various problems. Neural networks have long
been used for classifications [23,24] and Prediction Problems [25–27]. The advantage of
LSTM is its ability to remove or add nodes and to pass gate information (input, forget,
and output gate) to the cell state [28]. The forget gate determines whether previous cell
information is passed to the current cell. The input gate determines the information update
of the current cell, and the output gate calculates the output of the current cell. Each gate is
represented by a neural network, which has an input layer, a hidden layer, and an output
layer, as shown in Figure 2 below.
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Figure 2. LSTM unit.

Microscopically, the LSTM introduces a cellular state and maintains control informa-
tion using three gates: an input gate, a forgetting gate and an output gate. The formula is
as follows:

C̃t = tanh(Wc·[ht−1, xt] + bc) (1)

Ct = ft ∗ Ct−1 + it ∗ C̃t (2)

Ot = σ(Wo·[ht−1, xt] + bo) (3)

ht = Ot ∗ tanh(Ct) (4)

In the formula, Ot is the output gate, Ct is the cell state, C̃t is the candidate value
of the cell state, ht is the hidden layer state, and W and B represent the weight and
bias, respectively.
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2.3. Sense, Interest and Interaction, Connect and Communicate, Action, Share (SICAS) Model

SICAS consumer behavior model (DCCI, 2011) is a psychological change model
of user consumption behavior, which was proposed in the Web 3.0 era, and provides
a comprehensive and refined consumer behavior model in the Internet 3.0 era. The SICAS
model is divided into five parts: sense, interest and interaction, connect and communicate,
action and share.

(1) Sense is based on the perception of both consumers and brands. Consumers realize
that they need something, and brands inform them of products to meet their needs through
different platforms, such as TV, online search, information flow, patch advertisements,
outdoor media, etc.

(2) Interest and interaction mean that when consumers know that a product can meet
their needs, they can acquire knowledge about the product through different channels,
including consulting with the brand and detailed information about the product.

(3) Connect and communicate mean that when a consumer learns that a product can
meet his or her needs, he or she takes the initiative to establish a deep link with the brand
for a more detailed understanding.

(4) Action means that consumers decide to take action after in-depth communication
and understanding to purchase and use the product.

(5) Share means that if a consumer feels that a product is exactly the same as what he
or she learned about it at the beginning, he or she shares this good product with relatives
and friends and provides good word-of-mouth evaluation of the product.

The entire SICAS model covers the whole consumer behavior process and has estab-
lished an open evaluation model. Brand merchants must first make brand information
available so consumers care about and consume the information promptly. Brand mer-
chants must pay attention to consumers’ sharing behavior and participate in, and guide,
consumers’ sharing behavior.

3. Methodology and Data
3.1. Research Technique

This study used Jisouke software to obtain online review data, and keywords were
captured through the LDA model. The keywords were manually divided into indexes,
and the indexes classified into Kano categories through LSTM training. The promotion
strategies of each Kano category in the internationalization of cross-border e-commerce
brands were explored and analyzed. The research technique is shown in Figure 3 below.
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3.2. Construction of Cross-Border E-Commerce Brand Internationalization Evaluation
Index System
3.2.1. Construction of Index System

Based on the SICAS consumer behavior model, this study integrated the CBBE model,
the ten-factor model of brand value, and the Brand Equity Engine model, to determine the
cross-border e-commerce brand internationalization evaluation index system, as shown in
Figure 4 below.
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The research combined the proportion of the comment data under each evaluation
index, appropriately added and deleted according to the actual situation, and optimized
and improved the index system. The first-level dimensions were set as five indexes: brand
perception, product quality, service quality, brand response, and brand loyalty. The specific
adjustment process was as follows:

(1) Based on the sense aspect in the SICAS consumer behavior model, brand recogni-
tion, personality, and value and social recognition were combined into brand perception.

Brand perception refers to consumers’ perceptions of a brand and its reputation. It
is the most basic and important part and can fully influence consumers’ perceptions and
attitudes. In some cases, consumer preference is influenced by brand perception, and
consumers favor some well-known brands. Its indexes come from the brand affinity
dimension of the Brand Equity Engine model, and the brand association and differentiation
assessment dimensions of the ten-factor model of brand value.

