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Abstract: 

Collaborative filtering is one of the most popular techniques used in 

recommender systems. It relies on sharing interests among users to provide 

recommendations related to the user, and it uses the ratings that the user 

provides explicitly, but these ratings may be stressful for the user or may not 

investigate the correctness when presented, which results in inaccurate 

recommendations. This paper aims to solve the problem of lack of user ratings 

in the collaborative filter rating matrix; a proposed method exploits user 

transaction data and clickstream data to derive implicit user ratings, which 

represent the degree of user preference for the item. These implicit ratings are 

added to the rating matrix to enrich the matrix and then improve the 

recommendations. The experiments were conducted on the data of a retail e-

commerce store, according to the dataset, experiments have shown that implicit 

ratings that are derived from user purchase data and clickstream data reduce the 

negative impact of data sparsity, and improve the accuracy of user 

recommendations. In the future, other data can be mined to improve the 

accuracy of recommendations, such as the viewing time of a specific item or 

category, also the purchase time context can be taken into account to provide 

recommendations related to the purchase period. 
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session_id user_id item_id Time quantity 
  b 2014-04-03T10:26:07.632Z 1 

1 1 a 2014-04-03T10:26:07.753Z 1 
2 1 a 2014-04-07T09:22:28.132Z 1 
3 2 b 2014-04-07T09:22:28.176Z 2 
3 2 c 2014-04-03T11:04:11.417Z 1 
4 3 c 2014-04-02T10:42:17.227Z 1 
5 3 d 2014-04-02T13:17:46.940Z 1 

  

 
session_id user_id item_id Category Time 

  a 2 2014-04-07T10:51:09.277Z 
1 1 b 3 2014-04-07T10:54:09.868Z 
2 1 c 1 2014-04-07T10:54:46.998Z 
2 1 d 4 2014-04-07T10:57:00.306Z 
3 2 c 1 2014-04-07T13:56:37.614Z 
3 2 a 2 2014-04-07T13:57:19.373Z 
4 2 d 4 2014-04-07T13:58:37.446Z 
5 3 d 4 2014-04-02T13:17:46.940Z 
6 3 b 3 2014-04-02T13:26:02.515Z 

  

session_id user_id clicks purchases 
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1  a,b,c,a,c b,a,a 
2 1 c,d,a  
3  b,c,d,b b,b,c 
4 2 b,c,e,e c,c 
5 3 d,b,c c,d 
6 3 b,e,e  
7 4 c,d,a,a  

  

 

 a b c d 
 2
  2 3
 1 1
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a, b 

 ̂   
 

√     
   ̂   

 

√     
 

 

 

User/item a b c d 
 0.894 0.447
  0.554 0.832
 0.707 0.707

 

 
 

 

User/ item a b c d 
1 0.33 - 0.33 0.33 
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Session_id/ item a b c d 
1 1/4 0/4 0/4 0/4 
3 0/4 0/4 1/4 0/4 
4 0/3 0/4 1/3 0/3 
5 0/3 0/4 2/3 2/3 

sum 0.25 0.0 1.25 0.6 
Min-max scaler 0.2 0.0 1.0 0.48 

 

a

Session_id/ item a b c d 
1 /4 1/4 2/4 2/4 
3 /4 1/4 0/4 1/4 
4 1/3 - 0/3 1/3 
5 1/3 - 0/3 0/3 

sum 0.917 0.5 0.5 1.08 
Min-max scaler 0.719 0.0 0.0 1.0 

a = (0.33*0.2) + (0.2*0.5) + (0.719*0.3) = 0.381 
b = (  *0.2) + (0. *0.5) + (0. *0.3) = 0.  
c = (0.33*0.2) + (1.0*0.5) + (0.0*0.3) = 0.566 
d = (0.33*0.2) + (0.48*0.5) + (1.0*0.3) = 0.606 
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User/ item a b c d e 
3 - 0.33 - - 0.67 

