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Nowadays, electronic book vendors are increasingly proactive in trying to strategically capitalize on online big data generated by
consumers. It will bring great proﬁt for vendors if they can make the most of online reviews to ﬁgure out the impact of online data
on the selling prices of e-books. In this paper, we complement an emerging body of research to explore how e-book prices could be
aﬀected by online information via analyzing the sheer volume of online data from e-book websites, namely, we ﬁrst employ a
domain ontology-based method to select the most discriminative features that may aﬀect e-book prices. Then, the topic modeling
method latent Dirichlet allocation and aspect-oriented sentiment analysis methods are applied as a supplement. Using the
multiple regression method, we identify the key features that may have eﬀects on the prices of e-books and give the related
regression equation. In our results, some factors including paper book prices, paper book pages corresponding to the e-book, and
e-book content have signiﬁcant eﬀects on the price of e-books. The managerial implication is that e-book ﬁrms can obtain a
reference price for an e-book and may dynamically adjust the price to increase e-book sales according to our data analysis results.

1. Introduction
An electronic book (or e-book) is an electronic version book
publication which is available on the screen display of mobile
phones, computers, or other electronic devices. In the 2000s,
with the growth of e-commerce, there was a trend of print
and e-book sales going to the Internet, where customers
could buy traditional paper books and e-books on e-commerce websites. Compared to traditional paper books,
electronic books have many signiﬁcant advantages, such as
lower prices, increased comfort, and a larger selection of
titles. E-books are rapidly gaining popularity around the
world in recent years. At the start of 2012 in China, there
were more e-books published online than distributed in
hardcover. The amount of e-book reading is growing rapidly
in China. Data showed that 23% of adults had ever read an
e-book in 2013, while this number grew to 28% by the end of
2014, increased by ﬁve percentage points. Besides, there is
also a signiﬁcant increase in the use of e-book hardware

