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Introduction: 
Nowadays, product design has developed from product-oriented design to customer-oriented design 
[1], therefore, the analysis of customer requirements (CRs) is more important for enterprise to improve 
customer satisfaction [2]. With the development of computer technologies, ways to acquire CRs from a 
large number of online comments has been facilitated by text mining. Liu et al. [3] and Jiang et al. [4] 
proposed methods to automatically evaluate online comments for the inability to effectively and 
accurately identify a large number of online comments, and dig out the key CRs from the perspective 
of designers. Jiang et al. [5] proposed a demand-centered approach for requirements evolution by 
mining and analyzing online reviews. Peng et al. [6] proposed a method for acquiring CRs based on 
feature models and collaborative filtering, in order to improve the accuracy and efficiency of the 
software requirement acquisition process.  

After acquiring the CRs, it is necessary to rank the importance of CRs to determine the key points 
for product improvement. There are many methods for the importance ranking of CRs, such as score 
ranking method, analytic hierarchy process (AHP), rough set, fuzzy set. But the customers are always 
ambiguous or contain multiple semantics when expressing their requirements. The problem of low 
accuracy inevitably occurs when the traditional methods is used to calculate the importance weights of 
CRs. In order to solve this problem, the fuzzy sets are employed to enhance the expression of CRs [7]. 
The fuzzy sets convert the linguistic assessment of CRs to triangular fuzzy numbers, which are used to 
build the pairwise comparison matrix of AHP [8]. But the approach does not consider the influence of 
customer preference, and most of the membership functions of the fuzzy set are given by experience 
with obvious subjectivity. 

However, the previous efforts have mostly focused on improving the accuracy of analysis of CRs, 
ignoring the importance of efficiency of analysis. Most of the traditional methods for acquiring CRs 
need to survey or interview, which increases the time to collect information of CRs. Although the 
online comment mining are used to acquire CRs, they ignore the differences in expression of 
customers. Existing methods for importance ranking of CRs has the disadvantages of difficulty in data 
collection and heavy workload. Furthermore, CRs is divorced from product design, which reduces the 
speed of product development. 

To solve the above problems, this research proposes a computer-aided approach, which is an 
integrative method to design a complete system from acquisition of CRs to product design and 
development. It is achieved by a hybrid analytical approach consisting of text mining, word association 
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model, importance ranking and QFD [9]. First, we use text mining technology to process online 
customer comments, including word segmentation, data cleansing, part of speech (POS) tagging, word 
frequency and weight statistics. All the text analysis results are used to build the word association 
model to acquire CRs. Second, we propose the importance calculation method based on the weight of 
words, and take the key points of sales and the proportion of product improvement into account. 
Third, we employ the Kano model and sentiment analysis to improve the importance ranking of CRs. 
Finally, the CRs and importance analysis results are integrated into the QFD to build an integrated 
system for the transformation of CRs. And a case study implemented the acquisition and analysis of 
CRs for a smartphone to demonstrate the feasibility and effectiveness of the proposed methodology. 

Main Idea: 
In this section, we introduce the proposed approach, it includes four parts: data collection and 
pretreatment, acquisition method of CRs, importance ranking method and an integrated system for 
transforming CRs to technical characteristics of product. The structure of the integrated approach is 
shown in Figure 1. 
 

 
 

Fig. 1:  Flow chart of the method. 
 

Data Collection and Pretreatment 
Online comments from a wide range of sources, such as e-commerce platforms, forums and online 
virtual communities, which store a large number of customer comments data. In this research, the 
Octoparse [10], a crawler software for data collection from China, was used to crawl customers’ 
comments.  

Data cleansing is necessary to maximize the quality and value of the online comments. Data 
cleansing process includes two specific aspects. The first one is synonym replacement. Due to the 
diversity of Chinese expressions, synonyms often appear in a comment text. In order to improve the 
accuracy of CRs’ acquisition, synonyms can be filtered through replacement. The second one is stop-
words removal, which aims to eliminate noise words unrelated to CRs. 

In this research, the ICTCLAS [11], a Chinese lexical analysis system, is used for semantic analysis. 
It is a Chinese lexical analysis based on the Cascaded Hidden Markov Model (CHMM), which includes 
five levels of atomic segmentation, simple unknown word recognition, recognition of nested unknown 
words, class-based hidden horse segmentation and hidden horse tagging of POS. 
Integrated Model for Acquiring Customer Requirements 
The acquisition method of CRs based on online comment mining consists of two parts, the extraction 
of product attributes and the expression of CRs for product attributes. Product attributes are usually 
expressed in two ways in the comment text. The first way is expressed by nouns, such as “system”, 
“appearance”, “battery”, etc. The second way is implicit in the comments, such as “(appearance) nice”, 
“long (battery) standby time”.  

We proposed a model to express CRs by combinations of feature words which include noun, verb 
and adjective. The first combination is “noun + verb + adjective”, such as “system/n run/v fluent/a”. 
The second combination is “noun + adjective”, such as “screen/n beautiful/a”. The third combination is 
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“verb + adjective”, such as “charge/v fast/a”. These three combinations summarize the majority of 
product attributes, and fully reflect the customer sentiment expression of product attributes. 

Therefore, CRs can be expressed in feature terms as combinations of nouns, verbs, and adjectives. 
 { , , }T n v a=  (1) 

where T  is the feature term; n  is a noun; v  is a verb; n  is an adjective. 

