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Abstract—To realize education informatization, it is highly necessary to
recommend teaching resources to students that can enhance their learning
interest and improve teaching quality. This paper develops a personalized
matching system for management teaching resources based on collaborative
filtering (CF) algorithm. Firstly, the authors set up a user interest model,
designed the flow and algorithm for personalized matching, and improved the
similarity calculation method. Next, a personalized recommendation algorithm
was developed based on the CF, and a personalized matching engine was
constructed with the aid of Apache Mahout. The experimental results show that
the proposed CF algorithm can effectively improve the recommendation
quality, and push personalized teaching resources to each user; the learners are
highly satisfied with the personalized matching system. The research results
shed new light on personalized recommendation of teaching resources, opening
up a new way to education informatization.

Keywords—Collaborative filtering algorithm, management, teaching resources,
personalized matching

1 Introduction

The rapid development of computers, information technology and network tech-
nology has changed the people’s way to live and learn, and also set off a wave of
education informatization in China. Meanwhile, various network teaching resources
have emerged. Although people can obtain more learning opportunities and resourn-
ces through the network, they still feel it more difficult to find the information they
need quickly and effectively, so it is particularly important to apply recommendation
technology to the education field and provide learners with suitable teaching re-
sources.
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In 1992, researchers at the XP Research Center applied the CF technology to the
mail system for the first time [1]. Personalized recommendation technology has been
applied earlier in e-commerce systems, e.g., Amazon has increased user purchases
through personalized recommendation algorithms [2]. At the beginning of the 21st
century, foreign scholars conducted research on the application of personalized rec-
ommendation systems in online learning. The Open University Neitherland construct-
ed a personalized recommendation system and summarized the application scenarios
of various personalized recommendation technologies [3]. In recent years, this tech-
nology has developed rapidly, and been used in almost every field. Domestic websites
such as JD.com, Alibaba, and Dangdang are mature in the application of personalized
recommendation technology [4]. Comparatively speaking, the application of personal-
ized recommendation technology in the education field started late, without efficient
promotion and high user experience. Until 2008, the research results were gradually
enriched. For example, Yang Lina et al. designed a technical process of the virtual
learning community based on the personalized recommnedation technology [5];
Wang Yanfang proposed a personalized e-Learning system [6]. Through reviewing
the relevant references at home and abroad, it’s found that the current application of
domestic personalized recommendation technology in the education field still has
problems such as lack of intelligence in the recommendation system, relatively single
recommendation strategy, and defects in the personalized recommendation mecha-
nism [7].

In view of the above, this paper firstly gives a brief introduction to the relevant
theories about the personalized matching system of teaching resources, and designs
the related recommendation process of the personalized matching system based on the
CF algorithm with the aim to meeting the teaching needs of management. Also, the
traditional Pearson similarity algorithm was improved, and a recommendation engine
was built based on Apache Mahout. Finally, the experimental analysis was conducted
to verify the effectiveness and practicability of the improved algorithm and personal-
ized matching system.

2 Related Theories of Personalized Matching System for
Teaching Resources

2.1  Classification of recommendation algorithms

To reduce the users’ blind search for resources, the personalized recommendation
system interacts with the user, and actively recommends the information that meets
the users’ personalized needs and interests to them [8]. At present, there are many
algorithms and technologies for personalized recommendation. The three common
recommendation algorithms are analyzed as follows:

1. Rule-based recommendations. Rules can be discovered through the data mining
technology of association rules or be formulated by users themselves. The quality
and quantity of rules determine the quality of rule-based recommendation. Key-
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words, description layer and user interface layer are the three main components of
the rule-based recommendation system [9], in which the keywords are the founda-
tion, the description layer defines the users and resources, and the user interface
layer is based on the other two, providing users with personalized recommendation
results. The disadvantage of this method is that the quality of the rules is difficult
to guarantee and cannot be updated in real time.

2. Content-based recommendations. Content-based recommendations relies on user
access content through browsing, evaluation, and sharing etc., and uses various
technologies to judge user behavior and needs [10]. It has the disadvantage that a
lot of analysis work needs to be performed before recommendation, but a large in-
crease in the number of web page user visits makes it difficult to analyze. It also
cannot mine new interesting resources for users.

3. Collaborative filtering-based recommendations. This algorithm can discover the
user's preference by mining the historical behavior data [11]. Prediction and rec-
ommendation are the main functions of CF technology, with the advantages of high
degree of personalization and obvious effects. Thus, this recommendation algo-
rithm is widely used.

