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ABSTRACT 

E-commerce (EC) has grown rapidly and the recent marketing of 

women and children (W&C) products has gained much attention. One 

survey shows W&C product sales online have doubled compared to an only 

10% increase in stores. Given that W&C products characteristically have a 

variety of product categories and are suitable for a relatively short period of 

time, consumers may not have enough product knowledge to purchase 

appropriate products. This research proposes a timely interactive 

recommendation mechanism to be applied to an EC W&C product based on 

“age of child” as a time factor, the generation of a suitable time interval to 

filter the categories, and a dynamic display of categories and products. An 

interactive critique-based recommendation mechanism is thereby designed 

to help consumers identify their modified requests that reflect current 

dissatisfaction with a product. Through this process users can acquire 

product knowledge and purchase the most suitable product. An experiment 

based on the proposed mechanism is performed. The results demonstrate 

that the participants were significantly more satisfied with the proposed 

timely interactive recommender system than the general e-commerce, in 

terms of the factors of information content, personalized services, user 

interface, system value, and perceived system diagnosticity. 
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1. INTRODUCTION 

With the maturation of Internet technology, e-commerce (EC) has 

grown rapidly with millions of EC sites in operation worldwide. The 

question remains, however, how does one provide consumers with suitable 

products and maintain user loyalty. One of most indispensable methods for 

dealing with these issues is the recommender system (RS). As an example, 

by employing a RS, Amazon.com overcame the crisis created by the 

bursting of the Internet bubble in 2000, and grew rapidly to become the 

largest EC site globally. Currently, a RS has become one of the key factors 

for successful EC sites.  

The RS is an information system that can provide suitable products to 

meet the needs of a user. Its main task is to filter products effectively, and 

also to identify user preferences to provide them with appropriate products
1, 

2, 3
. For this reason, an RS can help EC sales in many ways, such as by 

converting browsers into buyers, increasing cross-selling, and building 

loyalty
4
. 

Electronic-commerce sites for the women and children (W&C) 

products are growing quickly, especially during the recent recession period. 

There is a saying in the marketing field, during a recession, the last budget 

item to be cut by consumers are items for children, followed by the mother, 

then the pet, with the father being considered first. Moreover, the recession 

has changed consumer purchasing behavior as well, with increasing 

numbers of consumers preferring online shopping rather than store shopping. 

According to one survey, W&C products sales doubled compared to an 

increase of only 10% for stores, and more than half of parents purchase 

W&C products online
5
. This increasing demand has resulted in more W&C 

products categories and even specialty EC sites. A look at these sites, 

however, reveals that besides being a specific site for W&C products, these 

W&C EC sites are not much different in comparison to general EC sites. 

Very few functions have been designed for the characteristics of W&C 

products, which include a variety of product categories, suitability that is 

limited to a certain time period, and a consumer that may have little 

knowledge of the products. 
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Therefore, the aim of this research is:  

1. To apply to and integrate with W&C EC the factor of “age of child” to 

automatically filter out unsuitable products, with the capacity to handle 

multiple-children situations. 

2. To design a recommendation presentation that can adjust dynamically 

in order to provide suitable categories and products for users.  

3. To help users learn relevant knowledge during the purchase process. 

2. LITERATURE REVIEW 

2.1 Electronic Commerce 

Electronic commerce (EC) can be described as the process of buying, 

selling, transferring or exchanging products, services, and/or information via 

computer networks, including the Internet
6
. This totally changes the 

mechanism of traditional commerce. This creates many new business 

models and opportunities
7
, and also impacts the purchase behavior of 

consumers.  

EC can be classified into different categories. According to the 

frequency of purchase, there can be the class of frequent vs. infrequent 

purchasing activity
8
. Frequently purchased activities focus on eliciting 

customer preferences and suggesting products in line with the customer 

profile. Infrequently purchased items are likely to have less defined 

objectives and preferences, and as such, their tasks will tend to be ill 

structured. Moreover, depending on the product type, there is the class of 

durable items and consumable items. Durable items normally have a higher 

price, and the purchase behavior is more related to user preferences. 

2.2 Recommender Systems 

A recommender system (RS) can be described as an information 

system to provide product information that is interesting to users and based 

on users' preferences
1, 9

. Besides information filtering, its main task is 

focused on finding the preferences of the user, and thus provides the item 

that the user would be interested in
1, 2

. Importantly, with the support of the 

RS, information overload and search complexity can be reduce
10

. Moreover, 

the relationship between users and venders can be strengthened, the service 

quality enhanced, and as a result, profits increased. Therefore, an RS can 

increase sales, and also better manage customer relationships that lead to 

higher loyalty and increased competitive barriers
10

.  