(2) Based on the action aspect in the SICAS consumer behavior model, perceived
quality, conditions of use, and basic characteristics were combined into product quality.

Product quality refers to consumers’ perceptions of product quality, conditions of
use, and practicality. For apparel companies, product quality directly affects consumer
satisfaction, which, in turn, affects consumers’ overall perception of products, and even
of brands. The basic characteristics of the product include product information, such as
material and size. Its indexes are composed of the brand recognition and leadership brand
assessment dimensions in the ten-factor model of brand value, and the brand connotation
dimension of the CBBE model.

(3) Based on the interest and interaction aspect in the SICAS consumer behavior model,
purchasing channel, active service, and professionalism were combined into service quality.

Service quality refers to consumers’ perceptions of the tangibility, reliability, response
speed, and professional quality of service provided by service personnel. Service quality
directly affects consumer satisfaction, which, in turn, affects consumers’ attitudes and
perceptions of brands. Its indexes are composed of the brand connotation dimension of the
CBBE model.

(4) Based on the connection and communication aspect in the SICAS consumer be-
havior model, brand feeling, brand judgment, and price recognition were combined into
a brand response.
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Brand response refers to how consumers feel and think about a brand. Product quality
and service quality affect consumers’ acceptance of brand prices to a certain extent. Its
indexes are composed of the brand response dimension of the CBBE model, and the brand
function dimension of the Brand Equity Engine model.

(5) Based on the share aspect in the SICAS consumer behavior model, behavioral
loyalty and emotional loyalty were combined into brand loyalty.

Brand loyalty refers to consumers’ willingness to repurchase and their awareness
of recommendation, that is, consumers’ persistent, inclined and targeted consumption
behavior, which is reflected by consumers’ brand preference through shopping behavior.
Consumers’ persistent positive attitude towards a brand and repurchase behavior are
both manifestations of brand loyalty. Its indexes are composed of the brand relationship
dimension of the CBBE model.

(6) Delete brand development history, sense of belonging and active involvement.
Combined with the review data, it was found that there were no keywords related to

the brand development history and the keywords that visited the brand website and actively
participated in the activities in consumer reviews. Therefore, the brand development in the
brand connotation index, that of belonging, and active engagement metrics in the brand
relationship index of the CBBE model, were deleted.

3.2.2. The Meaning and Source of Indicators

This study specifically divided the 5 dimensions of the evaluation index system into
14 indexes. The indexes and their sources are shown in Table 1, Cross-border e-commerce
brand internationalization evaluation index.

Table 1. Cross-border e-commerce brand internationalization evaluation index.

Dimension Index Index Model Source Meaning

Brand perception

Brand recognition
Brand affinity dimension of the
Brand Equity Engine model (RI,

Research International)

Consumer familiarity with
the brand

Personality and value

Brand association and differentiation
assessment dimensions in the

ten-factor model of brand value
(Aaker, 1996)

Brand style and personality

Social recognition
Brand affinity dimension of the
Brand Equity Engine model (RI,

Research International)

Brand prestige, acceptability, and
expert recognition

Product Quality

Perceived quality

Brand recognition and leadership
brand assessment dimensions in the

ten-factor model of brand value
(Aaker, 1996)

Quality, reliability, durability,
serviceability, etc.

Use condition Brand connotation dimension of the
CBBE model (Kevin Lane

Keller, 1993)

Conditions of use of the product

Basic characteristics Material, size, and other
basic characteristics

Service quality
Purchasing channel Brand connotation dimension of the

CBBE model (Kevin Lane
Keller, 1993)

Online and offline
logistics services

Active service Proactive and timely service

Service quality Professionalism
Brand connotation dimension of the

CBBE model (Kevin Lane
Keller, 1993)

Service Accuracy and
Service Quality
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Table 1. Cont.