4. Hybrid recommendation. To obtain the best recommendation results and take ad-
vantage of various recommendation methods in the actual application process, two
or more methods are often combined to form a new hybrid recommendation meth-
od. Collaborative filtering technology is often one of the essential technologies in
the hybrid recommendation technology.

2.2 Introduction of collaborative filtering technology

Currently, item-based, memory-based and user-based CF algorithms are widely
used in various fields. This paper analyzes the following two CF algorithms respec-
tively.

User-based collaborative filtering algorithm: The user-based CF algorithm can
discover the potential interest of the target user and obtain more accurate recommen-
dation result. The algorithm mainly includes the following three steps:

1. Input user-item evaluation matrix: The calculation formula is shown in (1), and the
user's preference for the item is usually expressed by a number between 0-5 [12].

Ru Rz -+ Rmn
R(m.n) = Rai R2 .-+ Ro
le Rmz e Rmn

@
where, Rij is the rating of item j by user i, m is the user, and n is the item.

2. Calculate user similarity and form neighbors: Common methods for calculating
user similarity are Pearson similarity algorithm and cosine similarity algorithm.
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The former was used in this study. The user's similarity sim(i,j) can be calculated
by formula (2) [13].

Zk < i i(Rik —ﬁ)(Rj,k —ﬁj)
\/Zk < 1i(Ri k —E)Z\/Zk < 1i(Rj.k —ﬁj)2

where, Ri and Rj are the average evaluation of items by users i and j; Ri, k are user

i's rating for item k; the set of items rated jointly by users i and j is: li=linl

After the similarity calculation, there are two ways to determine the neighbor set of
the target user. One is to select the k users with the largest similarity and form the
neighbor set; the second is to set the similarity threshold. Only the similarity over this
threshold can be allowed into the neighbor set.

sim(i, j) = &)

3. Generate recommendations: The user's predicted rating for an item can be calcu-
lated by formula (3). The recommendation set consists of the N highest predicted
items that are not in the user's rated item set [14].

—— e SUSim(u,_n)[(Ru,i—E)
D nesSim(u,n)

where, Ru,i is the score of user n on item i, Sim(u,n) is the similarity between users
nand i, Ru and Rn are the average evaluation of users n and i on the item.

Item-based collaborative filtering algorithm: This algorithm has the advantages
such as calculation offline, and saving computing time, and the disadvantage that it
cannot tap the potential interest of users. Similar to the user-based algorithm, it also
needs three steps, and their first step is the same. So, only the last two steps are intro-
duced in detail.

@)

1. Calculate similarity: Sim(i,j) similarity of items i and j is shown in the calculation
formula (4):

Zk c Uij(Rk,i—E)(Rk, j _ﬁj)
\/Zk e Uij(Rk,i—ﬁ)z \/Zk e ui(Rx, j —ﬁj)2

where, the average scores of items i and j are Ri and Rj, and Rk, j is the score of
user k on item i.

sim(@i, j) =

(4)

2. Generate recommendations: The user's prediction score for the item is calculated
by the method of weight summation. To ensure the predicted value within the de-
fined range, the weight sum is divided by the similarity sum of the similar items.
It’s calculated as:
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Zsimilar—items,n (SI n*Ru, n)
Zsimilar—items,n (|SI n|) 5)

where, Si,n is the degree of similarity between items i and n, and Ru,n is the score
of item n in the similar item set by the user u.

Pu,i:

3 Personalized Matching System of Management Teaching
Resources Based on Collaborative Filtering Algorithm

3.1 Establishment of user interest model

The establishment of user interest models, item matching and recommendation
output are the three main stages of the personalized matching system for management
teaching resources [15]. The user interest model is a formal algorithm-oriented de-
scription with a specific data structure. At this stage, the main tasks are obtaining and
maintaining user habits, needs, and interests. Thus, this stage is also the foundation
and core of the personalized matching system for management teaching resources.
The establishment of user interest model usually includes the tasks of data collection,
model representation, learning and updating.

Management teaching resources include related online courses, test paper materi-
als, test question banks, answers to frequently asked questions, literature and cases,
etc. Based on the online teaching platform, this paper takes the teacher and students as
the research objects. The student's learning information includes: name, gender, ma-
jor, and teaching level (undergraduate, graduate, and doctoral). Due to the wide range
of students ’interest, they may be also interested in non-major professional infor-
mation. Therefore, the student groups were divided into management professional
interest group and non-management professional interest group. The user's preference
for items was expressed by the user-item scoring matrix R(m,n).

