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Abstract: In recent years, the number of cosmetic review sites, users, and prod-

ucts posted have been increasing year by year. For example, when a user searches

for skin lotions using @cosme website, she reads reviews written by users who

have similar attributes to herself (age, skin quality, etc.) and searches for items

that are compatible with the skin lotion that she uses on daily basis. However,

since different basic cosmetics may have different effects, it is difficult to find prod-

ucts that are compatible with a user even using the review information in @cosme

website. In this study, we assume that the compatibility between a user and a

basic cosmetic product depends on its cosmetic ingredients. Using review infor-

mation of @cosme website and ingredient information of Bihada-Mania website,

we extracted a valid cosmetic ingredient for each user attribute and developed a

recommender system of basic cosmetics based on ingredients.
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1 Introduction

In recent years, web services have been become pop-
ular in our daily lives, and many consumers refer to
user reviews of products when considering purchases.
Kakaku.com1, Minna-no-Cinema2, and @cosme3 are
popular major product review sites, focused on home
electronics, movies, and cosmetics, respectively. The
number of cosmetic review sites, users, and products
posted have been increasing year by year. For exam-
ple, when a user searches for skin lotions using the
@cosme website, she reads reviews of users who have
similar attributes to her own (age, skin quality, etc.)
and searches for items that are compatible with the
skin lotion that she uses on a daily basis. A user
who feels she has dry skin looks for a skin lotion with
a high moisture effect. A user who is interested in
skin whitening selects products with many reviews
that argue they are effective for whitening. However,
since different basic cosmetics may have different ef-
fects, it is difficult to find products that are compat-
ible with a user, even using the review information
from @cosme. Conventionally, the recommendation
services of review sites are mainly based on collabo-
rative filtering [2, 8]. They are built on recommender
systems based on the similarity among users and the
browsing page. Recommender systems using collab-
orative filtering are mainly based on the black box
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approach. The black box approach does not indicate
the interior mechanisms of the recommendation pro-
cedure, and the reasons for recommendations are not
obvious [4]. A recommendation function is also in-
stalled in the @cosme website, but the reason why
the recommended product has been chosen is not dis-
closed.

On the Bihada-Mania website, the ingredients of
cosmetics on the market are presented. In this study,
we assume that the compatibility between a user and
a basic cosmetic product depends on its cosmetic in-
gredients, which are available from Bihada-Mania.
Using review information from @cosme and that from
Bihada-Mania, we extracted the effective cosmetic in-
gredients for each user attribute and developed a rec-
ommender system of basic cosmetics based on ingredi-
ents. The product categories covered in this research
were skin lotion of basic cosmetics, which represent
the largest number of products in cosmetics. As a
first step of our research, we consider exactly one ef-
fective ingredient for each lotion. Considering more
than one effective ingredient is left for future work.

The number of studies on recommendation meth-
ods using website review information is increasing [7,
5, 1, 3]. However, research on recommendation ser-
vices paying attention to ingredients of cosmetics has
not been presented as far as we know.

2 @cosme and Bihada-Mania
Website

We introduce the two sites related to this research.



2.1 @cosme Website

The @cosme website is the largest-scale website in
the field of cosmetics in Japan. As of May 2015, the
site had 3,200,000 users, approximately 12,000,000
reviews, 28,000 brands, and 250,000 products. The
number of reviews posted is increasing year by year.
Users refer to the purchase of a product and its usage.
Users registers their information such as age and skin
quality at the time of registration.
At @cosme, the user evaluates the recommendation

degree for each product as follows.

0. Very dissatisfied

1. Dissatisfied

2. Not good

3. Average

4. Pretty good

5. Good

6. Very good

7. Excellent

Moreover, users can freely write a review within
2,000 characters. As another evaluation method, the
user can arbitrarily select the effect tag and add an
arbitrary number of tags. The tags available for se-
lection depends on the category of the product under
review. The type and number of selectable tags differ
depending on the product category. The image of a
review of @cosme is shown in Fig. 1.
In case of skin care / basic cosmetic product, users

can select tags such as [moisture], [acne], and [whiten-
ing] and in case of a makeup item, they can select
[coloring] or [color] tags. There are 15 types of effects
tags that can be used when posting reviews on skin
lotions, as shown below.