devices such as Kindle produced by Amazon. In 2013, only
30% of Chinese adults had an e-reader or a tablet, while this
number reached 50% in 2014.
With the rapid development of electronic book publishing and use [1], a lot of practitioners and academic researchers pay more attention to the research related to
e-books [2]. The pricing strategies of digital rights are a big
challenge in many industries if the transition is made from
physical goods to digital products [3]. An electronic book
can be seen as a special kind of information goods or services. Information goods diﬀer a lot from physical goods in
many aspects. For example, the marginal production cost of
the information good is almost equal to 0 [4]. Thus, there is a
big diﬀerence between e-books and traditional paper books
commercially. The research of pricing strategies is becoming
a diﬃcult issue for e-book vendors.
Electronic book manufacturers usually adopt these two
pricing strategies for their products. The e-books on Amazon
can sell at a certain price for perpetual ownership to
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customers. Besides, Amazon also launched a special service
called Kindle Unlimited, which can be regarded as a kind of
leasing model. Kindle Unlimited is a new service that allows
users to explore over 1 million e-books and thousands of
audiobooks on any device as long as they pay $9.99 per
month. Our research mainly focuses on exploring the ﬁrst
pricing model; that is, consumers can buy e-books at a
certain price to obtain permanent reading rights of the book,
and the commercial pricing strategy of Kindle Unlimited is
not considered in this paper. An interesting business
problem for the merchants is how to determine an optimal
selling price for each e-book and how to dynamically adjust
prices in a series of promotional strategies to increase
merchants’ proﬁts.
In recent years, there has been a large number of related
research in exploring the inﬂuences of online information on
customers’ purchase behaviors. In many e-commerce platforms, there are comment channels to allow customers to
give product reviews and rate the products [5]. In this way, it
may induce important online information: online word-ofmouth (WOM) eﬀects, helping consumers learn more information about the product. Chevalier and Mayzlin [6]
explore the inﬂuence of consumer reviews on relative sales of
paper version books, and the results suggest that WOM on
the Internet have an important impact on customer behavior. Hu et al. [7] suggested that consumers should make
the best of online WOM of books for making purchases. On
e-book websites, there are also lots of online information
which readers may consider, such as related introduction to
books, customer reviews, and celebrity recommendation.
For e-books vendors, the pricing strategy diﬀers a lot
from traditional paper books. A very signiﬁcant reason is
that e-books, as a kind of product of the Internet era, will
have a large amount of online consumer review information.
Previous research has shown that products’ online information, especially consumer reviews, has a very signiﬁcant
impact on the consumer decision-making process. As a
result, the previous research on traditional paper books
pricing models is not necessarily applicable to e-books. The
online information of e-books will inﬂuence consumers’
buying decisions largely. Customer review is displayed to all
potential paying readers on the e-book website and plays a
vital role in the product. Research shows that the vast
majority of consumers refer to product reviews during their
buying decision process. Good reviews will increase consumers’ conﬁdence in buying the product, and bad reviews
will make buyers feel disappointed and abandon the
product. In addition, consumer review information also
aﬀects the e-book’s best-selling rankings. Many consumers
also treat the best-selling rankings of e-books as a very
important reference factor before purchasing. Therefore, the
online information of e-books plays a signiﬁcant role in the
purchase intention of consumers and may aﬀect e-book
sales. In traditional economic theory, the price of a commodity is determined by the supply and demand in the
market. In this way, the e-books’ online information may
indirectly have eﬀects on the corresponding selling price. If
e-book merchants can fully mine the online information and
generate the corresponding price strategies, they will
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undoubtedly increase the sales of e-books and obtain much
greater proﬁts. Thus, research exploring the eﬀects of e-book
online data on its selling prices has important management
and commercial implications for e-book manufacturers.
An interesting problem is that how e-book vendors mine
useful knowledge from their vast online information for
their pricing management decisions. More speciﬁcally, how
to adjust the price of e-books based on massive online data to
achieve greater beneﬁts becomes an attractive research
question. There are a great number of big data analysis
methods applied to the research of e-commerce. Literature
in economics and marketing suggested that consumers
depend on online product reviews to make purchase decisions [8, 9]. Many researchers provide useful insights into
the relationship between online reviews and sales. They
showed a positive correlation between the average review
ratings and product sales [10–12] or between the volume of
reviews and sales [13, 14]. Most of the existing studies explore the impact of online reviews on consumer purchasing
behavior or the impact of online reviews on product sales
and vendor’s proﬁts. There are very few studies to explore
the enlightenment of the online information of e-books on
the pricing strategies of merchants. This research question
has some commercial signiﬁcance to e-book merchants.
Therefore, our research is carried out along such a new path.
In addition, most of the previous studies mainly focused on
one of the traditional attributes or social attributes. Our
research combines the traditional attributes with social attributes of e-books and applies domain ontology and Text
Mining methods to integrate numerical data with text-based
data in one multiple linear regression model, which is also a
supplement to the existing research.
Our research mainly explores the inﬂuence of e-book
online information on the pricing strategies of e-book
merchants. We convert textual data into numerical data by
constructing domain ontology and text aspect-oriented
sentiment analysis methods, and ﬁnally, reveal the main
determinants of e-book price through multiple regression
models. According to the source of online data of e-book
websites, the e-book data can be divided into two categories:
traditional attributes and social attributes. Traditional attributes refer to the inherent attributes of e-books themselves as a reading product, such as book prices and book
pages. The social attribute mainly refers to a series of text
information generated by the consumers’ behaviors on the
Internet, such as e-book massive consumer review information. From the perspective of data type, the online data of
the e-book can be divided into two data types: text data and
numerical data. For all the data of e-books, we employ the
domain ontology-based method to select key features that
may aﬀect e-book prices. In order to mine text information
of e-book, latent Dirichlet allocation (LDA) method and
aspect-based sentiment analysis are employed in our research. In this way, we convert each aspect of text information into sentiment scores. Then, we use the multiple
regression method to combine these two parts of the results
into consideration, and we got the ﬁnal result of the main
features that may have eﬀects on the selling prices of
e-books.
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Our research results can provide a good reference for the
pricing strategies of e-book manufacturers commercially.
E-book vendors can mine the main factors that may have
greater impacts on the selling price through a large amount
of online review information for e-books. When applied to
business practice, they can identify those attributes that will
have signiﬁcant eﬀects on the price of e-books and then
adjust the selling price of e-books accordingly in advance to
obtain greater proﬁts.
The remainder of the paper is organized as follows. A
brief introduction to previous studies is given in Section 2.
Section 3 explains the proposed combined domain ontology
and text analytics methodology for e-book pricing. Section 4
illustrates the computational details of the proposed
methodology. The experimental procedures and the empirical results are also discussed in this part. Finally, the
conclusions and pinpoint future directions of our research
work are summarized in Section 5.