3.2 Personalized matching process and algorithm design

Recommended process: As above, management teaching resources were classi-
fied into professional resources and non-professional resources, of which the latter
mainly refers to the resources that students are interested in, and the former includes
the resources of interest to students, boutique resources and the latest resources, as
shown in Fig. 1.
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Boutique resources

This professional
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Latest resources

Management
Teaching Resources
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Resources of
interest to students

Non-professional
resources

Resources of
interest to students

Fig. 1. Classification of teaching resources

Depending on the resources, the recommended method used will vary. Students
should have the highest access rate to resources in their major. To avoid the repetition
of same resources in different types of educational resources, the boutique resources
were recommended first in this study. The boutique resources refer to resources with
high evaluation scores. The system will compare and analyze these resources accord-
ing to the user's professional codes, and then recommend the boutique resources of
management to students. The system should continue to have new resources in order
to ensure that users can continuously learn new knowledge. The system uses the new
resources added by students within two login times and then recommends them to
students. Meanwhile, to avoid excessive pushing of new resources, a threshold N will
be set, so the number of pushed new resources will not exceed N.

Compared with the first two teaching resource recommendations, the resource rec-
ommendation of students’ interest considers the user's personalized needs and inter-
ests, which is also the focus of this study. Fig. 2 shows the specific process: first input
user-item evaluation matrix, and use the improved Pearson similarity algorithm to
calculate the similarity between items; then predict the score of unrated items based
on the user's evaluation of the item using the weighted sum method; among the man-
agement professional resources, select the N items with the highest ratings and that
are not in the rated set of items by the user as the recommended set.
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Enter user-item evaluation matrix

Calculate the similarity between
items

v

Predict the score of unrated items

v

Select N items as recommendation
sets based on user interests

End

Fig. 2. Teaching resource personalized matching recommendation process

Improved similarity calculation method: When the user score data is extremely
sparse, the nearest neighbor calculated by the traditional Pearson similarity algorithm
is inaccurate. To effectively avoid this problem, this paper improves the traditional
Pearson similarity algorithm by taking Ui and Uj as the user set evaluating i and j.
When calculating the similarity, first calculate the union of the user sets scored by
items i and j, as shown in formula (6):

Ui =UiuU; (6)

Hybrid personalized recommendation algorithm based on collaborative filter-
ing: In order to better achieve the personalized matching of management teaching
resources, this paper uses a hybrid recommendation algorithm (based on the item-user
collaborative filtering algorithm), and its process is shown in Fig. 3.
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Fig. 3. Process of hybrid collaborative filtering personalized recommendation algorithm

First, enter the user-item evaluation matrix R, then use the improved Pearson simi-
larity algorithm to calculate the similarity Sim(i, j) of items i and j, and select the top
N items with the maximum similarity to item k as the similarity set SIk, which is
stored in a certain database to be updated regularly.

Let the set of items rated by users u and i to be lui = lu Ui , lu, and li, the unrated
items in the set of items to be k, then user u's rating of item k can be predicted by the
similar set Slk of items in item k, as shown in formula (7). This is repeated continu-
ously to fill the scoring matrix. According to formula (8), the similarity between the
target users u and | was calculated to select the top N users with the largest similarity
to user u as their nearest neighbor set. The formula (9) was used to calculate the pre-
dicted score of item u by user u, and the top N items that were not in the set of rated
items by the user with a higher score were selected as the user's recommended set.

> 0 e aSim(k, n){(Ru.n—R)

Pu,kzﬁ-i- -
Zn e sIkSlm(k, n) (7)

Zk c m(Ri,k—ﬁ)(Ru,k—ﬁ)
\/Zke Iui(Ri,k—E)z\/Zke 1i(Ru, k — Ru)? @®)

5 __E+ZnENu3im(u,n)z(Rn,,--E)
u, ] —nu R
D" nenSim(u, n) ©

Sim(u,i) =
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3.3 Implementation of personalized matching engine

The “taste” provided by Apache Mahout can efficiently implement the CF algo-
rithm, and it is also convenient for users to define and implement their own recom-
mendation algorithm, which can meet the requirements of scalability and flexibility
for the recommendation engine in the personalized matching system for management
teaching resources. Therefore, this paper uses Apache Mahout to build a recommen-
dation engine. Fig. 4 shows the system login interface. Fig. 5 shows the recommenda-

tion results of teaching resources books for management majors.