• Moisture

• Pores

• Acne

• Whitening

• Mild stimulation

• Anti-Aging

• UV cut effect

• Skin elasticity

• Refreshing feeling

• Horny care

• Oily

• Tightening

• Cleansing

• Cost performance

• Organic cosmetics

2.2 Bihada-Mania Website

The actual product contains ingredient information.
In addition, the user can acquire ingredient informa-
tion by viewing the homepage of the maker. How-
ever, manufacturers are not obliged to disclose prod-
uct ingredients on their website. The user must ob-
tain the product in order to know the ingredient in-
formation of the product. Therefore, it is difficult
to comprehensively acquire ingredient information for
all products. The Bihada-Mania website responds to
the needs of users who want information on the in-
gredients of products. Bihada-Mania is the largest
site in Japan that publishes cosmetic ingredient in-
formation and toxicity judgments. As of December
20, 2016, cosmetic ingredient information on 30,576
products has been posted. Bihada-Mania, as shown
in Table 1, presents both ingredient information and
toxicity.

3 Proposed Method

The purpose of this research is to realize a system that
extracts ingredients presumed to have high cosmetic
effect and recommends cosmetics containing them us-
ing user rating on a cosmetic review site. We realize
the following functions.

1. Define user categories with similar skin quality.

2. Extract the evaluation of skin lotion for each user
attribute.

3. User’s evaluation on a cosmetic effect is extracted
for each skin lotion.

4. Acquire all ingredients contained in skin lotion
group X with high beauty effect.

5. Extract ingredients that characterize facial skin
lotion group X.

6. The skin lotion containing the ingredients de-
rived in Step 5 is output as the recommended
product group.

In 1), user categories are classified using user at-
tributes. In 2), we aggregate the effect tags attached
to reviews from the @cosme website for each user at-
tribute, and assign the value to the evaluation of the



Figure 1: Review of @cosme

cosmetic effect of cosmetics. In 3), the operation 2)
is performed for all the skin lotions. In 4), skin lotion
group X is derived by setting a proposed threshold.
The ingredient is extracted from the Bihada-Mania
website. 5) is done using an ingredient extraction
method that characterizes cosmetics. The cosmetics
to be recommended in 6) are those containing the in-
gredient derived in 5) and registered on Bihada-Mania
website.

3.1 User Attributes

All users set one skin quality and one age at the time
of user registration. The user attribute in this re-
search is defined by information of the set skin quality
and age．For user attributes, we consider 72 classes
composed of combinations of six skin types (normal,
oily, mixed, dry, sensitive, and atopic skin) and 12
age groups (14 years or younger, 15–19 years old, 20–
24 years old, 25–29 years old, 30–34 years old, 35–39
years old, 40–44 years old, 45–49 years old, 50–54
years old, 55–59 years old, 60–64 years old, and over
65 years old).

3.2 Usage Data

Usage Data is crawled from @cosme and Bihada-
Mania websites in advance. Product categories are
skin lotion in skin care and basic cosmetic products.
The target shall be a product corresponding to the
category of skin lotion listed on both the @cosme and
Bihada-Mania websites. Currently, 1,051 products
are applicable.

3.3 Threshold Setting

For each cosmetic product, we derive a skin lotion
with a high proportion of cosmetic effect tags. As a
method of determining the threshold, a natural classi-
fication method was used. We examined the number
of products with effect tag and the number of reviews
of each product and adopted those two change points
as thresholds. As a result of this experiment, we set
the threshold to 40%. We define a group of products
with effect tags (eg. “Moisture” tags) attached to
users of 40% or more as a highly effective cosmetics
group and denote as X.

3.4 Ingredient Extraction Method

The highly effective cosmetics group X is a prod-
uct set in which a certain user attribute is evaluated
as having a high cosmetic effect. When considering
the ingredient characterizing a certain highly effective
skin lotion group X, we estimated that the ingredi-
ent with high content would characterize its X. How-
ever, many skin lotions contain water and BG (1,3-
Butylene glycol), and these ingredients do not charac-
terize the product. We apply the concept of TF-IDF,
which is used to find a word that characterizes sen-
tences, and propose a method to find ingredients that
characterize highly effective skin lotion group X.