Dimension Index Index Model Source Meaning

Brand response

Brand feeling Brand response dimension of the
CBBE model (Kevin Lane

Keller, 1993)

Consumers’ emotional behavior
towards brands

Brand judgment Consumer perceptions of brands

Price recognition
Brand function dimension of the
Brand Equity Engine model (RI,

Research International)

Consumer purchase scope and
consumption status

Brand loyalty
Behavioral loyalty Brand relationship dimension of the

CBBE model (Kevin Lane
Keller, 1993)

Frequency and number of
repeat purchases

Emotional loyalty Promote recommendations to
friends and family

3.3. Data
3.3.1. Data Collection and Preprocessing

The study focused on a fashion cross-border e-commerce brand, mainly for female
consumer groups, providing users with clothing, accessories, shoes, luggage, and other
categories of products, while establishing a community, providing experience sharing,
shopping guides, making friends, logistics, and other services. The business covers Europe,
the United States, the Middle East, Latin America, and Southeast Asia markets and more
than 200 countries. To sum up, this brand was chosen as the case object of this study, being
highly typical and representative.

Internet word of mouth is one of the essential sources of big data for apparel companies,
and its content is mainly customer feedback [29]. This study used the custom collection
rules of Jisouke crawler software to get the review data of 81 products in the women’s
clothing category on the official website, with 12,849 valid pieces of data.

3.3.2. LDA Model Construction

The LDA model was constructed to extract the topic classification results of online
reviews [30], to conduct more in-depth mining and clustering of corpus texts, and to further
understand consumers’ attention to various aspects of the brand [31].

(1) Determination of the number of topics
In this study, the pyLDAvis package of Python was used to visualize the results of

topic distribution [32]. Each bubble in the visualization represents a topic, the size of
the bubble represents the frequency of the topic, and the distance between the bubbles
represents the similarity between topics [33]. It can be seen that some topics were far
apart, indicating that they were highly independent and some topics were close, or even
overlapping, indicating that they were highly similar. As shown in Figure 5, according to
the distribution of comment topics, the number of topics in the LDA model was finally
set to 8.

(2) Analysis of model results
Different topics were selected so as to view the vocabulary related to the topic to

further summarize and analyze. By adjusting the value of λ, the relevance of words and
topics could be adjusted. When λ was closer to 1, the words that appeared more frequently
under the topic were more relevant to the topic, and the closer λ was to 0, the more special
and less frequent words under the topic were more relevant to the topic. After continuous
testing, λ = 0.6 was finally selected, with a total of 48 keywords, as shown in Table 2 below.
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Table 2. Keywords.

Keywords

adore correspond item love points stretch

baby delivery know material price summer

bit design length medium product tell

body dress let night purchase wait

buy expected light order quality want

color fit like photo recommend way

come girl little picture robe wear

comment haven look piece size worth

3.3.3. TF-IDF Keyword Weight Calculation

Since measuring the importance of the frequency of words appearing in the text was
not rigorous, this study chose to sort the words by the importance of the terms in the text
to improve the accuracy of keyword extraction.

The basic idea of the TF-IDF algorithm is that if a word appears more frequently
in one document and less frequently in other documents, it is considered the word has
a good ability to distinguish between categories. TF refers to the number of times a feature
word appears in the article, which usually needs to be standardized [34]. However, due
to modal particles, function words, etc., the number of times a certain term appears in
the article does not represent its importance, so it is necessary to use IDF, that is, inverse
document frequency. It refers to the importance of a feature word in the text. Its principle
is to assign a value to the word according to its rarity. The rarer a word is, the higher the
value is, indicating that the word is more important. The TF-IDF algorithm combines these
two methods in word frequency–inverse document frequency. It is a statistical method
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that uses a weighted algorithm to evaluate the importance of words. Its algorithm is
TF-IDF=TF*IDF, and the formula is as follows:

TF− IDF =
n
N
∗ log

T
t + 1

(5)

n is the number of times the feature word appears in the document
N is the total number of words in the document
t is the total number of documents that contain the feature word
T is the total number of documents in the corpus

The keywords obtained by the LDA model are calculated and summarized as shown
in Table 3.

Table 3. TF-IDF value summary of keywords.

