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Abstract. Most of the user-preferred products on
e-commerce websites are accompanied by a massive
number of product reviews and manually analyzing each
review to understand the features and the user opinions
associated with the products is an inconceivable task.
A single domain of products can contain thousands
of different products and an equally significant number
of associated product features/aspects, thereby making
the polarity of the sentiment words in the product
reviews vary widely according to the aspect with which
they are associated. The paper uses the Chi-square
Test statistical measure to automatically calculate the
aspect-based polarity of sentiment words in a given
domain. The results of the method are tested on two
different domains. The experimental results show that
the method delivers an accuracy of more than 75% in
both domains. The method also helps in discovering
strong domain-specific polar adjectives that might be
missing in universal sentiment lexicons.

Keywords. Aspect/feature words, sentiment words,
polar words, universal sentiment lexicon, chi-square test.

1 Introduction

In this age of e-businesses where more and more
people are turning towards e-commerce websites
to fulfill their day-to-day needs, writing and sharing
of product reviews has become an imperative part
of our online transactions.

User reviews help the users to share with other
users their views and experiences about various
products, in turn benefiting other prospective
buyers of such products.

Also, user reviews are written by users of the
products rather than the brands and hence are
considered more credible and trustworthy by other
users [17, 27].

Moreover, since these user reviews are publicly
shared, companies too have to make an effort to
deliver better quality products and services to the
users to avoid negative publicity.

User reviews also help e-commerce websites
understand the various features of different
products and their quality, thereby helping them
make an informed choice about the products
displayed and recommended to their customers.

Every product on e-commerce websites is
accompanied by a massive number of reviews and
manually reading every review to understand the
features and sentiments associated with them is an
almost impossible task.

Hence, companies take the help of sentiment
analysis techniques to make sense from such
reviews and understand the features and the
sentiments expressed.

Sentiment Analysis (SA) techniques automate
and help us identify, analyze and summarize
the features and the corresponding sentiments
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Algorithm 1 Identifying the aspect-based polarity
of sentiment words using Chi-square test
Input: 1) Domain Specific Corpus Tagged with POS.

2) Feature words identified.
Output: Sentiment-Feature pairs
1: for Each feature word F in the corpus do
2: for Each sentiment word S associated with F do
3: T:=Total Count (SF )
4: P:=Count of (SF in Positive Reviews)
5: N:=Count of (SF in Negative Reviews)
6: Expected Count:= T/2
7: if Expected Count > 5 then
8: Chi2(SF ) = (((P − ExpectedCount)2+
9: (N − ExpectedCount)2)/ExpectedCount)

10: if Chi2(SF ) > Threshold then
11: if (P −N) > 0 then
12: Polarity(SF ) = Positive
13: else
14: Polarity(SF ) = Negative

15: else
16: Continue to next SF

17: else
18: Continue to next SF

Table 1. Domain Wise correctly retrieved pairs

Positive Negative

Grocery 286 52

Cell phones its
related accessories

268 55

associated with the features in the massive
amountof textual content that is available to the
users on the Internet [19, 20]. Traditional SA
techniques focus on the use of universal sentiment
lexicons [11, 14] to understand the polarity of the
sentiment words extracted.

Universal sentiment lexicons are basically
compilations of sentiment words divided into
positive, negative, and neutral categories which
help to identify the polarity of the sentiment words
that have the same or universal polarity across all
domains [13].

Some examples of such words are good, bad,
great, worst, which irrespective of the domain
being used will always convey the exact same
polarity assigned to them by the sentiment lexicon.
But the traditional methods fail to identify the
correct polarity of the sentiment words where the
polarity is dependent on the domain being used.

A classic example of such a word is
unpredictable, where the word is proven to have a
positive polarity in the movie domain but negative
polarity in the car domain [22]. As a result, many
approaches to SA have been proposed by taking
into account the domain-dependent polarity of the
sentiment words.

But in the real world, the polarity of the sentiment
words may differ even within the same domain
with respect to the feature word with which it is
associated. For instance, if we take the food
domain, the word ‘cold’ is interpreted as positive
when we say ‘the milkshake is cold’ but when
we say ‘the tea served is cold’ the same word
expressed may get assigned a negative polarity.

Hence, there is a need to identify the aspect
or feature-based polarity of the sentiment words.
In this research paper, we use the terms product
features and product aspects alternatively, and
they both mean the same.

The research experiment demonstrated in this
paper is inspired from [22], which attempts to
detect the domain-specific polarity of sentiment
words, but fails to look at the change in sentiments
at the granularity of aspects.