IF (Ingredient Frequency)
IF (Ingredient Frequency) is the proportion of con-

tent of ingredient i included in the highly effective
cosmetics group X. There is a rule that the ingredi-
ent indication of cosmetics is described in descending
order of blending amount. We consider that the in-



Table 1: All ingredients of a product “Skin Conditioner Essential”
Ingredient Utility

Dipotassium glycyrrhizate Flavor, Anti-inflammation
Purified water Solvent
Ethanol Solvent, Solubilizer, Astringent
1,3-butylene glycol Moisturizing, Solvent, Reduced viscosity
Glutathione Perfume, Reduction, Whitening
Adlay essence Oil, Protective agent, Whitening
Hamamelis Fragrance water, Astringent, Moisturizing
Marronier extract Moisturizing, Washability
I-menthol Flavor, Perfume
Carrageenan Perfume, Hydrophilic thickener
Sorbitan sesquioleate (toxicity) Synthetic surfactant, Emulsifier
Polyoxyethylene hardened castor oil (toxicity) Synthetic surfactant, Emulsifier
Absolute ethanol solvent, Solubilizer, Astringent
Parahydroxybenzoic acid esters Preservative
Perfume Perfume

gredient with high content characterizes X. We sort
ingredients in descending order of their content. IF
is given by the following equation．In ingredient with
high content ranking, the IF value becomes high.

IF (i,X) =
m∑

p=1

np − αp,i

np
(1)

np : The number of ingredients included in product
p in skin lotion group X.

m : The number of products in skin lotion group X.

αp,i : Rank of ingredient i listed in product p.

IPF (Inverse Product Frequency)
IPF (Inverse Product Frequency) is the reciprocal

of the number of products containing an ingredient．
For example, “water” used in many products has a
lower IPF value. IPF is given by the following equa-
tion:

IPF (i) = log
N

pf(i)
(2)

N : The number of skin lotion products

pf(i) : The number of products including ingredient
i

IF-IPF
IF-IPF is given by the following equation:

IF -IPF (i,X) = IF (i,X)× IPF (i) (3)

Comparison of frequency, IF value, and IF-IPF
value

For verification, the frequency, IF value, and IF-
IPF value are respectively derived and compared. For
skin lotion group X. which was given 40% or more of
the effect tag “Moisture” by the user attribute “nor-
mal skin : 25-29 years old”, we show the top six ingre-
dients of (1) Frequency, (2) IF value, and (3) IF-IPF
value, respectively. There are 151 products in skin
lotion group X.

(1) Frequency

Water 116
BG 105
Ethanol 102
Glycerin 95
Phenoxyethanol 89
Quenic acid 83

(2) IF value

Water 3.06
Glycerin 2.62
BG 2.31
Ethanol 1.97
DPG 0.89
Dipropylene glycol 0.80

(3) IF-IPF value

Dipropylene glycol 2.28
3-butylene glycol 1.88
DPG 1.81
Xylitol 1.77
Purified water 1.51
Concentrated glycerin 1.50

From the results of (1) - (3), using (3) IF - IPF
value, ingredients characterizing the product groupX
can be extracted. This is because the importance of
ingredients (for example, “water”) contained in many



products can be reduced.

3.5 Proposed System

The flow of our method is described below.

Input: User attribute, effect tag (s) to be verified,
thresholds Min 0, Max 1.

Output: Product containing ingredients with high
IF-IPF value.

Step 1. Build a database using crawled data from
@cosme and Bihada-Mania.

Step 2. From among the products that the user cor-
responding to the user attribute posted review,
we extract the product whose product category
is the skin lotion.

Step 3. From among the products extracted in
Step 2, we extract products with the number of
users who give the specified effect tags equal to
or greater than the threshold value．

Step 4. Extract all ingredients contained in the skin
lotion group X extracted in Step 3.

Step 5. The IF-IPF value is calculated for the in-
gredient extracted in Step 3.