An RS can be classified in terms of information filtering approaches 

that include content-based, collaborative filtering, demographics-based, and 

knowledge-based RS. The content-based (CB) and collaboration filtering 
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(CF) recommendation methods are the most famous and frequently applied 

methods. Further, the combination of both is called the hybrid 

recommendation method
3, 4, 11, 12, 13

, which has recently drawn the attention 

of many researchers. In CB recommendation, the main task is to analyze  

item features and compare them with a user's past purchase history, behavior, 

interests, or ratings for items
12

. A relationship between item features and 

user characteristics is then established. Through an understanding of 

similarities in this relationship, the RS can recommend users items that they 

may like or be interested in. CF recommendation matches users with similar 

interests and ratings
12
. It collects a user’s past purchase history and analyzes 

these data to establish a personalized user profile, and then combines them 

into groups of similar users. The fundamental assumption of CF is that if 

users rate items similarly, or have similar behaviors (e.g., buying, watching, 

listening), they will similarly rate or act as such on other items. In this way, 

the items purchased by one user can be recommended to others who are in 

the same group and have not yet purchased this item
4, 14

. 

In several situations, however, CB and CF methods may not be the best 

option. The first typically involves infrequently purchased products, such as 

cars. Systems may not be able to obtain much user rating information
15

. 

Another situation is when timing is an important factor. Historical 

preferences from five months ago might not be inappropriate for parents 

with a six-month old baby.  

2.3 Knowledge-Based Recommendation  

Knowledge-based recommender systems (KB RS) can help tackle the 

aforementioned challenges, because there is no rating information needed in 

advance for the derived recommendation. The KB RS is defined as a system 

that “guides a user in a personalized way to interesting or useful objects in a 

large space of possible options or that produces such objects as output”
15

. 

Two basic types of knowledge-based recommender systems are 

constraint-based and case-based systems
3, 15

. These recommendations differ 

in the way they use the provided knowledge. Whereas case-based 

recommendations focus on the retrieval of similar items and use similarity 

metrics to retrieve items that are similar to the specified customer 

requirements, constraint-based recommendations rely on an explicitly 

defined set of recommendation rules. 

Earlier versions of case-based recommendations followed a pure 

query-based approach, in which users had to specify their requirements until 

a target item had been identified. The drawback of pure query-based 

approaches is that it cannot satisfy users, who may not know what they are 

seeking, by helping them navigate the item space to find useful alternatives.  
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Critiquing is an effective way to support such navigations and it is one 

of the key concepts of case-based recommendation. The concept of 

critiquing is that the users identify their modified requests that are not 

currently satisfied with an item
15, 16

. Ricci and Nguyen
17

 applied the critique 

technology in a mobile recommendation structure. 

2.4 Women and Children Products  

The RS has been applied in many different fields, with EC being one of 

the most prolific users as it can help the consumers’ purchasing process. 

Given that for recommendations timing is an important factor, the present 

RS considers “time” as two broad types:  

1. Since user preferences may operate in terms of a length of 

effectiveness, they can be classified as either long-term preferences or 

short-term-preferences. These RSs with long-term preferences describe 

preferences that do not change with time, and can thus be considered as 

time-independent preferences. In contrast, short-term preferences may 

change frequently, with some changing with every browsing action, 

such as for News RSs. For this kind of RS, the “time” factor becomes 

crucial. 

2. Regarding targeted entities, “time” may relate to either products or 

users. For the product, it can be applied as an expiry date or a time 

period of availability. And for the users, time may relate to the career of 

the user, with different career stages possibly having different 

requirements. For the user’s career stage, one of the most challenging 

periods of time is the first few years of having a new baby (including 

pregnancy).  

As new parents, many users entering this period may not have enough 

knowledge to know what to purchase. In reality, these new parents need 

various different women and children (W&C) products at different stages. 

However, these W&C products include the characteristics of many different 

categories of products, such as foods, clothes, transportation, and toys. And 

during different time periods, i.e., related to the child’s age, there are 

different product requirements, often associated with time periods that may 

be short, sometimes lasting only a few months. Since the users may not have 

enough domain knowledge about different categories of W&C products, 

they may be incapable of expressing their preferences about products clearly, 

and as a result experience difficulties and frustrations with purchasing.  