2. Literature Review
In our study, we draw mainly on three streams of research in
IS economics and marketing: (i) the impact of product
prices, (ii) the commercial role of product online information, and (iii) the relationship between online data and
prices.
2.1. The Impact of Product Prices. The ﬁrst stream of literature relevant to our work is related to the research of the
impact of product prices in commerce. Previous research has
shown that product price has been proven to be an important determinant of customer satisfaction in the
manufacturing industry [15], and there are also similar
results that have been proven in other industries such as
rental cars [16]. The analytical model further examined the
impact of price-inﬂuenced reviews on ﬁrm optimal pricing
and consumer welfare [17]. Besides, according to the existing
research, when consumers are uncertain about the product
information, they tend to regard price as a signal of its
quality [18–21]. According to these studies, price plays an
important role in consumer choice. Considering these
factors, our study investigates how to determine an optimal
e-book price based on online information on the websites.
2.2. Commercial Role of Product Online Information. The
second stream of extant work relevant to our research is the
commercial role of online data. As one of the most important online data, many studies explored the commercial
value of customer review, which is also called word-ofmouth eﬀects. Since Rogers, word-of-mouth has been
perceived as an important driver of sales in the product
diﬀusion literature [22]. Those models normally assume that
consumers’ experience with a product is communicated
positively through word-of-mouth and, therefore, facilitates
product diﬀusion [23]. With the emergence of large-scale
online communication networks and the increase of customers’ willingness to evaluate the products online, researchers can observe word-of-mouth over time and,
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therefore, obtain a deeper understanding of consumer
preferences and decision processes. Recent studies have
attached great importance to online customer reviews,
which is one of the hottest issues in electronic commerce
research. Based on product reviews online or conversation
data collected from consumer networks, many researchers
can eﬀectively explore the relationship between word-ofmouth and product sales. In the book industry, it has been
demonstrated that the diﬀerences between consumer reviews posted on the Barnes & Noble site and those posted on
Amazon.com were positively related to the diﬀerences in
book sales on the two websites [6]. Two other studies further
found that reviews from the same geographic location [24]
or with a higher helpfulness vote [25] have a higher impact
on product sales. There are also some researchers who test
the relationship between reviews written by customers and
customer ratings. Gan and Yu [26] used reviews and ratings
to build a multilevel model for showing the sentiment
impact on diﬀerent levels. Chen and Xu [27] studied the
determinants of online customer ratings by analyzing customer review data using a combined domain ontology and
topic text analytics approach.
However, to our knowledge, research on the relationship
between product online data and price is largely missing. We
consider this an interesting issue in e-commerce by applying
a mixed model combined with domain ontology and topic
text analytic in this paper. In particular, our research innovatively tests the eﬀect of online information on e-book
prices, which is new compared to previous related work.
2.3. The Relationship between Online Data and Prices. The
third stream of extant work relevant to our research is on the
relationship between online data and prices. Some related
studies consider product reviews and prices together. In
most of these existing studies, researchers investigated how
product prices have a signiﬁcant impact on customer reviews
and what ﬁrms should do to respond to these price eﬀects in
reviews. In most above existing literature in the second
stream of related work we mentioned, it is implicitly assumed that consumer reviews reﬂect consumers’ perceptions of product quality, and hence, consumers are not
aﬀected by the price of products. However, whether this
assumption is consistent with consumer behavior is left
untested. Bolton and Drew [28] suggested that a buyer will
make a trade-oﬀ between beneﬁt (quality) and cost (price)
before their purchase. Although a lot of people agreed that
consumers’ purchase decision is determined by the expected
utility before purchase, perceived value can also aﬀect the
consumer’s ex post satisfaction with the purchase [29]. In
this way, price should be an important factor inﬂuencing
consumers’ postpurchase satisfaction and, in turn, will inﬂuence consumer reviews [30, 31]. Richins [32] also suggested that word-of-mouth may be driven by product price
in a purchase. Li and Hitt [17] developed an analytical model
that examines the impact of price-inﬂuenced reviews on ﬁrm
optimal pricing and consumer welfare.
The related work mainly discusses the potential impact
of price on customers’ postpurchase perceptions and
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satisfaction and thus inﬂuences product reviews. But nearly
no studies explore whether customer reviews can aﬀect the
price of products. Our research ﬁlls this interesting gap and
furthermore, the managerial implications for e-book ﬁrms
are discussed.

3. Research Methodology
In this section, the methodology for e-book price determinants research, which is applied to construct the proposed
combined domain ontology and text analytics framework, is
brieﬂy described. More speciﬁcally, for traditional attributes,
we employ the domain ontology-based method to select the
most discriminative features that aﬀect e-book prices. For
social attributes, which mainly refer to online text information,
the
topic
modeling
method
latent
Dirichlet allocation is applied at ﬁrst to select feature set, and
then we use the aspect-oriented sentiment analysis method
to convert text information into numeric data. Using the
multiple regression analysis models, we identify the key
features that may inﬂuence the prices of e-books and give the
related regression equation. These analysis methods underpin the development of an eﬀectively combined domain
ontology and text analytics framework for studying the eﬀect
of online data on e-book price. The overview of the proposed
framework is shown in Figure 1.
As described in Figure 1, we crawl e-book prices and
e-books attributes consisting of fundamental attributes and
social attributes from Amazon websites ﬁrstly. Secondly, to
capture the professional e-book concepts from traditional
attributes, we constructed the e-book ontology. Thirdly,
data mining methods are applied to select useful features
from traditional attributes and explore the inﬂuential
impact of these features. Fourthly, for social attributes,
which mainly refers to customer reviews, the Latent
Dirichlet Allocation method is employed to construct the
aspect-related review feature sets, and then, we apply the
sentiment analysis method to estimate the sentiment score
for each feature obtained by the text mining approach.
Finally, we use the multiple regression method, which
combines the analysis of the two parts into one model to
reveal the main determinants of e-book prices and then the
results are discussed. We will discuss the model details in
the following subsections.
3.1. Data Collection. The e-book data used in this paper are
based on the Amazon website, and we obtain these data by
crawling. This is because Amazon, as a leader in the e-book
industry, has a massive online e-book resource library and
the largest user group. In the e-book industry, Amazon has
the largest market share in the world, and both its software
and hardware products have the best reputation in the industry among consumers.
This study chooses the data from the best-selling list of
electronic books on Amazon.com, including the traditional
attributes and social attributes of e-books. The traditional
attributes mainly refer to the domain ontologies of the
e-book, while the social attributes refer to the online review
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information of book readers. In terms of the types of data,
our data includes numeric data and text data.
3.2. Traditional Feature Extraction. For traditional attributes, we employ the domain ontology-based method to
select the most important features that may have eﬀects on
e-book prices.
An ontology is a formal naming and deﬁnition of the
types, properties, and interrelationships of the entities that
really exist in a particular domain of discourse. The concept
of ontology came from the ﬁeld of philosophy; ontology is
often represented by a hierarchy of concepts and some other
semantic information. According to the related work, domain ontology focuses on the concepts and their relationships to a particular domain [33]. Besides, domain ontology
represents the axioms (e.g., rules) and constraints that deﬁne
the foremost features of the domain [34–36]. An ontology
compartmentalizes the variables needed for some set of
computations and establishes the relationships between
them. It is a formal and generic way to represent a set of
related concepts of a domain so that diﬀerent people can
reuse and apply this domain knowledge. Ontology is popular
in describing domain knowledge due to its distinct advantage of promoting reusability.
In this paper, we identiﬁed the semantic relationships
among diﬀerent concepts of the domain of books ﬁrst. Then,
a causal map that can be used as a basis to explain diﬀerent
events (e.g., increasing or decreasing e-book prices) pertaining to the book market is constructed and represented in
the form of a semantically rich domain ontology. Finally, the
domain ontology is applied to select useful features for
e-book price determinants. The proposed e-book price
ontology is built and reﬁned using well-known and eﬀective
knowledge engineering tools such as Protégé [37]. Book
concepts are extracted based on some well-known professional book websites (e.g., douban.com) which are summarized by domain experts.
There are several well-known and eﬀective knowledge
engineering tools which can be applied to construct the
proposed domain ontology. In our work, Protégé [37], a
java-based open-source ontology editor, was adopted as the
knowledge engineering tool to construct our domain ontology. We elicit product concepts based on one of the most
famous professional book review websites (douban.com),
which are written mainly by senior readers who can be
regarded as domain experts of this ﬁeld. On the ontology
reﬁnement stage, the Protégé reasoner, which is an external
plug-in of Protégé, is applied to check the integrity and the
correctness of domain ontology. After completing the reﬁnement step of ontology construction, some prominent
concepts related to e-books are encoded in the proposed
domain ontology. As a result, several features which may
have a direct inﬂuence on e-book price are depicted.
3.3. Social Feature Extraction. In this part, the topic modeling method latent Dirichlet allocation (LDA) is applied to
extract topics from e-book reviews which can be considered
as a supplement to the previous domain ontology method.
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Figure 1: A text mining and domain ontology framework for e-book price eﬀects.