Step 6. Sort ingredients according to IF-IPF value.

Step 7. Output the product containing the top in-
gredient of the result of Step 6.

4 Experiment

For each user attribute, we extract an ingredient with
high cosmetic effect of “moisture” and recommend a
product containing it.

4.1 Method of Verification

The most important evaluation criterion in the rec-
ommender system is the level of satisfaction of the
user with the recommended product [9, 6]．We have
defined the scale “invalidated product number (IPN)”
to evaluate the effectiveness of our recommendation
service. IPN is the number of products that other
users do not give any corresponding effect tag in cos-
metics recommended by our system as having beauty
effect.
When the ingredient i is expected to have a cos-

metic effect “moisture” for a certain user attribute,
the product group (p1, p2, . . . , pn) including the ingre-
dient i is defined as the recommended product group
X. The number of products for which no effect tag
“moisture” is attached in the review posted by the
user attribute is defined as the invalidated product
number.

4.2 Condition of Experiment

Using the proposed method, we conducted an exper-
iment of recommending products containing ingredi-
ents presumed to have the cosmetic effect “moisture.”
The age group of most registered users in @cosme is
the late 20s. Therefore, we target users of all skin
types (normal, dry, oily, mixed, sensitive, and atopic
skin) in the age range 25–29 years.

Next, we set the threshold of the IF-IPF value to
certify the product with the effect tagged as actu-
ally having its cosmetic effect. If the setting of the
threshold value is lowered, the ingredients of prod-
ucts not having high cosmetic effect may be extracted.
However, when setting the threshold value high, an
appropriate number of products is not extracted, so
effective recommendation will not be possible. We
changed the threshold and examined the relationship
between the number of products extracted and the
total number of reviews of each product. As a result,
we could estimate based on natural taxonomy that
the appropriate threshold is 40%.

4.3 Experimental Results

The results of Experiment 1 are shown in Table 2.
For each user group, the top two ingredients in terms
of the IF-IPF value evaluated as having a high “mois-
ture” effect along with one product recommended
from them are shown.

For each user attribute with different age and skin
quality, the ingredients evaluated as having a high
“moisture” effect are different. This can be verified
using the number of invalidated products of each rec-
ommended product group. The number of invalidated
products is less than 5% for all user attributes. This
indicates that our recommender system has certain
reliability.

As shown in Table 2, except for eucalyptus extract,
ingredients with cosmetic effect are extracted as in-
gredients with high “moisture” effects. Camomile wa-
ter and eucalyptus extract recommended for user at-
tributes (sensitive skin: 25–29 years old) have anti-
inflammatory and bactericidal effects. Users with
sensitive skin tend to give cosmetic effect tags “mois-
ture” to products including anti-inflammatory actions
because they have more sensitive skin than others.
The ingredient Rose Otto oil presumed to the user
of atopic skin has anti-inflammatory action and skin
tonic effect. Users of atopic skin tend to infer not only
the moisturizing effect but also products with an ef-
fect of suppressing inflammation of the skin compared
to other users.



Table 2: High “moisture” effect ingredients and recommended products containing those ingredients

User attribute Products Top 2 ingredients of IF-PDF value Recommended products group IPN

Normal skin: 25-29 years 104 IF-IPF(dipropylene glycol) = 2.28 a1: AQUALABEL white up lotion, and other 145 4/145
Number of users: 25,006 IF-IPF(1,3-butylene glycol) = 1.88 a2: EVITA moisture lotion, and other 179 7/179
Oily skin: 25-29 years 99 IF-IPF(methyl gluceth-20) = 2.58 b1: EST eternal flow lotion, and other 34 0/34
17,441 IF-IPF(dolabrata extract) = 1.65 b2: ORIENA balancing lotion type2, and other 20 0/20
Mixed skin: 25-29 years 83 IF-IPF(DPG) = 1.62 c1: KEANA NADESHIKO rice lotion, and other 256 14/256
83,084 IF-IPF(methyl gluceth-10) = 1.25 c2: FANCL acnecare lotion, and other 57 2/57
Dry skin: 25-29 years 92 IF-IPF(DPG) = 1.88 d1: KEANA NADESHIKO rice lotion, and other 256 6/256
45,610 IF-IPF(dolabrata extract) = 1.54 d2: ORIENA balancing lotion type2, and other 20 0/20
Sensitive skin: 25-29 years 74 IF-IPF(chamomile water) = 2.48 e1: Homeo Beau lotion, and other 5 0/5
32,272 IF-IPF(eucalyptus extract) = 1.49 e2: MANIS skin lotion tea tree, and other 19 1/19
Atopic skin: 25-29 years 80 IF-IPF(rose otto oil) =2.11 f1: ANTIANTI flower aqua organics rose otto 0/1
5,943 IF-IPF(DPG) = 2.10 f2: KEANA NADESHIKO rice lotion, and other 256 11/256