According to one survey more than half of the parents purchase W&C 

products online, which ranks third after baby stores and pharmacies
5
. 

Nowadays, more and more W&C specific websites are being built for this 

specific market. However, according to our investigation, very few of them 
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apply the factor of “time” in the supporting process for recommendations. In 

this research, we try to apply the “age of child” as a recommendation factor.   

3. RESEARCH METHOD 

3.1 System Design  

In order to take into account the characteristics of a W&C product 

website, a critique-based interactive RS aggregated with a time factor is 

proposed. The modules of this system are described as bellow.  

 

Figure 1. Interactive RS architecture 

1. User Profile Management (UPM): The user profile contains three types 

of information: basic personal information, like user name, birthday, 

children’s birthday; long-term preference; and user interactive history. 

2. Query Initialization (QI): This module generates a personalized 

time-dependent request. It receives the query from the user and 

integrates the information into the user profile (e.g., child age, long 

term preference) from the UPM module. 

3. Product Management (PM): This module contains the product’s 

information, including product details, product category constraints and 

critique-able attributes. 

4. Recommendation Generation (RG): All the RS methods are 

implemented in this module. The input of this module can come from 

the QI for a first time query or from the Query Adaption (QA) during 

the critiquing cycle, and it may be the personalized query or the 
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critiquing query. The functions of this module include filtering out 

unsuitable products; calculating the similarity of products; and 

providing recommended candidate products.  

5. Recommendation Presentation (RP): This module presents the 

candidate products to users, which can be organized according to the 

user’s habits.  

6. User Evaluation and Critiquing (UE&C): When the candidate products 

are presented to users, they can reply with opinions and comments, and 

if users are not satisfied with the recommended product, they can 

critique it with an adjusted direction. 

7. Query Adaptation (QA): This module accepts the critique comment 

from the UE&C and then adjusts the request accordingly.  

8. Order Management (OM): When the user is satisfied with the candidate 

product, the user then puts the product into the shopping cart; this 

module manages the process of ordering, and also provides the 

purchase product to the UPM stored as purchase history data, and then 

finishes the critique process. 

Table 1. User profile with user and child’s information 

<xml> 

  <UserInfo> 

     <Name>Mary</Name> 

     <Birthday>1980/01/02</Birthday> 

     <Telephone>0912345678</Telephone> 

     <Address> No.1, Sec. 2, Roosevelt Rd., Taipei City 106 </Address> 

     <Childs> 

      <Name>Chao</Name> 

      <Birthday>2013/01/05</Birthday> 

      <Sex>Male</Sex> 

     </Childs> 

     <Preferences> 

      <Labels> 

       <Lable>Pigeon</Lable> 

       <Lable>Combi</Lable> 

      </Labels>       

      <PreferColor>Green</PreferColor> 

     </Preferences> 

    </UserInfo> 

  </xml> 
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3.2 User Profile with Timely Factor 

The user profile, which is the core of the RS, in this research contains 

the user’s personal information including the birthday of the child, and is 

thus able to derive the child’s age. Even if there are multiple children in one 

profile, it can still be represented as containing two values in this age factor. 

The user profile is described in XML format, and displayed in Table 1. 

In this research, it is assumed that the age of child can indicate a user 

requirement. However, in a real situation, the child’s age may not exactly 

reflect the request. Every child may be a little bit earlier or later than the 

norm. Therefore, instead of applying the “age” directly, this research uses a 

time interval to represent the age of child. The distribution deviations 

 
      are introduced to represent the negative and positive deviations of 

child’s real age (Age). Therefore, the time interval for a child’s age is 

described as 

 [Age - 
, Age + 

+
] =     

    
   , 

where   
     

 
  represent the lower and upper bounds of the user’s child age 

interval in this proposed RS. 

Similarly, the time range for product can be described as  

     
    

  , 

where   
    

  are the lower and upper time bounds of the product. 

The relationship between the age of child interval and the time range of 

product may be presented in a time line, as depicted in Figure 2. 

 

Figure 2. Timeline between the child-age interval and the time range of 

products 
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this means the product is not contained in the range of suitable age, and thus 

the product is filtered out. Otherwise, this product is selected and is 

displayed in the adaptive recommendation presentation. 

Moreover, if the following situation is satisfied,  

  
        

         (2) 

this means that the product is designed for a child of this age. For this 

reason, the product should have a higher priority and higher rank. 

