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Abstract
In recent years, shopping habits have changed fast during the last decade and a high percentage of
consumers now shop online. Due to the impact of COVID-19, not only clothes and food, but also the
demand of cosmetics online purchases is growing. However, since the evaluation of cosmetic items
differs depending on the user’s skin type and preference, it is difficult to understand the feeling of a
cosmetic item on one’s own skin from others’ reviews. Many people prefer to buy cosmetic items only
after confirming the physical product. In this study, we developed a visualization system that enables
users to easily understand the features of cosmetic items by providing a visual representation of the
differences between the features of items they own and those they are considering purchasing. We are
also developing a cosmetic item recommendation system based on this visualization method. Finally, we
verify the validity of the developed visualization system, and report the results of evaluation experiments.
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1. Introduction

In recent years, there have been many sites on the Internet that provide information on products,
stores, etc., including not only photos and descriptions, but also reviews from purchasers [1]. As
our research target of this paper, many users use online shopping review sites (e.g., @cosme1)
when they considering to purchase cosmetic items.

The product page of a conventional cosmetics website includes the customer’s overall eval-
uation of the product and a review text, etc. In order to understand the detailed evaluation
of the product, users have to read the whole review textual information [2]. Therefore, in
the previous studies, an automatic scoring system for cosmetic product reviews by evaluation
item was developed for understanding detailed evaluations without reading the reviews [3]
[4]. These systems analyzed reviews of cosmetic items and automatically assigned a score for
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each evaluation item, such as moisture and color. However, the scores by evaluation item are
subjective to the purchaser, and it cannot be said that if a user purchases a cosmetic item after
seeing the score by evaluation item and actually uses it, she/he will feel that the score (feeling)
is same.

Therefore, this study aims to develop a system that visualizes the differences between items
that users have already purchased and items they are considering purchasing, as well as a
system that recommends ideal items to users using this visualization method. We describe
our cosmetic differences visualization system for beauty recommendation using the scores of
various evaluation items, and report on an evaluation experiment that verified the usefulness of
the proposed system.

The remainder of this paper is structured as follows. In Section 2, we discuss related works.
Afterward, in Section 3, we describe the proposed method for a visualized comparison of the
differences between cosmetic items based on their various aspects. Section 4 discusses the
results attitude survey questionnaire of beauty online shopping. Then, we introduce the user
interface of proposed system in Section 5. Section 6 discusses the experimental results. Finally,
in Section 7, we conclude this paper and discuss future works.

2. Related Works

An increasing number of websites provide reviews of products and shops [5]. Famous websites
such as Rakuten2, which lists various types of products, the restaurant-focused Tabelog3, and the
travel-focused Jarannet4 and so on. Specifically, the number of websites specializing in cosmetics
and beauty increases every year. One of the most popular sites is @cosme. The management of
cosme has stated that it had 6,100,000 members as of August 2020. Furthermore, e-commerce
sales were twice as high as the previous year due to the coronavirus disease pandemic 2019 [6].
Many consumers use cosme to search for cosmetic information.

With the increase in the number of review sites, the volume of research into product reviews
has increased [7]. Our previous research was aimed at developing a system that automatically
scores each evaluation item from the body of review text [3] [4] [8]. Automatic scoring requires
a separate dictionary for each category of cosmetics. As it is time-consuming to build such
dictionaries of all categories of evaluative expressions, Taniguchi et al. are working on a design
for automatically constructing a dictionary of evaluative expressions [9].

Kanayama et al. are working on a system that will extract remarks about product reputation
from an enormous database of information in a free question-and-answer format using unre-
stricted, descriptive sentences such as that provided by a questionnaire to uncover the essential
characteristics of the product and check the writer’s intention [10].

Yao and others conducted a survey to examine the impact of reviews on the purchasing
behavior of consumers [11]. To confirm which type of reviews can be trusted, they conducted
a hypothesis verification. The results of this process conflicted with their expectations, but a
variance analysis shows that reviews do have an impact on purchasing behavior.