Keywords TF-IDF Keywords TF-IDF Keywords TF-IDF Keywords TF-IDF

Love 0.097326 wear 0.025837 adore 0.012926 light 0.008977

Dress 0.066268 bit 0.021895 little 0.012577 length 0.008608

Like 0.065825 haven 0.021681 way 0.012265 worth 0.008270

Color 0.058223 order 0.021332 photo 0.012239 know 0.007219

Fit 0.052249 recommend 0.020610 price 0.010752 delivery 0.007135

Size 0.046912 wait 0.019275 girl 0.010705 tell 0.006603

material 0.046672 correspond 0.018663 purchase 0.010301 expected 0.006359

quality 0.036686 robe 0.017813 design 0.009887 medium 0.006190

Come 0.035358 buy 0.017298 summer 0.009585 night 0.006010

Look 0.033117 body 0.015106 want 0.009328 comment 0.004532

product 0.028983 item 0.015005 let 0.009209 piece 0.004330

picture 0.026911 stretch 0.013428 points 0.009208 baby 0.004202

3.3.4. Sentiment Score Calculation

This study used TextBlob for sentiment analysis. TextBlob is a Python text processing
library that can perform many natural language processing tasks, such as part-of-speech
tagging, sentiment analysis, etc., [35]. It integrates two modules; only sentiment scores
were used in this study. Sentiment scores ranged from +1.0 to −1.0, where +1.0 represented
positive sentiment and −1.0 represented negative sentiment. Each comment text was
calculated and summarized according to the keywords, as shown in Table 4 below.

Table 4. Sentiment score summary of keywords.

Keywords Sentiment
Score Keywords Sentiment

Score Keywords Sentiment
Score Keywords Sentiment

Score

Worth 0.399592 love 0.241536 stretch 0.205409 correspond 0.159499

Summer 0.310285 wait 0.237577 expected 0.203665 piece 0.156292

Body 0.310125 size 0.236279 color 0.201062 comment 0.145778

recommend 0.288341 look 0.235422 product 0.199910 come 0.139282

Quality 0.271432 photo 0.234686 wear 0.199646 haven 0.133495

Picture 0.271370 price 0.230433 purchase 0.190643 night 0.128962

Material 0.268868 light 0.229739 like 0.188349 tell 0.122779

Fit 0.265906 order 0.228460 bit 0.187483 let 0.117547
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Table 4. Cont.

Keywords Sentiment
Score Keywords Sentiment

Score Keywords Sentiment
Score Keywords Sentiment

Score

Item 0.252854 delivery 0.227039 buy 0.180309 want 0.114215

Adore 0.252587 design 0.224869 length 0.179461 medium 0.089820

Robe 0.248265 way 0.212290 points 0.178449 know 0.055849

Dress 0.243322 little 0.210801 girl 0.165146 baby 0.055284

3.4. LSTM Training
3.4.1. Classification and Calculation of Keywords

In this study, keywords were manually mapped to evaluation indexes, and the av-
erage TF-IDF of keywords under each index was calculated as the index’s weight. The
classification of keywords is shown in Table 5.

Table 5. Classification and calculation of keywords.

Index Keywords TF-IDF Sentiment Score

Brand recognition dress, item, product 0.036752 0.232029

Personality and value body, design 0.012496 0.267497

Social recognition correspond, fit, medium, tell 0.020926 0.159501

Perceived quality light, material, quality, stretch 0.026441 0.243862

Use condition night, size, summer, way 0.018693 0.221954

Basic characteristics bit, color, length, little, piece, robe 0.020574 0.197227

Purchasing channel delivery, haven 0.014408 0.180267

Active service come, let, wait 0.021281 0.164802

Professionalism points 0.009208 0.178449

Brand feeling adore, photos, pictures 0.017359 0.252881

Brand judgment comment, expected, know, look, recommend, want 0.013527 0.173878

Price recognition price, worth 0.009511 0.315013

Behavioral loyalty buy, order, purchase, wear 0.018692 0.199765

Emotional loyalty baby, girl, like, love 0.044515 0.162579

3.4.2. LSTM Training

This study divided the indexes into 5 Kano categories according to TF-IDF and senti-
ment score. We referred to the TensorFlow implementation mechanism [36] to implement
the classification of indicators to Kano categories. First, TF-IDF and sentiment score were
used as the input feature x; that is, the input layer had 2 nodes. The Kano category was
used as the label y; that is, the output layer had 5 nodes. Secondly, the parameter weight W
and bias b in the network needed to be initialized. The indexes were classified into Kano
categories through a forwarding propagation calculation, that is, an iterative calculation
from the input layer to the output layer.