3.3.1. Data Preprocessing. Before the LDA model setup and
further analysis, we should do the data preprocessing work
for raw customer reviews. The procedure of data preprocessing consists of the following steps. The ﬁrst step is
Chinese word segmentation, namely, to segment a sequence
of Chinese characters into short strings of words. Although
the text data of e-book reviews appear in the form of long
sentences in diﬀerent structures, the signiﬁcant information
of the review data is usually distributed across several words
in one sentence. Because of this, we should focus on a few
keywords instead of the entire sentence. For our study, we
use ICTCLAS [38] to complete Chinese word segmentation,
which is a widely used Chinese language processing tool and
can be implemented in diﬀerent programming languages.
The second step is stop words removal, that is, to remove the
words without any speciﬁc meanings. For instance, the
words like “the,” “of,” “on,” “at” in English are usually
regarded as stop words. Stop words can be abandoned
during the stage of sentiment analysis. The third step is partof-speech (POS) tagging. In this way, the property of a
certain word in sentences can be recognized. Nouns can
usually stand for certain aspect descriptions. Adjectives and
adverbs are mainly used for sentiment analysis. After
Chinese word segmentation, stop word removal, and POS
tagging, the remaining words are what we prepared ready for
our following work.

to extract the most signiﬁcant aspect that may directly aﬀect
the e-book price from the customer reviews, which can be
regarded as another approach for aspect identiﬁcation.
LDA is a document topic generation model, also known
as a three-layer Bayesian probability model, which contains
a three-layer structure of words, topics, and documents.
LDA is a typical the Bag of Words mode, which means that
a document is a collection of a group of words and there is
no order or precedence relationship between words. Each
document can be viewed as a representation of a probability
distribution of many topics, and each topic can be viewed
as a representation of a probability distribution of a set of
words. What’s more, because of the noncorrelation between the components of the random vector in the
Dirichlet distribution, the candidate topics are independent
of each other [39]. The mathematical notation conventions
applied to the topic modeling of the document set by the
LDA model are as follows: (1) the vth word in the vocabulary is represented by a V-dimensional vector w, where
for any u ≠ v, wv � 1, wu � 0. (2) The document is a sequence of N words, denoted by d � w1 , w2 , . . . , wn . (3)
The document set is a collection of M documents,
D � d1 , d2 , . . . , dM . Assuming that there are k topics, the
probability of the ith word wi in document d can be
expressed as follows:
T

P wi  �  P wi |zi � jP zi � j.
3.3.2. LDA Model. In natural language processing, Latent
Dirichlet allocation (LDA) is a generative statistical model
that can automatically detect the latent topics among largescale documents without any prior knowledge or any
manual annotation. For our study, we apply the LDA model

(1)

j�1

For convenience, let ϕjw � P(w|z � j) be the multinomial distribution for word w in topic j and θdj � P(z � j)
represents the multinomial distribution for topic T in the
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document. The probability of word w that occurs in the
document d is as follows:
T

P(w|d) �  ϕjw θdj .