2https://www.rakuten.co.jp
3https://tabelog.com/
4https://www.jalan.net



In addition, many researches on the visualization of reviews have been conducted. Fushimi
et al. have developed a method to visualize evaluation documents such as reviews of products
radially according to items such as the intention, topic, and evaluation viewpoint expressed by
the documents, and concentric circles according to the scores of products submitted with each
evaluation document, in order to intuitively grasp the overall image of product evaluation and
to improve accessibility to the evaluation documents [12].

Oziom et al. are developing a map display system for shopping lists to make it easier to
identify desired products and where they can be found when shopping for groceries [13]. This
system displays a map of the store on a smartphone screen with the icon of the product you
want to buy and its location. It lets the shopper know at a glance what items are still on their
shopping list and where to find them, which reduces shopping time.

Thus, studies on review analysis and review visualization have been conducted. However,
few studies have been conducted on the visualization of reviews of cosmetics sites. In addition,
many studies have analyzed reviews of a single product or restaurant, and there have been few
studies comparing reviews of one product to others [14] [15]. Especially in the case of cosmetic
items, many of them seem to be similar in color and texture just by appearance, and it is more
significant to show differences by comparing them with reviews of other items rather than
analyzing reviews of a single item.

3. Comparative Method based on Visualization

In this section, we describe our recommendation system and summarize the method used to
compare cosmetics based on the visualization of cosmetic characteristics.

3.1. Overview of the Comparative Method based on the Visualization of
Cosmetic Items

Figure 1: Concept of the proposed system.

Recently, consumers have begun to search for useful information from review sites, social
media, and YouTube before they buy cosmetic items. The photos and reviews provided through



these services are helpful to decision making but, because the perception of cosmetic items is
different for each user, the conventional method of accessing only basic information on the
Internet is not easy or suitable for buying cosmetic items (see Figure 1). The right side of Figure 1
summarizes our proposed method. Our system can compare the features of cosmetics that users
are thinking of buying with the user’s regular products. Thus, users can use the information
from the Internet to understand easily a feature of cosmetics that they are considering buying.

3.2. Calculation of the Score of Each Item using the Automatic Scoring System

Figure 2: Automatic scoring system.

In this section, we describe a system for assigning scores for various characteristics (aspects)
from cosmetic reviews; this has been outlined in our previous studies. We also explain how to
calculate the score for each aspect of an item, based on previous studies. Figure 2 shows our
scoring method for cosmetic reviews based on the evaluation expression dictionary. The system
analyzes the text of each cosmetics review and identifies expressions for evaluation that are
present in the review. Consequently, the system assigns a score to each expression according
to the dictionary. If there are several expressions for a particular aspect, the system gives the
average of the scores to the aspect (shown in Figure 2). For example, in Figure 2, there are two
expressions for “moisturizing aspect” in the review – our system gives the average score for
“moisturizing aspect.” Previous systems assigned a score to each expression in a review. This
paper describes how our system scores each item. Our proposed method calculates the average
of scores for each aspect for each product.

3.3. Visualizing Method based on the Differences between Owned Items and
Items under Consideration

In this section, we describe a visualization method based on a comparison of the features of
owned cosmetics and cosmetics under consideration. Figure 3 shows the concept of our system.



Figure 3: Visualizing system of differences between purchased items and items under consideration.

“Owned cosmetics” in Figure 3 are the cosmetic items that buyers have purchased and whose
features they are familiar with.

“Cosmetics of interest” in Figure 3 is the cosmetic item that they are considering for purchasing.
Our system use the automatic scoring method described in our previous study [3].

Our basic method, shown in the left side of the Figure 3, helps users be aware of the differences
between potential purchases and an owned cosmetic. However, our system also provides a
graph that helps a user visualize a more accurate picture of the differences, shown as a speech
balloon in Figure 3. The score of various aspects of “lipstick C” is set to zero, and each bar
shows the differences between the scores of “lipstick R” and “lipstick C”. For example, the score
of “Long-lasting” aspect is 1.2. It is the score of “lipstick R (3.2)” minus the score of “lipstick C
(2.0)”. If the score of “lipstick R” is higher than “lipstick C,” our system displays a red bar; if the
score is lower, our system shows a blue bar. Using our system, a user can see the differences
between their item and potential purchases at a glance. As users know their cosmetics well,
they can make an informed decision about the target items by viewing this graph.

