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Abstract  
A constant concern of the Brazilian Ministry of Health is to encourage students and health 
professionals to improve their skills. To deal with these challenges, in 2010, the UNA-SUS (Open 
University of SUS) was created. UNA-SUS is composed by 35 universities, which work in a 
collaborative way producing and offering free courses on web-based distance learning. In this paper 
we propose and develop an approach to determine the recommendation rank of health courses for 
students and professional  from UNA-SUS, promoting their continuous education. The 
recommendations are  based on learners course registration history, exploring similarities among 
users preferences and courses. With this project we intend to provide easier access to educational 
resources from UNA-SUS that Brazilian health care personnel need to be their best. In our 
experiments, we observed that it is possible to use the cosine similarity technique to observe semantic 
distances between courses, where we can recommend courses with an accuracy above 51%. 

Keywords: Recommender System, Continuous Education, UNA-SUS Amazônia, Educational Courses 
in Health.  

1 INTRODUCTION  
Brazilian Unified Health System (SUS) is one of the largest public health systems in the world [1]. It 
ranges from simple outpatient care to organ transplants, ensuring full access, universal and free for all 
the population of Brazil. Supported by an expanded concept of health, SUS was created in 1988 by 
the Brazilian Federal Constitution to be the health system of more than 180 million Brazilians [1]. 
According to [2], there are many challenges on SUS. It is up to the government to adopt strategies 
aimed at solving problems arising from this large and complex system. 

A constant concern of the Brazilian Ministry of Health is to encourage SUS health personnel 
continuous education in order to improve their professional skills. Such improvement is seen as a 
means of transforming the practices of education and training, attention, management, policy 
formation, popular participation and social control in the Brazilian health sector. 

To deal with these challenges, in 2010, the UNA-SUS (SUS Open University) was created by the 
Brazilian Ministry Health. The UNA-SUS aims meet the training and continuous education needs of 
health professionals (doctors, nurses, dentists, etc.) operating in SUS  [3]. It  is composed of three 
structures elements: 35 Universities, which work in a collaborative way producing and offering free 
courses in UNA-SUS network; a collection of health education resources (ARES), where all the 
educational contents produced by UNA-SUS are made available; and the AROUCA platform, a web 
system which concentrates educational and professional data from SUS professionals[4]. 

Due to the great territorial extension, the continuous education of health personnel in Brazil consists of 
a very peculiar scenario: many professionals work in distant regions of the training centers and find 
difficulty in healing their demands of professional development. This is why the universities that make 
up the UNA-SUS network produce and periodically proffer training and specialization courses that can 
be done for free through web-based distance education mode. In addition to meeting the demand for 
professional development, UNA-SUS is intended to cover the largest possible number of professionals 
and thus promote their continuous education, providing educational and training resources that health 
care personnel need to be their best. 

Currently, the dissemination of the courses offered by the UNA-SUS network is done through 
advertisement on websites and posts in social networks. The most common way to enroll in courses is 
when a professional has the initiative to look for courses in AROUCA, that interest him/her. In order to 



expand the dissemination about offered courses and its applications, considering the amount of 
courses offered by the UNA-SUS network and the common use of computer-mediated education, we 
propose to develop a recommendation system to suggest courses to health personnel. In this paper 
we aim to compute automatic recommendations to an active learner of UNA-SUS based on their 
course registration history, trying to  exploring similarities among users preferences and courses. 

Recommended Systems are software that determines which items (products) should be shown to a 
particular user. They combine several sources of information about items (products to recommend) 
and clients (person who will receive the recommendation) [5]. Different combination of data mining 
techniques are applied between different objects (O) and customers (C), in order to suggest good 
objects. The big challenge of the recommendation problem is to answer the following question: what is 
a good object o for a client c? 

To the health personnel, the proposed recommendation system is a tool that will stimulate their 
continuous education. As a consequence, we expect a better qualification of the target audience, 
especially those who work in distant areas far from education centers. 

The main contributions of this article are: 1. development of an approach for recommending health 
courses based on similarity items. 2 use of computer-based system to promote the continuous 
education on health area in Brazil. 3. use of technological resources on health area in order to notify 
Brazilian professional about courses offered by UNA-SUS network. 