The calculation formula is as follows:

y =
n

∑
i=1

xi ∗Wi + b (6)

All inputs x were multiplied by their respective weights W and added to the bias b to
obtain the output y. The parameters were optimized, and the nested loop iteration realized
the parameter update. Then, the deviation was calculated through the loss function, and
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the loss visualization is shown in Figure 6 below. As the number of epochs increased, the
loss value decreased. When the number of iterations reached 500, the loss value was less
than 0.0358, and the smaller the loss value, the more accurate the classification. Finally, the
optimal parameters were selected and the effect tested.

Sustainability 2022, 14, 13127  12 of 17 
 

 

Figure 6. Loss function curve. 

The results of the index division into the Kano category are shown in Table 6. 

Table 6. Index Kano Category Division. 

Index  TF‐IDF  Sentiment Score  Kano Category 

Brand recognition  0.036752   0.232029   Expected factor 

Personality and value  0.012496   0.267497   Attractive factor 

Social recognition  0.020926   0.159501   Essential factor 

Perceived quality  0.026441   0.243862   Expected factor 

Use condition  0.018693   0.221954   Attractive factor 

Basic characteristics  0.020574   0.197227   Essential factor 

Purchasing channel  0.014408   0.180267   Indifference factor 

Active service  0.021281   0.164802   Essential factor 

Professionalism  0.009208   0.178449   Indifference factor 

Brand feeling  0.017359   0.252881   Attractive factor 

Brand judgment  0.013527   0.173878   Indifference factor 

Price recognition  0.009511   0.315013   Attractive factor 

Behavioral loyalty  0.018692   0.199765   Negative factor 

Emotional loyalty  0.044515   0.162579   Essential factor 

4. Result and discussion 

According to the relevant theories of the Kano model [21], the expected factor had 

a  linear relationship with consumer satisfaction.  If  the relevant service  indexes of  the 

essential  factors were not met,  consumer  satisfaction would be greatly  reduced. The 

attractive  factor  could  greatly  improve  consumer  satisfaction  in  the  international 

construction  of  cross‐border  e‐commerce  brands,  but  it would  not  ensure  consumer 

satisfaction without providing service indexes related to the attractiveness factor. Since 

satisfying the essential factors did not improve consumer satisfaction, the improvement 

of expected and attractive factors was an effective way to improve customer satisfaction. 

Therefore,  the  importance  of  the  demand  factors  of  each  Kano model was  ranked 

according  to  the  gradient  of  ʺessential  factor  >  expected  factor  >  attractive  factor  > 

indifference  factorʺ,  and,  based  on  the  above  conclusions,  a  hierarchical  tower  of 

international demand for cross‐border e‐commerce brands was constructed, as shown 

in Figure 7. 

Figure 6. Loss function curve.

The results of the index division into the Kano category are shown in Table 6.

Table 6. Index Kano Category Division.

Index TF-IDF Sentiment Score Kano Category

Brand recognition 0.036752 0.232029 Expected factor

Personality and value 0.012496 0.267497 Attractive factor

Social recognition 0.020926 0.159501 Essential factor

Perceived quality 0.026441 0.243862 Expected factor

Use condition 0.018693 0.221954 Attractive factor

Basic characteristics 0.020574 0.197227 Essential factor

Purchasing channel 0.014408 0.180267 Indifference factor

Active service 0.021281 0.164802 Essential factor

Professionalism 0.009208 0.178449 Indifference factor

Brand feeling 0.017359 0.252881 Attractive factor

Brand judgment 0.013527 0.173878 Indifference factor

Price recognition 0.009511 0.315013 Attractive factor

Behavioral loyalty 0.018692 0.199765 Negative factor

Emotional loyalty 0.044515 0.162579 Essential factor

4. Result and Discussion

According to the relevant theories of the Kano model [21], the expected factor had
a linear relationship with consumer satisfaction. If the relevant service indexes of the essen-
tial factors were not met, consumer satisfaction would be greatly reduced. The attractive
factor could greatly improve consumer satisfaction in the international construction of
cross-border e-commerce brands, but it would not ensure consumer satisfaction without
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providing service indexes related to the attractiveness factor. Since satisfying the essential
factors did not improve consumer satisfaction, the improvement of expected and attractive
factors was an effective way to improve customer satisfaction. Therefore, the importance of
the demand factors of each Kano model was ranked according to the gradient of "essential
factor > expected factor > attractive factor > indifference factor", and, based on the above
conclusions, a hierarchical tower of international demand for cross-border e-commerce
brands was constructed, as shown in Figure 7.
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4.1. Expected Factor

Expected factors include two indexes: brand recognition and perceived quality. Ex-
pected factors have a linear relationship with consumer satisfaction. If the relevant service
indexes of the expected factors are provided, consumer satisfaction increases and if the
relevant service indexes of the expected factors are not provided, consumer satisfaction
decreases accordingly. Therefore, when cross-border e-commerce brands improve their
internationalization, they should consider the provision of such factors.