Our research attempts to calculate the polarity
of sentiment words at the granularity of aspects
within the context of the same domain. The
proposed work attempts to find the aspects and the
aspect-based polarity of sentiment words in user
reviews without the use of a sentiment lexicon.

The first part of the paper deals with extracting
the feature words occurring in user reviews. Nouns
are the words that usually contribute to feature
words in user reviews. But many times, other
non-feature nouns too can occur in that dataset
which may not be a part of the feature nouns set.

Hence in order to extract distinguishing feature
nouns from non-feature nouns, we proceed with
an assumption that feature nouns occur in close
proximity to sentiment words [8].

As a result, we consider only the nouns that
are associated with a sentiment word as feature
nouns. The second part of the study deals with
finding the sentiment words and the aspect-based
polarity of those sentiment words associated with
the aspects. Sentiment words usually occur as
adjectives in the dataset.
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Hence, we extract all the identified feature nouns
and their corresponding adjectives. Chi-square
Test statistical measure [23] is employed to
calculate the polarity of adjectives with respect to
the corresponding aspects.

The Chi-square test basically looks at the
difference in the expected and observed
occurrence frequencies of the sentiment word
in association with a particular feature word in
positive and negative reviews.

We proceed with the assumption that features
are uniformly distributed across positive and
negative reviews in a dataset. These features will
have associated sentiment words with them.

If a sentiment word can have both positive or
negative polarities, without having any background
knowledge about the distribution of the word, we
must expect a sentiment word in association with a
feature word to occur in both positive and negative
reviews uniformly.

Instead, if a sentiment word in association with a
feature word has a tendency to occur significantly
in any one category of reviews, we can consider
that sentiment word to be polar with respect to
that particular feature, and we can assign the
corresponding polarity to the sentiment word.

But in some cases, the sentiment word with
respect to a feature word may occur in any one
category just by chance and the frequency of
occurrence may not be sufficient to safely tag the
sentiment word with respect to a feature word as
polar with the corresponding polarity.

Hence, we use the Chi-square test to take into
account this magnitude of the difference in the
occurrence frequencies of sentiment word - feature
noun (sentiment-feature) pairs and reject the ones
with non justifiable differences with the help of
a threshold.

If the word satisfies the Chi-square test, it
indicates that there is a significant difference
between the expected and observed count of
the word in the positive and negative reviews
with respect to the feature and we can assign a
aspect-based polarity to this particular word.

The remainder of the paper is organized as
follows. Section 2 describes the related work
studied. Section 3 is titled proposed methodology
and explains the adaptation of the Chi-square test

Table 2. Examples of Sentiment-Feature pairs retrieved
from grocery domain

Sentiment Feature Polarity
Positive

affordable price Positive
excellent flavor Positive
great quality Positive

Negative
high price Negative
artificial flavor Negative
low quality Negative

Table 3. Examples of Sentiment-Feature pairs retrieved
from cell phones and its related accessories domain

Sentiment Feature Polarity
Positive

amazing phone Positive
big screen Positive
durable case Positive

Negative
cheap phone Negative
broken screen Negative
bad case Negative

to calculate the aspect-based polarity of sentiment
words for a specific domain. Section 4 explains the
implementation details and the datasets used and
Section 5 elaborates on the experimental details.
Section 6 presents the results and discussions,
and finally, Section 7 states the conclusion.

2 Related Work

Various techniques have been employed in the
literature to compute the polarity of sentiment
words according to the context of the domain or
associated features.

[12] discusses a probabilistic rating framework
that calculates the sentiment orientations (SO)
and strength of the opinion words using a
relative-frequency-based method.
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Table 4. Domain-wise Accuracy obtained using the
Chi-Square Test

Grocery Cell phones

Accuracy 78.78% 75.64%

Table 5. Sentiment words changing their polarities
within the same domain according to the associated
features (Grocery and Cell phones & its related
accessories domain)

Sentiment Feature Polarity
Grocery domain

few
calories positive
pieces negative

high
quality positive
price negative

little
oil positive

pieces negative

low
price positive

quality negative
Cell Phones and its related accessories domain

cheap
protector positive
quality negative

extra
protection positive

money negative

high
speed positive
price negative

more
space positive
money negative

The method allows semantically similar words
to have different SO, thereby overcoming the
limitations of a traditional SA.

The method further extends as a rating inference
model and transforms user preferences expressed
as unstructured, natural language texts into scalar
ratings that can be used to perform Collaborative
Filtering (CF) tasks.