Session_id/ item a b c d e 
1 0/3 1/3 - - 0/3 
3 - 1/3 0/3 - 0/3 
4 - 0/3 0/3 - 0/3 
5 - 0/4 0/4 0/4 0/4 

sum 0.0 0.6 0.0 0.0 0.0 
Min-max scaler 0.0 1 0.0 0.0 0.0 

 

e

Session_id/ item a b c d e 
1 1/3 0/3 - - 1/3 
3 - 0/3 1/3 - 1/3 
4 - 1/3 1/3 - 1/3 
5 - 1/4 1/4 1/4 1/4 

sum 0.33 0.583 0.917 0.25 0.917 
Min-max scaler 0.119 0.449 1.0 0.0 1.0 
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3

a = (- *0.2) + (0.0*0.5) + (0.119*0.3) = 0.036 
b = (0.33*0.2) + (1. *0.5) + (0.449*0.3) = 0.716 
c = (- *0.2) + (0.0*0.5) + (1.0*0.3) = 0.3 
d = (- *0.2) + (0.0*0.5) + (0.0*0.3) = 0.0 
e = (0.67*0.2) + (0.0*0.5) + (1.0*0.3) = 0.434 

 

 

User/ item a b c d 
3     

Session_id/ item a b c d 
1 /4 0/4 0/4 0/4 

3 0/4 0/4 /4 0/4 

4 0/3  /3 0/3 
5 0/3  /3 /3 

sum     
Min-max scaler     

Session_id/ item a b c d 
1 0/4 /4 /4 /4 
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3 /4 /4 0/4 /4 

4 /3  0/3 /3 
5 /3  0/3 0/3 

sum     
Min-max scaler     

a = (  *0.2) + (0. *0.5) + (0. *0.3) = 0.  
b = (  *0.2) + (0. *0.5) + (0.0*0.3) = 0.0 
c = (0.25*0.2) + (1.0*0.5) + (0.0*0.3) = 0.55 
d = (0.25*0.2) + (0.48*0.5) + (1.0*0.3) = 0.59 

 
 

User/ item a b c d e 

1 0.381 0.  0.566 0.606  

3 0.036 0.716 0.3 0.0 0.434 

4 0.  0.0 0.55 0.59  
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User/item a b c d e 

 0.894 0.447 0.566 0.606  

  0.554 0.832   

  0.716 0.707 0.707 0.434 

4 0.416  0.55 0.59  

 

c
e
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K-Fold 
Cross Validation

CaseRecommender

 

99.78%99.71
99.9299.91

 users items interactions sparsity 
QV_user_cosine 

train data 6457 9381 173190 99.71% 
test data 6070 3489 19244 99.91% 

QV_user_correlation 
train data 6457 9381 173190 99.71% 
test data 6070 3489 19244 99.91% 

QV_item_cosine 
train data 6457 9381 173190 99.71% 
test data 6070 3489 19244 99.91% 

QV_item_ correlation 

https://github.com/caserec/CaseRecommender
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train data 6457 9397 173190 99.71% 
test data 6057 3453 19244 99.91% 

 users items interactions sparsity 
purchase_user_based_cosine 

train data 6457 9358 135637 99.78% 
test data 5701 3427 15071 99.92% 

purchase_user_based_correlation 
train data 6457 9377 135637 99.78% 
test data 5749 3449 15071 99.92% 

purchase_item_based_cosine 
train data 6457 9342 135637 99.78% 
test data 5733 3425 15071 99.92% 

purchase_item_based_correlation 
train data 6457 9399 135637 99.78% 

test data 5700 3414 15071 99.92% 

QV_based

%99.78 

%99.92 

%99.71 

%99.91 

99.55 99.6 99.65 99.7 99.75 99.8 99.85 99.9 99.95 100

train

test

rating_matrix_sparsity 

rating matrix sparsity with implicit rating

rating matrix sparsity without implicit rating
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purchased_based

QV_item_based_cosine

QV_item_based_correlation
QV_user_based_correlation

QV_user_based_cosine
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