4.2. Essential Factor

Essential factors include social recognition, basic characteristics, active service, and
emotional loyalty, which are basic needs. Suppose the relevant service indexes of the
essential factors are not met. In that case, consumer satisfaction is greatly reduced, but
consumers take such service indexes for granted, and improvement does not improve
consumer satisfaction.

4.3. Attractive Factor

Attractive factor includes four indicators: personality and value, use condition, brand
feeling, and price recognition. These indexes surprise consumers. If the relevant service
indexes of the attractive factor are provided, consumer satisfaction is greatly improved and
if the relevant service indexes of the attractive factor are not provided, consumer satisfaction
is not be reduced. Therefore, when cross-border e-commerce brands improve the degree of
internationalization, after the essential factors and expected factors are determined, they
can consider adding relevant service indexes for setting attractive factors to improve user
satisfaction faster.

4.4. Indifference Factor

The indifference factors include professionalism, purchasing channel, and brand
judgment. This index has no significant impact on consumers. Consumers do not care that
much about whether a product has these features. Consumer satisfaction does not change
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whether or not features are provided for the index related to indifferences. However, the
Kano model theory points out that change in consumer demand has dynamic characteristics,
which change with changes of time and place, and evolve in the direction of an indifference
factor→ attractive factor→ expected factor,→ essential factor. Therefore, cross-border
e-commerce brands should also pay attention to the relevant service indexes without
indifferent factors when improving the degree of internationalization.

4.5. Negative Factor

A negative factor includes an index of behavioral loyalty. Consumers have no demand
for indexes related to reverse factors, and consumer satisfaction is not increased after
provision but can even slightly decrease.

5. Conclusion and Limitations

The research found that the expected factors include brand recognition and perceived
quality indexes. In the internationalization process of cross-border e-commerce brands,
managers should focus on service indexes related to expected factors.

We also found that the essential factors include four indexes of social recognition, basic
characteristics, active service, and emotional loyalty. In the internationalization process
of cross-border e-commerce brands, managers should prioritize meeting service indexes
related to essential factors.

In addition, there are four indexes in the attractive factors, including personality
and value, use condition, brand feeling, and price recognition. In the internationalization
process of cross-border e-commerce brands, managers should strive to meet service indexes
related to attractive factors.

Moreover, there are three indifference factors indexes: professionalism, purchas-
ing channel, and brand judgment. In the internationalization process of cross-border
e-commerce brands, managers should make appropriate choices to observe service indexes
related to indifference factors in real time.

Finally, there is one index in the negative factor: behavioral loyalty. In the inter-
nationalization process of cross-border e-commerce brands, managers should avoid the
appearance of negative factors as much as possible.

5.1. Theoretical Contributions

Based on the SICAS consumer behavior model, this study integrated the CBBE
model, the ten-factor brand value model, and the Brand Equity Engine model to con-
struct an international evaluation index system for cross-border e-commerce brands. The
system is divided into five dimensions, totaling 14 indexes. The brand perception dimen-
sion represents consumer perception of a brand and brand reputation, including brand
recognition, personality and value, and social recognition. The product quality dimension
represents the consumer cognition of the product’s quality, conditions of use, and practi-
cality, including three indexes: perceived quality, use condition, and basic characteristics.
The service quality dimension represents consumer cognition of the tangibility, reliability,
response speed, and professional quality of service personnel, including three indexes:
purchasing channel, active service, and professionalism. The brand response dimension
represents consumer feelings and views on the brand, including brand feeling, brand judg-
ment, and price recognition. The brand loyalty dimension represents consumer willingness
to repurchase and recommendation awareness, including two indexes: behavioral loyalty
and emotional loyalty.