3.4. Recommendation System of Cosmetic Items Based on the Input of the
Ideal Scores

In this section, we describe the concept behind our recommendation system of cosmetic items
based on the input of ideal scores. Figure 4 shows the basic concept of our system.

First, users set the desired characteristics of their cosmetic in the upper left side of Figure 4.
However, it is difficult to set ideal characteristics from scratch, so our system provides potential
aspects with the option “Choice from your cosmetics” in the figure. This action shows the list
of cosmetic items; then, users can select the item that they want to use as the base item for the
ideal scores. Then, the users can set the ideal scores by fine-tuning the scores.

As a result of the search based on the ideal scores determined by the user, our system
recommends suitable items for the user as shown in the upper right side of Figure 4. The



Figure 4: Recommendation system of cosmetic items based on the input of the ideal scores.

recommended items are displayed in the order of their cosine similarity between the values set
by the user and those of the selected item, as described in our previous study [3], in order of their
degree of similarity. In addition, clicking on the name of the recommended item takes the user
to the product details page, where a graph is displayed comparing the desired characteristics
and those for the selected item. While browsing the recommended items, the user can see these
differences. In this figure, the user finds that a slightly lighter and more matte lipstick than
the recommended item would be ideal; hence, the ideal scores of the corresponding evaluation
aspects are modified as shown in the lower left corner of Figure 4.

Even though a user may not understand the ideal item scores and finds it difficult to set their
ideal scores, the user’s true ideal scores can be determined interactively; the user can modify
the ideal scores as needed while browsing.

We are currently at the stage of implementing the recommendation system as described
here. When the user clicks on a product name, the system goes to a web page with detailed
information for the chosen lipstick and displays the comparison graph shown in Figure 3.



4. A QUESTIONNAIRE TO SURVEY THE IMPORTANT ASPECTS
OF COSMETIC ITEMS

4.1. Survey Purpose

In order to determine which item is the most ideal using the system introduced in Section
3, information such as color development and product description is necessary in addition
to the comparison graph. In conventional systems, such information is often provided on
the product detail page. In the proposed system, we have tried to make it easier to compare
cosmetics by adding information for each item to the search result list page, as shown in Figure
5. Therefore, we conducted following questionnaire to understand what information users value
when searching for cosmetics on the Internet.

Figure 5: Lipstick ranking screen for survey.

4.2. Survey Details

Google Form was used to create this survey. The questions are as follows:

Q1 Age

Q2 Frequency of using cosmetics review sites

Q3 Information you would like to see in the blue portion of Figure 5

where the Q2 has four choices, “Usually,” “Sometimes,” “Seldom,” and “Never.” For Q3, we
asked respondents to select two of “product description,” “manufacturer,” “number of color
variations,” “names of colors,” “release date,” “number of reviews,” and “others.” We obtained
185 responses on the survey in one week.



Table 1
[By age group] Information requested in the blue box as shown in Figure 5 by participants.

All Teens 20s 30s 40s 50s

Product description 60.5% 35.3% 61.5% 58.3% 71.0% 53.6%
Manufacturer 43.2% 52.9% 20.5% 47.2% 45.2% 60.7%
Number of color variations 17.3% 35.3% 12.8% 13.9% 14.5% 25.0%
Names of colors 38.9% 35.3% 41.0% 36.1% 33.9% 46.4%
Release date 5.4% 0.0% 5.1% 2.8% 6.5% 10.7%
Number of reviews 38.9% 52.9% 46.2% 50.0% 33.9% 21.4%
Other 9.2% 11.8% 12.8% 5.6% 8.1% 10.7%

4.3. Survey Results and Consideration

Figure 6: Frequency of using cosmetics review sites.

We had 185 respondents with 17 in their teens, 39 in their 20s, 36 in their 30s, 62 in their 40s,
28 in their 50s, and 3 in their 60s and older. As there were very few responses from people 60
years and older, the results of the survey for only those aged by 59 are discussed.