5 Conclusion

In this study, we assumed that the compatibility be-
tween a user and a basic cosmetic product depends
on the cosmetic ingredients. We analyzed the cos-
metic ingredients using the user’s evaluation from
the cosmetics site @cosme and extracted the ingre-
dients presumed to have high beauty effect. More-
over, we implemented a system for recommending
skin lotions containing extracted ingredients. User
attributes were defined by a combination of skin qual-
ity and age, as submitted with @cosme user registra-
tion information. Furthermore, in order to evaluate
the recommender system, the number of invalidated
products was defined. The number of invalidated
products is the number of products that are not cos-
metic effective for the user. We collected information
from @cosme and Bihada-Mania and constructed a
system that recommends products with high cosmetic
effects to each user attribute using this information.

From the experimental results, it is interesting to
note that the compatible components were different
for each user attribute. Since the proportion of inval-
idated product number of our recommender system
was all 5% or less, it can be said that the proposed
recommending system has certain reliability. If even
one ingredient with high IF-IPF value is contained
in the recommended product, the beauty effect for
the product of the corresponding user attribute was
high. By using other information in addition to age
and skin quality as user attributes, the performance
of the recommender system may be increased.

The future prospects include that the number of
effect tags attached to reviews is used as user evalua-
tion．By analyzing the text of reviews, it is possible
to acquire highly reliable and effective components.
Moreover, by extracting skin abnormality informa-
tion, such as itching and swelling, from review text,
it is possible to extract components that should not
be used for each user attribute.

References

[1] S. Abe and I. Kobayashi, “Development of re-
view recommender system using cosmetic review
data,” in SIG-DBS 2015-A-22, 2015.

[2] J. S. Breese, D. Heckerman, and C. Kadie, “Em-
pirical analysis of predictive algorithms for col-
laborative filtering,” Morgan Kaufmann Publish-
ers, Tech. Rep., 1998.

[3] Y. Matsunami et al., “Evaluation item review
automatic scoring method using cosmetic item
evaluation expression dictionary,” in DEIM Fo-
rum, vol. B1-1, 2016.

[4] J. L. Herlocker, J. A. Konstan, and J. Riedl,
“Explaining collaborative filtering recommenda-
tions,” in In Proc. of the Conf. on Computer
Supported Cooperative Work, 2000, pp. 241–250.

[5] Y. Matsunami, M. Ueda, and S. Nakajima, “Pro-
posal of a review analysis method aimed at judg-
ing the feeling of use and preference of cosmetics
items,” in DEIM Forum, vol. P3-1, 2015.

[6] F. Ricci, L. Rokach, and B. Shapira, Introduc-
tion to Recommender Systems Handbook, Rec-
ommender Systems Handbook. Springer, 2001.

[7] Y. Shirota, T. Hashimito, and T. Kuboyama,
“Analysis of reputation of cosmetics on review
Website,” Annual report of the Gakushuin Uni-
versity Computer Centre, Tech. Rep., 2013.

[8] X. Su and T. M. Khoshgoftaar, “A survey of
collaborative filtering techniques,” Advances in
Artificial Intelligence, vol. 2009, no. Article ID
421425, 2009.

[9] K. Swearingen and R. Sinha, “Beyond Algo-
riyhm: An HCI perspective on recommender sys-
tems,” in In SIGIR Workshop on Recommender
Systems, 2001.