5.2. Practical Contributions

According to the gradient ranking of “necessary factors > expectation factors > charm
factors > no difference factors” of importance, the optimization of the service indicators
related to each factor was completed layer by layer. Therefore, managers could focus
on service indexes related to expected factors, and give priority to meeting the service



Sustainability 2022, 14, 13127 15 of 17

indexes related to the essential factors and striving to meet the service indexes related to the
attractive factor. Indeed, indifference and negative factors should not be a major concern.
Managers can enhance the internationalization of cross-border e-commerce brands through
the following measures.

Managers could focus on the expected factors related to service indexes. In cross-
border e-commerce brand internationalization, managers should prioritize improving and
enriching the expected factors, ensuring consumer brand recognition and perceived quality
needs, and striving to build their own competitive advantages to ensure consumers get
a better consumer experience. According to the brand recognition index, managers could
choose different marketing methods to increase publicity, such as internet marketing, e-
commerce platform marketing, product co-marketing, etc. [37] Given the perceived quality
index, managers need to improve the selection of raw materials, enhance their production
technological level, and improve the quality of inspection systems. In addition, managers
could also strengthen the design of packaging, from the details to enhancing consumer
perception of product quality.

In the initial stage of internationalization, priority should be given to the provision of
services related to indicators of the necessary factors. For active service index, managers
should improve customer service attitude, provide intimate services for consumers, such as
the initiative to provide notice of new products or brand activity, let the consumer realize
the cross-border e-commerce brand’s unique service in the consumption process, enhance
the service’s perceived value to the consumer [38]. According to the social recognition
index, managers could ascertain the degree of brand recognition in consumers’ minds and
strengthen any weak links to improve social recognition.

As far as possible, the manager should pay attention to the service related to the
attractive factor to ensure the satisfaction of the expected factors and the essential factors. As
much as possible, managers should expand the attractive factor-related services to maintain
existing consumers and attract potential consumers. For the personality and value index,
managers should increase investment in product design and research and development
and avoid outside influence. For the price recognition index, managers should provide
price concessions, such as launching full reductions in official websites, providing limited
discounts, and other activities to attract consumers to buy their products. For the conditions
of use index, managers need to improve the scope of application of the product as far as
possible and, according to the uses of the product, simplify or improve its functionality.
For the brand feeling index, managers should seek to break inherent impressions of the
brand to establish a new all-around brand perception for consumers, such as improving
the brand short board, developing new product types, and strengthening publicity [39].

There should be appropriate trade-off in real-time observation of indifference factors
related to service indexes. Managers should reduce resources for the indifference factors of
the service relative to the resources for the expected factors, essential factors, and attractive
factors [21], At the same time, managers should actively pay attention to consumer changes
and make timely adjustments.

In cross-border e-commerce brand internationalization, managers should avoid nega-
tive factors, such as repeatedly inviting consumers to give good reviews, or the release of
buyer’s shows, which can easily cause consumers to dislike the behavior, and, thus, lead-
ing to a decline in satisfaction. Rather than encouraging consumers to buy back through
repeated invitations and repurchase offers, managers should improve product quality and
service quality and praise consumers spontaneously to win more consumers to repurchase.

5.3. Limitations and Future Research

Since consumer groups with different consumption levels have different evaluations
of products, and comment panels cannot obtain specific information from consumers,
future research on the internationalization of cross-border e-commerce brands should
distinguish between comment groups. At the same time, this study only captured the
comment information of clothing products, and the index system could be extended to other
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commodity fields in the future to identify the problems existing in the internationalization
of cross-border e-commerce brands in those fields.
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23. Costea, A.; Ferrara, M.; Şerban, F. An integrated two-stage methodology for optimising the accuracy of performance classification

models. Technol. Econ. Dev. Econ. 2017, 23, 111–139.

http://doi.org/10.1016/j.jclepro.2020.124314
http://doi.org/10.14018/j.cnki.cn13-1085/n.2014.02.160
http://doi.org/10.15963/j.cnki.cn12-1401/f.2001.01.007
http://doi.org/10.13902/j.cnki.syyj.2003.13.058


Sustainability 2022, 14, 13127 17 of 17

24. Khan, W.A.; Chung, S.H.; Awan, M.U.; Wen, X. Machine learning facilitated business intelligence (Part I): Neural networks
learning algorithms and applications. Ind. Manag. Data Syst. 2019, 120, 164–195.