[6] proposes to convert unstructured reviews
into rich product descriptions and then uses
the generated product descriptions to build a
recommender system.

The work presents a recommendation ranking
strategy that combines similarity and sentiment
words to suggest products that are similar or

better than the requirements of the user according
to the opinion of reviewers for a particular
product. [9] describes how product features can be
automatically mined from the user reviews and how
these features can be aggregated at the product
level to product cases.

Next, the work explains how these product
features can be associated with sentiment
information to reflect the opinions of reviewers,
whether positive, negative, or neutral.

In continuation to this work, [7] explores
the use of clustering techniques to identify
common features that might be treated as
independent features using any other standard
opinion mining approach.

[22] applies the Chi-square test statistical
measure to detect the polarity of the sentiment
words based on the difference in their counts in the
positive and negative reviews. The work addresses
the polarity difference of words at the domain level
but does not attempt to study the polarity change
that might be visible at the feature level.

[16] proposes a method to automatically
build context-sensitive, domain-specific sentiment
lexicons using user ratings as emotional signals.
The paper takes into account the change in polarity
of sentiment words with respect to the associated
features to assign a score to each sentiment
word, which helps to find the intensity and the
polarity of the sentiment word with respect to that
particular feature.

But the work fails to filter out the words that
might be occurring in either of the categories just
by chance and there might not be any significant
differences in their occurrences in positive and
negative reviews.

[1] presents a comparative study of various
feature extraction methods used in literature to
extract features from user reviews. [2] proposes
a method to extract the aspect-based nouns from
the literature survey using a method based on the
Latent Dirichlet Algorithm (LDA) [3].

The paper also proposes a method to find
the polarity of sentiment words based on their
occurrences in reviews of different polarities.
The polarity of the sentiments calculated is
domain-specific and not aspect-based.
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[5] proposes a method to extract implicit aspects
from opinionated documents using Conditional
Random Fields [26].

3 Proposed Methodology

The proposed work attempts to find the aspects
and the aspect-based polarity of sentiment
words in user reviews without the use of a
sentiment lexicon.

We first attempt to extract the aspects from the
user reviews, and then we attempt to find the
associated sentiment words and the aspect-based
polarity of those sentiment words using the
Chi-square test statistical measure.

We POS tag [24, 25] the reviews and consider
only nouns as the part of speech that contribute
to product features. But not all nouns can
contribute to product features, and we consider
only the nouns that occur in close association with
adjectives as feature nouns.

The assumption is based on the observation that
since the person is interested in describing his/her
experience with using a particular product or its
feature, he/she will be expressing their sentiments
about a product or a feature in the reviews; making
use of adjectives.

But other randomly occurring nouns will not
have such sentiment words associated with
them. Hence, we consider only those nouns
accompanied by adjectives as feature nouns. For
example, if we have a sentence from the cell
phones domain:

My friend advised me to buy this awesome
mobile because it has this stunning look and
attractive features [1]. POS tagging of the above
sentence would give us:

My PRP friend NN advised VBD me PRP
to TO buy VB this DT awesome JJ mobile NN
because IN it PRP has VBZ this DT stunning JJ
look NN and CC attractive JJ features NNS

The nouns occurring in the above sentence are
friend, mobile, look, and features. Out of these, the
nouns we would be interested in are look, mobile
and features since they belong to the domain of
cell phones.

Table 6. Number of strong polar words obtained in the
Grocery and Cell phones & related accessories domains

Strong Positive Strong Negative

Grocery 92 18

Cell phones
related accessories

64 10

Table 7. Kappa Score for inter-rater agreement

Domain Grocery
Cell phones and its

related accessories

Cohen’s Kappa
Coefficient

0.5679 0.5205

As seen, the nouns mobile, look and features
have some adjectives associated with them since
the users want to express their opinions about the
features but the noun friend does not have any
adjectives associated with it.

As it is not a feature related to mobile phones,
the user is not interested in expressing an opinion
on it in a review post. We also filter out the
randomly occurring feature nouns that occur very
sparsely in the dataset by considering only the
nouns that appear above a particular threshold.

We divide the reviews into positive and negative
categories based on the number of star rating
associated with the review text. For negative
reviews, we consider all the reviews with a rating
of 1 star, as 1 star is the minimum rating that could
be given on Amazon e-commerce website. For
positive reviews, we consider all the reviews having
a 5 star rating.

Next, we consider the adjectives occurring
with the feature nouns as the sentiment word
associated with that particular feature.

We extract all such sentiment-feature pairs which
are required for our further computations.