Figure 6 shows frequency of use of cosmetics review sites, the results of Q2. According to
these results, more than half of the respondents in their teens, 20s, and 30s use cosmetic review
sites “Usually” or “Sometimes.” People in their 40s are also familiar with cosmetic review sites,
because the percentage for those in their 40s is somewhat high, 44%. In addition, Figure 6 also
shows that the percentage of the respondents in their 50s who answered “Never” is extremely
high. We can say that most of those in their 50s do not research cosmetics on online review sites.
The percentage of respondents in their teens who answered “Never” is slightly high because
some teenagers have not yet started using make-up.

Table 1 shows the results of Q3 by age group, and Table 2 shows the results by frequency of



Table 2
[By the frequency of using review sites] Information requested in the blue box as shown in Figure 5 by
participants.

Usually Sometimes Seldom Never

Product description 56.0% 63.4% 69.8% 44.4%
Manufacturer 32.0% 46.5% 41.5% 47.2%
Number of color variations 12.0% 19.7% 17.0% 16.7%
Names of colors 40.0% 35.2% 43.4% 38.9%
Release date 0.0% 7.0% 3.8% 8.3%
Number of reviews 64.0% 43.7% 32.1% 22.2%
Other 8.0% 8.5% 9.4% 11.1%

use of cosmetic review sites. Both tables show that the product description is quite important
and that the release date is less important. According to Table 1, the percentages of respondents
who chose “Manufacturer” in their teens and 50s are quite high. Figure 6 indicates that the
number of respondents in their teens and 50s who replied “Never” for using review sites is high.
We can conclude that people who are not familiar with review sites focus on the manufacturer
when they are looking for cosmetics.

Table 1 also shows that the percentages of respondents who wanted to see “Number of
reviews” are higher in their teens, 20s and 30s than others. According to Table 2, respondents
who often use cosmetic review sites consider “The number of reviews” to be important. Figure
6 shows that more than half of the respondents in their teens and 20s referred to review sites.
Thus, the results of the number of reviews in Table 1 agree with those in Table 2. In addition,
we note that the percentage of respondents who want to see “A number of color variations” or
“The names of colors” is not high, though we expected color information to be important in
choosing lipstick. It is likely that many people want to see the color rather than read about it.

Based on these results, we decided to provide “Manufacturer”, “Product description”, “Number
of reviews”, “Representative color images”, and “Total number of colors” on the search results
list page in Figure 5.

5. System Implementation

In this section, we describe our proposed understanding support and recommendation system
for unknown cosmetic items, which was developed based on the method proposed as described
in Section 3 and the questionnaire survey as described in Section 4. The system screen is shown
in Figure 7. The lipstick data was provided by istyle Inc5.

The method for setting the ideal score is described in Section 3.4. Items to be used as criteria
for the ideal score can be searched by brand name, product name, or both. After setting the ideal
score, users can click on the “View lipsticks that match the characteristics” button to see the
recommended items. The page displaying recommended items includes product descriptions
and representative colors to make it easier to compare items without moving to the detail page.
Furthermore, by clicking on the name of the recommended lipstick, the user can move to the

5https://www.istyle.co.jp/



Figure 7: Cosmetics recommendation system screen.

detail page and view the difference comparison graph shown at the bottom of Figure 7, where
the differences between the ideal score and the selected lipstick can be confirmed (See Section
3.3).

Figure 8: Questionnaire results: Comparison with existing system (by the frequency of using review
sites).

6. Evaluation

6.1. Experimental Objectives and Methods

The proposed system has been developed with the goal of enabling users to search and view
information more tailored to their preferences than conventional systems and to fully understand
unknown cosmetics online. Therefore, in the evaluation experiment, we compare and evaluate
the existing system and the proposed system to verify the usefulness of the proposed system.

First, subjects are asked to use the existing conventional system for 5 minutes to search for
lipstick. Next, they are asked to use the proposed system until they find the “ideal lipstick that
they would like to purchase and use”. At that time, the time spent using the proposed system
and the number of searches are measured. After they found their ideal lipstick, they were asked
to answer the questionnaire shown in Figure 9 and 10. The questionnaire items were adapted
from the questionnaire used in the study of Ookawara et al. [16]. In addition, we also asked
respondents to indicate how often they use cosmetics review sites.