(2)

j�1

meaning of the same aspect, the value of δ(ui , uj ) is equal to
1 if two segments ui and uj are labeled as two diﬀerent
aspects, and 0, otherwise. That is,
δui , uj  � 

1

if ui and uj are labeled as two different aspects,

0, otherwise.

(6)
3.3.3. Text Feature Sets. For the proposed topic model in our
paper, the Fine-grained Labeled LDA (FL-LDA) method
[40] is applied to identify words that are related to e-book
aspects. Some seeding words are given before the establishment of social feature sets ﬁrst. Then, we amend the
feature sets of social attributes of e-books by analysis of
topics and words which is based on FL-LDA results. In this
model, we employ a collapsed Gibbs sampling method [41]
to compute the posterior distribution:
P(z|w) �

P(w, z)
.
z P(w, z)

(3)

The criterion function J(C, U) can be expressed as
follows:
J(C, U) �  δ ui−1 , ui  ∗ scorea∗ ui 
1≤i≤k

(7)
�  ⎢⎡⎣δ ui−1 , ui  ∗  scorea∗ (t)⎥⎤⎦,
t∈ui

1≤i≤k

where the parameter a∗ denotes the aspect in which segment
ui has the maximum probability of happening. The segments
that are related to the same aspect will be regrouped together
after the procedure of aspect-based sentence segmentation.

The joint likelihood of a word w associated with an
aspect z is given by the following:
P(w, z|α, β, c) � P(w|z, β, c)P(z|α, c).

(4)

3.4. Sentiment Analysis. In order to determine the sentiment
score for diﬀerent features of each customer review, the
proposed approach performs sentiment analysis at the clause
level using an aspect-oriented sentiment analysis method.
The approach makes use of both aspect-based sentence
segmentation and a domain-speciﬁc lexicon to decide the
sentiment polarities for the aspects we get in the former
section. We will give the details in the following sections.
3.4.1. Aspect-Based Sentence Segmentation. For each review
sentence in our data which contains multiple aspects, the
ﬁrst task for aspect-based sentiment analysis we should do is
to split such a multiaspect sentence into multiple singleaspect units. Thus, before the sentiment score computing, we
will divide a review sentence that contains multiple aspects
into multiple segmentations to make sure that each sentence
is only related to one single aspect. We ﬁrst cleaned the raw
reviews for the purpose that only the reviews that are related
to some aspects are maintained. In this way, unrelated reviews are given away. For our study, to tackle the aspectbased sentence segmentation task, we applied the multiaspect segmentation (MAS) model that takes a multiaspect
sentence as input and produces multiple single-aspect
segments [42].
In order to formulate a multiaspect segmentation model,
we deﬁne a criterion function J(·) that aims to evaluate each
candidate segmentation U of sentence C. The deﬁnition is
given as follows:
U∗ �def arg max J(C, U).
U

(5)

Then, we introduce an indicator function δ(ui , uj ) to
represent whether two adjacent segments express the

3.4.2. Aspect-Oriented Sentiment Analysis. For each review,
we cluster the sentence segmentation related to the same
aspect together. Then, we can analyze the sentiment polarity
for each aspect, respectively. Before analyzing, the reviews
do not mention any aspects are discarded, and the default
sentiment polarity for the missing aspect is set as neutral. For
each feature word in the aspect-related review, we can
calculate the polarity. Finally, we acquire the comprehensive
aspect sentiment score by accumulating polarity strength for
each feature word.
We give the calculation formula of the sentiment score of
each feature of the e-book. For each e-book, we assume that
in the sentiment analysis polarity corresponding to the ith
aspect, the number of sentiment polarity of positive (+1),
neutral (0), and negative (−1) reviews in cleaned date sets are
Nip , Ni0 , and Nin , respectively. Then, the sentiment score of
the e-book related to this aspect Si can be calculated as
follows:t
Si �

Nip − Nin
Nip + Ni0 + Nin

.

(8)

3.5. Regression Model. The most discriminative features that
may aﬀect e-book prices have been selected in the previous
sections. In this section, the relationships between electronic
book prices and these key features are established based on
multiple regression models. We would like to combine the
traditional attributes with social attributes which we considered respectively in former sections into one regression
model, aimed to capture the main features which may direly
aﬀect the e-book prices. We have calculated the sentiment
score for each feature generated based on the Ontology
method and LDA results, which are regarded as independent
variables in the regression model. We treat the e-book prices
as dependent variables. Finally, we establish the multiple
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linear regression equation by means of a well-known statistics software SPSS.