For example, if a child is aged 14 months (Age =14), the set 

distribution deviation  
     

 = 4 months, then     
    

   = [10, 18] and the 

time range of products are P1= [6, 12], P2= [20, 30], P3= [12, 16]. As the 

product P2 satisfies Eq(1), and is filtered out. Therefore, only the P1 and P3 

are displayed. Moreover, as the P3= [12, 16] range contains the Age =14, it 

will therefore have a higher ranking order.  

3.3 Multiple Attribute Interactive Mechanism  

Every product contains many different attributes, but only some of 

them are of interest to the users. Therefore, these attributes of interest are 

provided to users to be adjusted interactively as a means to represent users’ 

opinions. These opinions are useful, especially when users do not have 

enough knowledge about the product to provide their preferences for the 

attributes. 

During the interactive process, the attributes of the candidate product 

are displayed for the user. The candidate product can be represented as  

 P =             , 

P is the product having the value set of the attribute vi 
7
. 

If users are not satisfied with the certain attribute value, they can 

indicate this by clicking the upward and downward arrow buttons (▲、▼) to 

adjust the value. For the quality attributes, the list of attribute values can be 

displayed for the selection. For the numerical attributes, the upward and 

downward button can be represented as a certain percent of adjustment. 

Given that βi is the adjusted value for different attributes, the adjusted 

attribute value vi’ is 

  
           

And the candidate product is generated according to the new adjusted 

attribute values vi’ in a new cycle. If users are still not satisfied with the 

value of the attribute, they can indicate that 
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The system records all of the interactive history. It is assumed that the 

more user clicks for a certain attribute indicates that the user is more 

interested in this attribute. 

In this research, every product has several attributes for interaction. All 

the products have the two interactive attributes of price and rating in 

common, and different categories of product have different attributes. For 

example, the baby bottle product has adjustable attributes for “material”, 

“heat resistance temperature” and “brand”, but for the stroller, the adjustable 

attributes are “weight” and “brand”. 

3.4 Recommendation Process 

The process of this recommendation system for a W&C EC system is 

described as follows: 

1. When users want to purchase W&C products, they send their request to 

the QI module, which is combined with the users’ long-term preference 

information obtained from the PM module. If the users are first-time 

visitors, they are required to provide basic personal information, 

including a child’s birthday. If the users have visited before, their 

personal information and history information exist in the user profile as 

their long-term preferences. These types of information will be 

integrated into the user requirements in the QI module. In this step, the 

“time”, child’s age, is the key factor to integrate. 

2. After the QI aggregates all this information, the aggregated request is 

sent to the RG module, and through filtering and comparing with 

product information, a suitable product category is obtained and 

displayed for the user in the RP module.  

3. When users receive the recommended product list, they may evaluate 

whether the product satisfies their requirements.  

i. If the answer is no, the user can start to critique the product by 

appointing the product attribute for adjustment. The critique 

request is sent to the QM module and adjusts the original user 

request, and is sent to the PM again for a new run of the 

recommendation critique cycle. 

ii. If the user is satisfied with this product, the product will be sent to 

the shopping cart and the order process will start in the OM 

module; the product information will then be sent to the UPM 

module to modify the user profile, where the information can be 

used in the future when the particular user has a new purchase 

attention. 
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4. EXPERIMENT AND RESULTS 

A prototype system based on the proposed approach was developed to 

evaluate its performance. Forty consumers were invited to participate in this 

experiment. Participant characteristics are shown in Table 2  

Table 2. Sample characteristics 

Category No. of sample Percentage % 

Gender 
Male 17 48.39% 

Female 23 51.61% 

Age 

21-25 2 5.00% 

26-30 7 17.50% 

31-35 12 30.00% 

36-40 16 40.00% 

40-45 3 7.50% 

Marriage 

status 

Single 3 7.50% 

Married (no kids) 4 10.00% 

Married (has kids) 33 82.50% 

No of 

children 

0 7 17.50% 

1 19 47.50% 

2 12 30.00% 

3 2 5.00% 

Age of 

child 

7~12 months 4 7.84% 

13~18 months 12 23.53% 

19~24 months 9 17.64% 

25~30 months 1 1.96% 

31~36 months 3 5.88% 

48~60 months 7 13.73% 

> 60 months 7 13.73% 

 

In order to estimate the relative advantage of the proposed 

recommendation mechanism, this experiment contains two modes, the 

proposed timely interactive recommendation (TIRS) mode and the control 

mode that is an EC mode with all the general EC functions. The general EC 

mode is identical to the TIRS, but without the recommendation ability. Each 

participant was asked to identify an expected product and to apply both 

modes to obtain suitable products. The satisfaction level, developed by 

Linag
1
 and Jiang and Benbasat

18
, of participants of these two modes are 

shown in Table 3. 