Figure 9: Questionnaire results: Comparison with existing system (all subjects).

A total of 45 subjects, ranging in age from teens to 50s, participated in the survey. The site
for the evaluation experiment was constructed, and the subjects were asked to conduct the
experiment at a time and date of their choice during a one-week period.

6.2. Experimental Results and Discussion

The results of the comparison between the proposed system and the existing system are shown
in Figure 8 and Figure 9, and the evaluation results of the proposed system are shown in Figure
10 and Figure 11. Figure 8 and Figure 11 show the average rating for each question, which was
calculated by assigning a rating value between +2 and -2 to each of the choices.

First, the results of the comparison with the existing system were analyzed. From Figure 9, it is
clear that, more respondents answered that the proposed system is better overall. The proposed
system is easier to search for their own preferences and to understand unknown cosmetics
than the existing system. Moreover, figure 8 also shows the superiority of the proposed system,
however, people who never use the review site had a lower average evaluation value than the
other respondents.

Next, we analyzed the results of the evaluation of the proposed system. From Figure 10, the
results show that most of the respondents enjoyed understanding how to use the proposed
system and would like to use it again. In addition, it is clear that many people did not feel
stressed about the time spent on using or exploring the system.

Furthermore, Figure 11 shows that more frequent users of the review sites rated the proposed
system higher. Also, the average evaluation value of “Setting the ideal score is easy” for those



Figure 10: Questionnaire results: Evaluation of the proposed system (all subjects).

Figure 11: Questionnaire results: Evaluation of proposed system (by frequency of using review sites).

who “never use” the review sites was close to “0”, indicating that setting the ideal score was not
easy for review site novices.

Therefore, we extracted opinions about the setting of the ideal score from the free descriptions
to investigate the issues. The issues included: “Some ideal score items are difficult for beginners
to understand”, “Insufficient selection method of items to be used as criteria for ideal score”,
and “Little information on the slide bar”. We discovered that these issues need to be improved
in the future, to make the setting of the ideal score easier for everyone.

Based on the results of the above questionnaire and free descriptions, the good points and
improvement of the proposed system are summarized as follows:
[Good points]

* Providing visual ideal score manipulation and difference comparison graphs
* Personalized search by ideal score for each evaluation item
* Lipsticks currently in use can be set as a criterion for ideal score
* Easier product comparisons
* Providing opportunities to discover unknown brands and products



[Improvements]

* Improvements to the ideal score setting UI to make it easier for beginners to use
* Adding the function of specifying the evaluation items to be emphasized
* Functions to enable exploration of cosmetics by image or abbreviation of criteria cosmetic
* Adding search options such as color, price, etc.

Thus, we confirmed that the proposed system enables user-tailored search and information
presentation, which is useful for searching and understanding unknown cosmetics. Compared
to the existing method, the proposed visualization method such as a sliding bar and graph
comparing differences when setting the ideal score are more intuitive and easier to understand.
In the future, we plan to improve the proposed system based on the improvements we have
received, aiming to make the system more user-friendly for everyone.

7. Conclusion and Future Works

In this paper, we proposed a cosmetic differences visualization system for beauty recommenda-
tion using the scores of various evaluation items. We confirmed that using our proposed system
enables the conversion of other people’s evaluations into user-specific evaluations, making it
easier to understand the characteristics of the unknown cosmetic items. Moreover, we also
proposed a cosmetic item recommendation method based on the input of ideal scores using a
visualization method of differences between cosmetic items. Even when users themselves do
not understand the characteristics of ideal items and do not know how to search for them, our
system can help users find their real ideal cosmetics because they can intuitively approach the
characteristics of their ideal items.

From the evaluation experiments, we confirmed that the proposed system can provide user-
tailored search and information presentation, and it is effective in exploring and understanding
unknown cosmetics. In the future, we plan to reflect the improvements obtained from the
evaluation experiments in the proposed system and to improve the accuracy of recommendations
by improving the evaluation expression dictionary.
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