4. Empirical Analysis
4.1. Data Description. The datasets in our empirical study are
crawled from an industry-leading electronic book website
Amazon.com, which is the world’s largest online bookstore.
We ultimately obtain 498 e-books’ prices and their related
data in the dataset, which are crawled from the best-selling
list of e-books in Amazon. On the whole, our crawled data
contain three types of data: text data, numerical data, and
price data. Overall, our raw datasets consist of 498 e-book
price data, 147,362 text data, and the related numerical data
in total for the corresponding books. A summary of all the
data is intuitively shown in Table 1.
There are a large number of text data we obtained, including e-book reviews and book description about the
author celebrity recommendation. However, the number of
electronic book text data we can use in our experiment is
only a small portion. Because some customer reviews are too
short to get the real meanings for our research, or some are
only general descriptions for the book. For example, “A very
good book, I like it very much,” this review is just comprehensive description of the e-book, which do not mention
anyone aspect sets we constructed. In this way, we clean the
e-book review data in order to strike out the reviews which
contained less than 8 words. Those reviews do not make any
sense in our experiment results. In the aspect-level data
cleaning process, we only maintain the reviews that mention
at least the aspect we choose before. Accordingly, there are
26,104 texts left after the aspect-level data cleaning process
for customer reviews.
4.2. Feature Extraction. In this section, we will extract the
main features that may have a prominent eﬀect on e-book
prices. We ﬁrst apply the domain ontology to facilitate the
extraction of traditional features from well-known Chinese
book evaluation websites which are summarized by domain
experts. As Table 2 shows, there are 6 features extracted from
the electronic book ontology. Then, as a supplement, we give
some additional features by choosing some LDA topics. We
select 4 features in total from online review texts for e-books
in which two of them are supplements to the previous results
obtained by a domain ontology. We show some representative topic words and the four corresponding features
generated from LDA results in Table 3. Finally, by combining these features that we acquired together, we can give
an accurate and comprehensive feature set that may aﬀect
the price of e-books.
As can been seen in Tables 2 and 3, comparing the
features, we extract from domain ontology and LDA results.
The LDA results have the following two features in common
with the ontology results: e-book content and book packaging, while either of the two parts of results has some
features which the other one does not have. There are some
topic results which can be regarded as a general description
of the electronic book. They just describe a reader’s overall
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impression of the e-book. Actually, these topics should also
have an impact on e-book prices, but in this paper, we
cannot obtain any useful information for some speciﬁc
feature from the general description. As a result, we add the
“logistics quality” and “biography” to our results obtained
based on product ontology as the supplement, which are two
unique aspects we acquire by the LDA model. In this way, we
have the following eight dimensions of features that may
have signiﬁcant eﬀects on the prices of electronic books:
number of reviews, average ratings of reviews, paper book
prices, paper book pages, e-book content, logistics quality,
book packaging, and biography.
4.3. Aspect-Oriented Sentiment Analysis. In this section, we
carry out aspect-oriented sentiment analysis for electronic
books. For each review, we cluster the sentence segmentation related to the same aspect together. In this way, we can
analyze the sentiment polarity for each aspect respectively.
First, aspect-based sentence segmentation is a signiﬁcant
step of data processing. Next, the segmentation related to the
same aspect can be clustered together. In order to explain
this process clearly, we give a sample review from a popular
book “In the name of people” as follows and show the
process results in Table 4.
“In the beginning, I know the book from the TV series.
The novel has many diﬀerences from the TV drama. The
plot on TV was ups and downs, while the characters in the
book portrayed vividly and the suspense was exciting. The
author of the book, Zhou Meisen, born in 1956, was from
Xuzhou, Jiangsu. He is the member of the Seventh, Eighth
and Ninth National Committee of the Chinese Writers
Association, member of the Presidium, and a professional
writer. He has repeatedly won the National “Five One
Project” Award, the National Book Award, the National
Best-selling Book Award, and the National Outstanding
Novelist Award. Li Jingze, a member of the Chinese
Writers’ Association and secretary of the Secretariat, once
recommended this book as follows: literary creation does
need to face the general trend of the country and the
nation and draw strength from it. Therefore, the rise and
fall of a theme work, to a certain extent, itself reﬂects the
changes in the social age. What is called the main melody
is high, what is called to eﬀectively reﬂect the real life, “the
people’s name” reﬂects such a theme, it embodies the
people-centered creative direction.”
In this way, we have ﬁnished the aspect-related segmentation and regrouping process. We compute each feature word’s sentiment polarity and sum these values up to
obtain the aspect-related sentiment polarity for e-book
features. In the last, we carry out the calculation of the
sentiment score of each feature of the e-book.
4.4. Results’ Analysis and Further Discussion
4.4.1. Multiple Linear Regression Results. We will establish a
multiple linear regression model to determine the
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Table 1: Summary of the data.

No.
1
2
3
4
5
6
7
8
9

Data
E-book reviews
Book description
About the author
Celebrity recommendation
Paper book prices
Paper book pages
Number of reviews
Review ratings
E-book prices

Table 2: The features which may have eﬀects on e-book prices by
ontology.
No.
1
2
3
4
5
6

E-book feature
E-book content
Paper book prices
Paper book pages
Book packaging
Number of reviews
Average ratings of reviews