25. Koehn, D.; Lessmann, S.; Schaal, M. Predicting Online Shopping Behaviour from Clickstream Data using Deep Learning.
Expert Syst. Appl. 2020, 150, 113342.

26. Qin, W.; Lv, H.; Liu, C.; Nirmalya, D.; Jahanshahi, P. Remaining useful life prediction for lithium-ion batteries using particle filter
and artificial neural network. Ind. Manag. Data Syst. 2019, 7, 54843–54854.

27. Vanstone, B.J.; Gepp, A.; Harris, G. Do news and sentiment play a role in stock price prediction? Appl. Intell. 2019, 49, 3815–3820.
28. Huang, X.; Liu, G.; Liu, X.; Yang, A. Sentiment classification depth model based on word2vec and bi-directional LSTM. Appl. Res.

Comput. 2019, 36, 6.
29. Zhang, Z.; Xu, B. Research on E-commerce Logistics Service Quality Problem Based on Electronic Word-of Mouth Data Mining.

China Bus. Mark. 2019, 33, 43–55. [CrossRef]
30. Blei, D.M.; Ng, A.Y.; Jordan, M.I.; Lafferty, J. Latent Dirichlet Allocation. J. Mach. Learn. Res. 2003, 3, 4–5.
31. Cui, N. Research on Online Commodity Review Based on LDA Topic Model and Partial Order Set. Inf. Res. 2021, 12, 6.
32. Chen, J. Research on the Application of Online Comments Based on Text Mining; Hubei University of Technology: Wuhan, China, 2020.
33. Zhang, Y. Research on Mining and Application of Supply Chain Management Intelligence Based on Social Media Analytics.

Doctoral Thesis, South-Central University for Nationalities, Wuhan, China, 2020.
34. Li, R. Application of Data Mining Technology Based on TF-IDF Algorithm and LDA Topic Model in Power Customer Complaint

Text. Tech. Autom. Appl. 2018, 37, 5.
35. Zhang, M.; Li, Y. Research on the effectiveness of ethnic minority literature based on web crawlers. J. Southwest Minzu Univ. Nat.

Sci. Ed. 2019, 45, 173–177.
36. Abadi, M.; Barham, P.; Chen, J.; Chen, Z.; Zhang, X. TensorFlow: A system for large-scale machine learning. In Proceedings of the

12th USENIX Conference on Operating Systems Design and Implementation, Savannah, GA, USA, 2–4 November 2016; USENIX
Association: Berkeley, CA, USA, 2016.

37. Gerber, C.; Terblanche-Smit, M.; Crommelin, T. Brand recognition in television advertising: The influence of brand presence and
brand introduction: Original research. Prof. Account. 2014, 14, 182–189.

38. Zhang, X.D.; Pan, H.E. Study on the Influence Mechanism of Consumer’s Brand Preference in Cross-border E-commerce.
Consum. Econ. 2018, 34, 82–89.

39. Wei, P.Q. Countermeasures for the Development of Cross-border E-commerce with the Strategic Benefits Brought by the Belt and
Road Initiative. China Bus. Mark. 2017, 31, 62–70.

http://doi.org/10.14089/j.cnki.cn11-3664/f.2019.01.005

	Introduction 
	Theoretical Basis 
	Kano Model 
	Long Short-Term Memory (LSTM) 
	Sense, Interest and Interaction, Connect and Communicate, Action, Share (SICAS) Model 

	Methodology and Data 
	Research Technique 
	Construction of Cross-Border E-Commerce Brand Internationalization Evaluation Index System 
	Construction of Index System 
	The Meaning and Source of Indicators 

	Data 
	Data Collection and Preprocessing 
	LDA Model Construction 
	TF-IDF Keyword Weight Calculation 
	Sentiment Score Calculation 

	LSTM Training 
	Classification and Calculation of Keywords 
	LSTM Training 


	Result and Discussion 
	Expected Factor 
	Essential Factor 
	Attractive Factor 
	Indifference Factor 
	Negative Factor 

	Conclusion and Limitations 
	Theoretical Contributions 
	Practical Contributions 
	Limitations and Future Research 

	References