The word association model for customer requirement acquisition is shown in Fig. 2. In this model, 
all feature items are clustered to obtain CRs. 
 

 
 

Fig. 2: Word association model. 
 

Method for Ranking Importance of Customer Requirements 

Assume each customer requirement can be expressed by n  feature terms： 

 1 2{ , , , , , }j i nCR T T T T=        (2) 

where jCR  is the thj  customer requirement; iT  is the thi  feature item that constitutes the customer 

requirement. The weight of the thi  feature term is: 

 '

iT n n v v a aW W r W r W r= + +  (3) 

where '

iTW  is the weight of the feature term iT ; nW , vW  and aW  represent the weights of nouns, verbs 

and adjectives respectively. nr , vr  and ar  are correction coefficients, which are determined by the 

correlation coefficient between the weight and word frequency of nouns, verbs and adjectives.The 
importance of initial CRs is obtained: 
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where 
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jCRW  is the weight of customer requirement jCR ; 
'
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items in customer requirement jCR  

In order to improve the accuracy and completeness of the calculation results, weight correction is 
carried out by using the improved ratio and key points of sales to define the basic importance of CRs: 

 
'' '

j jCR CRW W r p=  (5) 

where 
''

jCRW  is the basic importance of customer requirement jCR ; r  is the product improvement 

expectation determined by the enterprise according to the market condition, capital condition, 
competition condition, etc., and the formula is: 

 
 

 

improvement plan
r

current status
=  (6) 
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p  is the key point of sales, representing the extent to which technical characteristics of product 

affect customers purchase decisions. It can be divided into three levels: level 1 means the customers 
want to own and are willing to pay, the weight is 1.5; level 2 means the customers are interested but 
will consider the price, the weight is 1.2; level 3 means the customers is not interested, the weight is 1. 

According to the basic importance of CRs, we propose a method to improve the accuracy of basic 
importance by integrating the Kano model and the sentiment polarity. The determination process of 
final importance is shown in the following steps. 

Step 1. Identify the Kano category of the CRs 
For each customer requirement, the Kano questionnaire was designed by setting forward and 

backward questions; conduct Kano questionnaire survey, calculate the frequency of various CRs in 
different requirement types according to the evaluation results, and get the membership degree of 
each customer requirement to the Kano category. In Kano model, O stands for expected requirement, M 
stands for basic requirement, A stands for attractive requirement, R stands for reverse requirement, I 
stands for no difference requirement, and Q stands for suspicious results. 

Step 2. Determine the satisfaction influence ( SI ) and dissatisfaction influence ( DSI ) of the CRs 

The formulas for calculating the satisfaction influence and dissatisfaction influence are: 

 ( ) ( )SI A O A O M I= + + + +  (7) 

 ( ) ( )1DSI O M A O M I= − + + + +  (8) 

Step 3. Sentiment polarity analysis 
This research adopts the method of sentiment polarity analysis based on sentiment dictionary, and 

calculates the sentiment score by using negative word dictionary and degree adverb dictionary.  
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 (9) 

where CRQ  is the sentiment score of customer requirement CR , K  is the number of sentence 

comments, NOT  is the number of negative words in the sentence k , kP  is the weight of adverb, and 

kS  is the score of sentiment word. 

Step 4. Ranking of importance of CRs 
Through Kano score and sentiment score to improve the basic importance of CRs to get the final 

importance. 

 ''' '' 2 2

j j jCR CR CRW W SI DSI Q= +  (10) 

An Integration Method for the Transformation of Customer Requirements 
This research builds an integrated system to transform CRs to technical characteristics of product by 
integrating the model of customer requirement acquisition and method of importance ranking to QFD. 
 
Case Study 
In this section, a case study is implemented to acquire and prioritize the CRs of smart phones. The 
QFD is employed to redesign the target characteristics that need to be improved in order to verify the 
effectiveness of the proposed method. This case study considers smart phones because there are a 
large number of online comments in online shopping platforms. In this research, Octopus crawler 
software was used to collect 5,000 customer comments on Huawei P40pro from JD.com. Python was 
used to preprocess online comment text data. ICTCLAS lexical analysis system was used for word 
segmentation, POS tagging, word frequency and weight statistics. 

Conclusions: 
In this research, a computer-aided approach for acquisition and importance ranking of CRs from the 
online comment mining is proposed, and an integrated system for the transformation of CRs is built. 
The proposed approach could help product development departments and marketing departments to 
know in advance the customer requirement state evolution trends, and satisfy the requirement. In this 
way, right resource could be put into the right CRs at the right time. The validation of the proposed 
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method in the requirement analysis of mobile phone shows that it is a more effective tool. To sum up, 
the approach reveals the following strengths: 

The proposed computer-aided approach for acquiring CRs solves the problems of differentiation in 
expression of CRs. It considers the customers’ expression habit, and therefore, provides a combination 
mode suitable for different expression habits. 

The proposed computer-aided approach provides more reasonable and reliable importance ranking 
of CRs because it takes the product improvement ratio, key sales points, Kano model and sentiment 
polarity into account to improve the efficiency and accuracy of the importance ranking. 

An integrated system is built to improve product innovation performance and product 
development efficiency. With the above integrated system, enterprise can clarify their own advantages 
and disadvantages, and improve the product continuously. 
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