Type of corresponding data
Text data
Numerical data
Numerical data
Text data
Numerical data
Numerical data

relationships between electronic book prices and the features
we selected based on our methods. After the aspect-oriented
sentiment analysis process in the last section, the sentiment
polarities of the related aspects change to numerical values
so that we can use them to execute regression analysis.
Firstly, we regard e-book price as a dependent variable and
the features we extracted using domain ontology approach
as independent variables, which we labeled as regression
model I. Secondly, we explore the relationship between the
e-book price and aspect-related sentiment scores acquired
based on text feature sets and change the independent
variables into the sentiment scores of the related aspects we
obtain through the text mining approach, which is model II.
Thirdly, we treat the ontology feature sets and the text
feature sets together as independent variables and conduct
model III. In the last subsection, we will carry out a comparison of these three regression models.
4.4.2. Comparison of Three Regression Models. We show the
results of the three multiple linear regression models in
Table 5. In Table 5, 5(a), 5(b), and 5(c) represent the experimental results of the regression model I, model II, and
model III, respectively. By comparing the results of these
three models, it can be easily found that the experimental
results of model III are the best. Therefore, we choose model
III as our ﬁnal multiple regression model, which best reﬂects
the eﬀects of online data on electronic book prices. Compared with model I, model III has taken two important text
attributes-biography and logistics quality into consideration.
While in model II, there are some signiﬁcant traditional
features missing in dependent variables compared with
model III, such as paper book pages and paper book prices.
Therefore, model III is the most accurate regression model
and the result of this model is an enhancement to both
previous two models. The feature sets in model III consist of

Description
Customer reviews for the e-book
A brief description of the book
A brief introduction to the author
Some celebrities’ recommendation
Corresponding paper book prices
Corresponding paper edition pages
The number of customer reviews
Average rating of customer reviews
The selling prices of the e-books

Type of data
Text data
Text data
Text data
Text data
Numerical data
Numerical data
Numerical data
Numerical data
Numerical data

not only concepts based on the e-book ontology but also the
aspects selected from LDA topics. The ﬁnal multiple linear
regression results of our experiment are shown in Table 5(c).
As can be seen in Table 5(c), among all eight factors,
seven factors have signiﬁcant eﬀects on the price of e-books,
while logistics quality does not have a very signiﬁcant eﬀect
on e-book price because its signiﬁcance level is greater than
0.05. These seven aspects all have a positive correlation with
e-book prices. As the result shows, in terms of the impact on
e-book prices, paper book prices and paper book pages
corresponding to the e-book are the two most signiﬁcant
aspects. E-book content, average ratings of reviews, and the
number of reviews locate the third place to ﬁfth place, respectively. In comparison with these above aspects, biography and book packaging have the least impact on e-book
price. In addition, the impact of logistics quality on e-book
price is not signiﬁcant.
4.4.3. Further Discussion. From the results of the multiple
regression model, we can have access to see whether these
aspects we selected can have an impact on electronic book
price and their relative importance. Seven of the eight aspects we selected have a positive association with the e-book
price. However, the attribute of logistics quality is irrelevant
in terms of e-book price determinants.
In our results, paper book prices and paper book pages
corresponding to the e-book are proven to be two important
factors which electronic book merchants should consider in
deciding the selling price. When a manufacturer sets the
price of an e-book commercially, the price and number of
pages of the paper version of this e-book could be the two
most important reference factors. The price of paper books
should be regarded as the most important reference pricing
factor. In other words, for those e-books with a higher price
of related paper books and more pages, manufacturers can
consider setting a higher selling price when pricing them.
Conversely, the price of e-books should be set lower.
The third important aspect is e-book content, which
reﬂects the quality of e-books. In other words, if the content
of the e-book is more exciting, the price will be correspondingly higher. With the wisdom of big data text mining,
we can measure the inﬂuence of e-book content on its price
importance. For authors, if they can write better content,
their books will sell for a higher price. The reference for
manufacturers is that for those higher quality e-books, a
higher sales price can be set to earn more proﬁt. The e-book’s
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Table 3: LDA results.

No.
Topic
Topic
Topic
Topic
Topic
Topic
Topic
Topic
Topic
Topic

Topic words’ description
Speed, delivery, ship, logistics
Text, delicate, idea, illustration
Plot, characters, story, novel
Cover, version, font, set of books
Paper, package, printing, genuine
Recommend, suggest, collect, a good book
After reading, beautiful, satisﬁed, ﬁve-star review
Emotion, narration, realize, principle
Author, heart, life, experience
Chinese version, style, English version, background

0
1
2
3
4
5
6
7
8
9

Corresponding feature
Logistics quality
E-book content
E-book content
Book packaging
Book packaging
General description
General description
E-book content
Biography
E-book content

Table 4: Results of aspect-based segmentation.
Aspect
E-book
content
Biography

Regroup segmentations’ results
The plot on TV was ups and downs, while the characters in the book portrayed vividly, and the suspense was exciting.
What is called the main melody is high, what is called to eﬀectively reﬂect the real life, “the people’s name” reﬂects such a
theme. It embodies the people-centered creative direction.
He is a member of the seventh, eighth, and ninth national committee of the Chinese writers association, a member of the
Presidium, and a professional writer. He has repeatedly won the national “ﬁve one project” award, the national book
award, the national best-selling book award, and the national outstanding novelist award.