System menu «

Personal center +

Announcement management
Teaching resource management
Courseware management

_ Book management
Problem Management

Job management
Feedback *

Fig. 5. Recommended results of teaching resources books for management majors

Welcome to the personalized
matching system of teaching

resources
User login

0524012

297a

Log im

Fig. 4. System login interface

Welcome to use this system
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School resources
Searchby fitle:  Management

Name Publishing house Author
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[] Management China Social Sciences Press Wu Zhaoyun et al
O Mamagoment University Peoss v
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Management e sty Press Stephen P Robbins
Management and Life g'fi.“'vtx‘:aﬂym;:m Paula Caproni

Search

734
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3.4 Evaluation of the algorithm

Experimental data set and evaluation standard: This study selects 300 students
of management majors in a college, records their learning process in detail, and col-
lects 1,375 evaluation data of 2,500 teaching resources from users. The experimental
data were then divided into two parts: training set and test set. The initial value of the
number was set to 2, increasing by 2 each time to test the change of the average abso-
lute error (MAE). In this way, the recommendation quality of the personalized match-
ing system of teaching resources was tested.

The MAE was selected as the evaluation standard. The smaller the MAE value, the
higher the recommended quality. It’s calculated as:

i MAE;
MAE =1L
m
Z| pi— Qi|
MAEi = 24—
n (10)

where, m is the number of all users, pi and i are the predicted score and the actual
user score respectively.

Analysis of experimental results: Fig. 6 compares the MAE values of the two
item-based CF algorithms. It can be seen from the figure that the improved CF algo-
rithm had a significantly lower MAE than the traditional CF algorithm; MAE of the
traditional algorithm gradually increased with the number of nearest neighbors, while
that of the improved CF algorithm gradually decreased, indicating that it can effec-
tively improve the recommendation quality.

0.86 0.86
XXX Improved project-based collaborative filtering algorithm ‘

Traditional project-based collaborative filtering algorithm

0854 0.85

0844 Z rrrrrrrrrr e 77 084
/? rrrrrrrrr Dl o /—0.83

go.sz-/ // /—0.82
0.81 / ~—~~~/—0.81

0.80 0.80
2 4 6 8 10
Number of nearest neighbors

Fig. 6. Comparison of MAE values of two item-based collaborative filtering algorithms
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Fig. 7 compares the MAE values of the three CF algorithms. It can be seen from
the figure that the MAE value of the hybrid CF algorithm gradually decreased with
the increase of the number of nearest neighbors, while that of the other two algorithms
gradually decreased first and then increased; with the same number of nearest neigh-
bors, the MAE value of the hybrid algorithm was smaller than the other two algo-
rithms. The experimental results showed that the quality of the hybrid collaborative
filtering is better than the item-based and user-based CF algorithm.

0.87 0.87
/1 Project-based collaborative filtering algorithm |
0.86 N\XJ User-based collaborative filtering algorithm 0.86
' B Hybrid collaborative filtering algorithm '
0.85 +----- § ————————————————————————————————————————————————————————————————————————————— 0.85
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] XX 1909958 iototed oSl
3 S oo )
S8 5 38
0.81 4 PN - At - N RN ? ANt 0.81
%] 30 5] ]
ot SR & 5
| K] 8950598 ool %54
K] ooy 5551 ]
e X R )
0.80 0.80

2 4 6 8 10
Number of nearest neighbors

Fig. 7. Comparison of MAE values of three collaborative filtering algorithms

Fig. 8 shows the results of the learners’ satisfaction survey. It can be seen that most
learners are satisfied with the personalized matching system of management teaching
resources based on CF algorithm, indicating that the system can meet the learners’
personalized learning to a certain extent, and have a certain recommendation effect,
but a small number of learners are still dissatisfied with the system, indicating that the
system still needs to be continuously improved according to the needs of learners in
the future.
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Fig. 8. Learner satisfaction

4 Conclusion

This paper applies the recommendation technology to the management teaching,
and studies the personalized matching system of management teaching resources
based on the CF algorithm. The specific conclusions are as follows:

1. According to the teaching needs of management, the recommendation process of
the personalized matching system for management teaching resources based on CF
algorithm was designed in detail, and the traditional Pearson similarity algorithm
was improved.

2. In order to realize the functions of the personalized matching system, a recommen-
dation engine based on Apache Mahout was constructed.

3. The experiment was conducted to analyze the recommendation quality of the per-
sonalized matching system for management teaching resources. It’s concluded that
the improved CF algorithm and the personalized matching system proposed in this
paper can achieve good results in the personalized recommendation for users.
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