We proceed with a null hypothesis that; if an
adjective is neutral with respect to a feature and
doesn’t have any positive or negative sentiment
associated with it, then it should occur an
almost equal number of times in association
with that particular feature word in positive and
negative reviews.
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Fig. 1. Intersection of the strong positive sentiments words from the grocery domain with the Bing Liu sentiment
Lexicon (Positive)

An example of such a sentiment- feature pair is
front camera; although front is an adjective, there
is no sentiment associated with it and the pair will
occur uniformly in positive and negative reviews
with corresponding positive or negative adjectives.

If we observe that a particular sentiment- feature
pair occur significantly more number of times in
a particular category of reviews than the other
category of reviews, we reject the null hypothesis
and label the sentiment word as polar with respect
to that feature word according to the category of
reviews it is majorly occurring in.

For example, the sentiment-feature pair
awesome camera will most probably occur
majorly in positive reviews than in the negative
reviews, so we can consider the word awesome
positive with respect to the feature camera.

But there may also be some sentiment-feature
pairs which may occur in any one of the categories
just by chance and may not be real representation
of their polarity.

We use Chi-square test statistical measure to
find out if an adjective word actually has a tendency
of leaning towards a particular sentiment category
than the other with respect to a particular feature.

Chi-square test also helps us in deciding
whether the occurrence of a particular word with a
particular feature in a particular category of reviews
is significant or are we seeing it by chance.

If a word is categorised as significant by
Chi-square test by resulting in a Chi-square value
that is more than the threshold set by us, we can
safely state that the occurrence of the word in a
particular category of reviews is not by chance,
but because of the domain specific polarity of
the adjective with respect to a particular feature,
which makes the word more frequent in one of the
positive or negative categories of reviews.

4 Implementation Details and
Datasets Used

The experiment is implemented using Python
Programming Language [21]. The text processing
tasks are carried out using the Natural Language
Toolkit (NLTK) Library[15].

The dataset used by us is a collection of reviews
from Amazon.com [10, 18]. We test our experiment
on 2 distinct domains of data namely, Grocery and
Cell Phones & its related accessories.
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Fig. 2. Intersection of the strong negative sentiments words from the grocery domain with the Bing Liu sentiment
Lexicon (Negative)

5 Experimentation Details

The two domains considered for experimentation
in our study are 1) Grocery and 2) Cell Phones
and its related accessories. We have considered
10,000 reviews in each of these domains, which
are further divided into 5,000 positive reviews and
5,000 negative reviews.

To extract the feature words, we extract all
the nouns that are associated with adjectives
conveying positive or negative sentiment.

We use the universal sentiment lexicon
published by Bing Liu [11, 14] to identify if
the adjective with which the feature noun is
associated is a sentiment word or not.

Universal sentiment lexicons only contain
the sentiment words which are strongly polar,
independent of the domain being used in.

The purpose of this step is only to identify feature
nouns from the non feature nouns based on our
observation that feature nouns will mostly have
sentiment words associated with them to describe
the users’ opinion.

We do not need to consider the polarity of the
sentiment words for this.

As a result, use of a universal sentiment lexicon
is sufficient at this stage to identify feature nouns
that are associated with strong polar words.

Next, we sort these feature nouns in the
decreasing order of their occurrence frequency
and keep only those that have their occurrence
frequency above a particular threshold.

We select the threshold as 5 in our experiment,
since experimentally we observe that features
occurring less than 5 times are mostly randomly
occurring features and do not add any value to
our results.

Next, we take every identified feature word and
find all the adjective words associated with it. We
call these pairs sentiment-feature pairs.

We calculate the Chi-square value of every
sentiment-feature pair by taking into account the
expected count and the actual observed count
of the sentiment word with respect to a feature
in positive and negative reviews. Algorithm 1
summarizes the process.

We request two human annotators to evaluate
the results obtained through our experiment. Next,
we use Cohen’s Kappa inter-rater agreement
[4] to validate the evaluation done by both the
judges independently.
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Fig. 3. Intersection of the strong positive sentiments words from the cell phones and related accessories domain with
the Bing Liu sentiment Lexicon (Positive)

6 Results and Discussions

As shown in Table 1, using the proposed
method we obtain 286 and 52 sentiment-feature
pairs correctly classified as positive and negative
respectively for the grocery domain.

Cell phones and its related accessories domain
gave us 268 and 55 positive and negative
sentiment-feature pairs respectively.

We can see that the number of sentiment-feature
pairs expressing positive sentiments is higher than
the sentiment-feature pairs expressing negative
sentiments for both the domains.