Table 5: The results of multiple linear regression models.
Model

Constant
X1 (number of reviews)
X2 (average ratings of reviews)
X3 (paper book prices)
X4 (paper book pages)
X5 (e-book content)
X6 (book packaging)
Constant
X1 (number of reviews)
X2 (average ratings of reviews)
X3 (e-book content)
X4 (logistics quality)
X5 (book packaging)
X6 (biography)
Constant
X1 (number of reviews)
X2 (average ratings of reviews)
X3 (paper book prices)
X4 (paper book pages)
X5 (e-book content)
X6 (logistics quality)
X7 (book packaging)
X8 (biography)

Unstandardized
Standardized coeﬃcients
coeﬃcients
B
Std. Error
Beta
(a) The results of regression model I
37.054
12.086
0.004
0.003
0.107
7.113
2.807
0.199
0.121
0.021
0.767
0.007
0.002
0.558
28.758
14.131
0.155
1.594
13.666
0.009
(b) The results of regression model II
48.638
13.789
0.005
0.003
0.143
8.992
3.266
0.252
31.108
16.186
0.168
13.183
52.108
0.022
2.028
15.823
0.011
8.499
17.225
0.045
(c) The results of regression model III
37.783
12.443
0.004
0.003
0.109
7.423
2.930
0.208
0.122
0.021
0.775
0.007
0.002
0.559
28.249
14.452
0.253
40.934
39.504
0.143
4.726
17.415
0.017
16.739
18.077
0.053

review ratings and the number of reviews are the fourth and
ﬁfth most important attributes for pricing strategies, respectively. This mainly demonstrates the important impact

t

Sig.

3.066
1.420
2.535
5.747
4.202
2.035
0.117

0.003
0.158
0.013
0.000
0.000
0.044
0.907

3.527
1.679
2.753
1.922
0.253
0.128
0.493

0.001
0.001
0.000
0.007
0.501
0.298
0.012

3.036
1.427
2.533
5.722
4.181
1.955
2.368
0.271
0.834

0.003
0.036
0.013
0.000
0.000
0.043
0.219
0.006
0.042

of the word-of-mouth eﬀect on consumer purchases and
merchant pricing. Besides, the eﬀect of biography and book
packaging on the experimental results is so weak that it can
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be ignored in the pricing strategy. The attribute of logistics
quality is not signiﬁcant in our experiment results, so it
cannot be regarded as a reference factor for e-book pricing.
This reason may be that most of the logistics quality in
customer reviews refers to the logistics and delivery of paper
books rather than a unique attribute of e-books.

5. Conclusions and Future Work
Our paper proposes a semantic text analytics approach to
mine the possible factors from online data which may have
eﬀects on the prices of electronic books. In the proposed
method, ontology-based product concepts and selected LDA
topics are combined together to constitute a comprehensive
feature set. The sentiment score for each social feature is
estimated by applying aspect-oriented sentiment analysis and
thus, we convert all text data into numeric data. Eventually,
the multiple regression model is established between the
sentiment scores of text features, traditional numeric features
of e-books, and the corresponding price. Empirical results
reveal that we accurately distinguish the eﬀects of selected
features on prices of e-books, which has some realistic references for customers, e-book ﬁrms, and industries.
Our research results show that paper book price and the
number of paper book pages corresponding to the e-book
are the two most signiﬁcant inﬂuencing factors aﬀecting the
price of e-books. Among the two, the paper book price has
the greatest eﬀect on the price of e-books, followed by the
number of paper book pages. The third most important
inﬂuencing factor that may have eﬀects on the e-book price
is the e-book content. This factor is the most essential feature
of the e-book and reﬂects the quality of a book. The average
ratings of consumer reviews and the number of reviews are
the fourth and ﬁfth most important attributes, respectively.
The biography and book packaging are the sixth and seventh
signiﬁcant factors, respectively. These two attributes have
relatively weak impacts on the selling price of e-books, which
can be ignored when discussing pricing strategies. In addition, the aspect of logistics quality is not signiﬁcant in the
multiple regression equation, so it has little impact on the
e-book price.
The results of this paper have certain business implications for the pricing strategies of e-book manufacturers
and the e-book industry. When pricing e-books, the two key
aspects of paper book prices and the number of paper book
pages are two major attributes that merchants should pay the
most attention to. The higher the price of the corresponding
paper book, or the larger number of paper book pages, the
corresponding e-book’s selling price should also be set
higher. What’s more, the three factors of e-book content,
e-book’s average review ratings, and the number of reviews
can also be referred to when considering e-book pricing, and
the impact of these three factors on the price is also positively
correlated. If the content of the e-book is more exciting, the
average review ratings are higher, or the number of customer
reviews is larger, the corresponding selling price of the
e-book should also be designed higher. The order of the
inﬂuence of these three factors is e-book content, e-book’s
average review ratings, and the number of reviews.

Mathematical Problems in Engineering
This paper is not without some limitations, which may be
potential problems for further consideration. First of all, it is
critically important that how to eﬀectively construct better
feature sets for each attribute. Secondly, our datasets are
from only Amazon.com. However, there are many other
e-book websites, such as Jingdong.com. Third, in our experiments, we use the same value (e.g., 1) for all of the
positive sentiments without diﬀerentiating the strength of
text sentiment, which may cause some errors in the ﬁnal
results. Future research could pay more attention to these
problems we raised to enhance experiments’ performance.

Data Availability
The e-book data used to support the ﬁndings of this study are
available from the corresponding author upon request.
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