The experiment result indicates the mean of satisfaction level of TIRS 

in 5 factors, information content, personalized services, user interface, 
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system value, and perceived system diagnosticity, and all were greater than 

the value in general EC. Applying the paired t-test, the results show that the 

satisfaction levels in TIRS were significantly better than the general EC in 

all 5 factors.  

Table 3. Mean of the satisfaction level of two modes 

Factor Item General EC TIRS 

Information 

Content 

Find item wanted 3.85 

3.69 

5.98 

5.93 
Filtered out unwanted 3.58 5.88 

Captured the right 

category 
3.65 5.93 

Personalized 

Services 

Attentive to user 

needs 
3.35 

3.31 

5.85 

5.85 
Captured interests 3.20 5.78 

Adaptive service 3.40 5.93 

User 

Interface 

Easy to use 3.73 

3.71 

5.98 

5.71 
Friendly 3.45 5.78 

Properly formatted 3.8 5.6 

Clear presentation 3.88 5.48 

System Value 
Useful 3.75 

3.79 
5.50 

5.50 
Efficient 3.83 5.50 

Perceived 

system 

diagnosticity 

Helpful for evaluation 3.38 

3.47 

5.95 

5.74 

Helpful in being 

familiar 
3.43 5.80 

Helpful in 

understanding the 

performance 

3.60 5.48 

Note: A Likert 7-point scale was applied (1: totally disagree, 7: totally agree) 

5. CONCLUSION  

With the maturation of Internet technologies, e-commerce has grown 

rapidly, and recommender systems are ubiquitously applied in e-commerce 

as a means to overcome the problem of information overload. Although 

many specialized women and children (W&C) product categories or 

websites have been developed, there are several challenges that still need to 

be resolved. An important example is that W&C products have various 

categories like food, clothes, and toys, and most of these apply to children at 

a specific age period. Further, the requirements of the parent user may 

change frequently in that the product is time-sensitive and its suitable 

period-of-use may be short. However, as the product categories and 
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requirements change frequently, most of users may not have enough product 

knowledge to make optimal purchases.  

For these reasons, this research proposed a timely interactive RS 

(TIRS), employing the “age of child” as a time factor that was applied in the 

RS process to automatically filter out unsuitable items. As not all children 

will always suit a product time range, an age interval was applied instead of 

a precise age, to facilitate the sharing of a suitable product range. Moreover, 

this filtering process can be applied to multiple-children situations. Also, 

when “age of child” is applied, the candidate products are determined 

specifically for a particular user and the presentation is adjusted accordingly.  

Furthermore, as the parent user may not have enough product 

knowledge, and as it is difficult to provide precise user preferences, this 

research proposes one kind of the knowledge-based RS, i.e., a 

critiqued-based RS, to solve these challenges. A critiqued-based RS helps 

consumers to identify their modified requests that are not currently satisfied 

with a product and to gradually reach the suitable product user interest. As 

such, users are not forced to identify their preference in advance, and the 

system can also help users to obtain product knowledge and refine user 

preferences during the interactive process.  

A prototype system based on the proposed approach was developed 

and an experiment was designed to compare the proposed TIRS with the 

control mode named general EC, which is identical to the TIRS, having all 

the typical EC functions except for recommendation. From the experiment 

results it is clear that the participants were significantly more satisfied with 

the new TIRS architecture in all aspects (factors of information content, 

personalized services, user interface, system value, and perceived system 

diagnosticity) compared to the general EC site. 

6. CONTRIBUTIONS 

The contribution of this study to the academic field is the proposal of a 

mechanism using time interval as filter factor in the development of EC. 

This can lead to a more precise timely recommendation.  

In terms of contributing to the practical field, this research provides a 

personal W&C product EC to help EC venders provide each user with a 

personal EC tailored to the child’s needs and age. And through an interactive 

critique-based RS mechanism, a user’s insufficient product knowledge can 

be supplemented and enhanced during the interactive process. Further, as 

users continue using and interacting with the system, it can obtain users’ 

preferences and can provide better product recommendations. This can 
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substantially decrease the effort users need to make purchases and increase 

user satisfaction levels. 
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