We finalize the Chi-square test threshold value
as 1.07 after experimentation, as we observe that a
smaller value wrongly categorizes too many values
as polar and a higher value significantly categorize
polar words as non-polar, thereby affecting the
recall of the system and missing out on important
sentiment-feature pairs.

We observe that with a threshold of 1.07,
we were even able to classify boundary words;
words that do not have a great amount of
difference in their distribution in positive and
negative documents but are still significant.

Table 2 and Table 3 show some of the pairs
retrieved for the grocery and cell phones & its
related accessories domain respectively using the
Chi-square test. The accuracy of the results
obtained is 78.78% and 75.64% for the grocery and
cell phones domain respectively.

Table 4 summarizes these results. Grocery
domain is generally easier to understand than
cell phones domain which may have a lot of
technical terminology.

As a result, people find it easier to write the
reviews for grocery and also for the annotators
in our experiment, it was easy to understand the
sentiment-feature pairs.

Table 5 lists some of the words that displayed
opposite polarities according to the features being
associated with in the same domain, and hence
it proves our initial premise that the polarity of
sentiment words may even change within the
same domain with respect to the associated
feature words.

We also made a list of words that always show
a particular polarity in the domain irrespective of
the feature with which they are associated. We call
these words strong domain-specific polar words.

Computación y Sistemas, Vol. 27, No. 2, 2023, pp. 389–399
doi: 10.13053/CyS-27-2-4397

Pradnya Bhagat, Pratik D. Korkankar, Jyoti D. Pawar396

ISSN 2007-9737



Table 6 shows us the number of strong polar
words obtained for both the domains. As we
can see, for the grocery domain, we encountered
around 92 positive and 18 negative polarity words
that did not change their polarities irrespective of
the feature with which they were associated.

When compared with the Bing Liu universal
lexicon, we obtained around 28 words that were
strongly positive in the grocery domain but were
missing from the universal sentiment lexicon.

Some of the examples of these words include
Almond, balsamic, Chinese, coconut, creamy,
daily, dark, deep, digestive, entire, extra, french,
full, goji, green, hemp, Himalayan, instant, Light,
local, mild, mixed, natural, nutritional, nutty,
olive, orange, organic, plain, quick, raw, regular,
resealable, etc. We see that, these are the
words people usually prefer in connection with the
food/grocery items.

Similarly, we obtained around 18 strong negative
adjectives in the grocery domain out of which
around 8 were not present in the Bing Liu universal
sentiment lexicon. Some of the examples include
artificial, chemical, metallic, plastic, etc.

The word artificial when used in the food
or grocery domain is bound to derive negative
polarity. People hardly speak positively about
artificial colors/artificial flavors.

But the word need not be negative in
other domains. As a result, the word is absent from
the universal sentiment lexicon.

We received around 64 words in the Cell Phones
domain that showed positive polarity irrespective of
the feature being used with and 10 negative words
that always showed a negative polarity irrespective
of the feature being used with.

We compared the results with the Bing Liu
sentiment lexicon and we did find strong positive
words in the cell phones & related accessories
domain that were missing from the universal
sentiment lexicon; some of these words include
Android, ballistic, black, blue,expensive, extended,
external, larger, light, little, long, magnetic, pink.

All the strong negative words discovered in the
cell phone domain using the Chi-square test were
a part of the Bing Liu sentiment lexicon too.

The accuracy of the annotation is verified with
the help of Cohen’s Kappa inter-rater agreement.

Table 7 shows the inter-rater agreement achieved
on analyzing the annotations done by 2 human
judges independently.

Since, the Kappa score value is more than 0.5
in both cases we can conclude that, there is
an agreement between the annotations given by
both the judges, and hence the judging done is
considered as valid.

7 Conclusion

The research work attempts to calculate the
domain-specific sentiments of the adjectives with
respect to the corresponding features/aspects in
user reviews.

The experiment is tested on two different
domains and the results show that the method
is able to calculate the polarity of unique
sentiment-feature pairs with an accuracy of more
than 75% in both the domains tested.

The method was also able to find strong
domain-specific polar words that were missing
from the universal sentiment lexicons.

We were even able to identify sentiment
words that changed their polarity based on the
feature words associated with them within the
same domain.

The future work consists of conducting a
live user trial by providing the sentiment-feature
pairs generated using the proposed method
as recommendations to the users while writing
reviews for products in a particular domain.

This can help us measure the difference
between the quality of reviews written without any
assistance and the reviews written with the help
of recommendations. The work can even be
extended to generate structured summaries from
user reviews for different products.
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