In this paper, we propose to develop a recommender systems to suggest courses to personnel health 
from SUS. In Section 2 we describe some studies that use recommender systems on different areas. 
Then, in Section 3 we describe the methodology used to develop the system. In Section 4, the results 
achieved are discussed. Finally, in Section 5 the conclusion and future work is are presented. 

2 RELATED WORKS 
The recommendation systems have been shown to be useful in a number of areas, whether to 
recommend restaurants, tourist attractions, business opportunities, or even courses or educational 
objects ([6], [7], [8]). In this sense, briefly described below are some examples in which 
recommendation systems were applied, each applied to different objectives and through different 
methods: 

LARS (Location-Aware Recommender System) is a recommendation system designed to indicate 
places to users, places such as restaurants. Basically, the recommendations are based on the 
evaluation of other users about location, and the user's own preferences, expressed by their 
evaluations referring to other locations. In addition to evaluations, LARS also considers the user's 
proximity to the locations that will be recommended. According to the authors' analysis, LARS appears 
to be twice as accurate in its recommendations when compared to other recommendation systems of 
already existing locations [7]. In this same line of reasoning, Bao, Zheng and Mokbel [9], develop a 
recommendation system with the same purpose of LARS, aiming to suggest to its users, places that 
may interest them. In this last example, the system is based on the user's location history and the 
opinion of local experts. 

Smart BizSeeker is a system designed to customize the user experience that seek for business 
partners, specifically small and medium businesses. This recommendation system is based, in 
addition to other factors, on semantic similarity, such as the recommendation system object of this 
study [8]. 

In education area, such as the system presented in this study, there are many examples of systems of 
recommendation. The intelligent mobile location-aware book recommendation system (IMLBRS) is a 
system developed not only to recommend books, but also favors problem-solving teaching (PBL) in an 
online environment. According to what is described by the authors, the developed system allows 
better learning on the part of the students [10]. Finally, the student recommendation system, 
developed in Thailand, is based on the history of university students to recommend the appropriate 
courses for each student profile, in order to increase the chances of student success [6]. 



3 METHODOLOGY 
This section describe the propose architecture of UNA-SUS recommender system (Fig. 1). Its goal is 
to recommend courses based on users course registration history and users interesting area. To 
achieve this goal, we follow these steps: 

1. To select and to provide the correct data information source as input to the recommender 
system; 

2. Build recommendations; 

3. Persist  the recommendations in an appropriate data collection. 

 

 
Figure 1. Propose architecture of UNA-SUS recommender. 

 

3.1 Select Data Source for Recommendation 
The dataset used by the recommendations systems have direct influence on what kind of content is 
recommended to the user. To ensure greater accuracy and efficiency, the recommender system data 
input comes from PPMC AROUCA database (course monitoring worksheet from AROUCA). The data 
needed for this first phase of the project are: courses names and the users versus courses enrolled 
relation.  

AROUCA is a web platform responsible for storing and providing information regarding courses 
offered by UNA-SUS network and courses already performed by health personnel from SUS. It is 
worth mentioning that these service maintains the reliability and security of the data, protecting all user 
information and requesting user recognition to sign in. According to this scenarios, it is impossibility 
external not authorized requests for data about Brazilian health professionals.  

The database used has, approximately, 1 million records about professionals who have enrolled the 
network courses.  
 

3.2 Build recommendations 
The recommender systems combine several computational techniques to select personalized items 
based on users interests and according to the context in which they are inserting [11]. In this context, 
in order to construct the recommendations, the provided data are initially preprocessed to identify 
similarity. In this first phase of the project, we use techniques that allow to group similar courses 
(items), intending to recognize which interesting courses have not been performed by AROUCA users 
yet, based on users course registration history and users interest professional area.  



 
Figure 2. Cosine Similarity. 

To reach this goal, we initially used the cosine-similarity measure. Its definition describes that this 
technique can be used to calculate the distance between two points (vectors) (Fig. 2) [11]. 
Mathematically, we can represent its write as illustrated in Equation 1: 

  . 

Equation 1. Cosine Similarity Equation. 

 

Where A and B are numerical vectors representing the courses in our database. This technique 
returns as output similarity values between [0-1], where a value close to 0 indicates orthogonally (no 
correlation) and a value close to 1 indicates similarity of items [12]. After performing the similarity 
calculation for each item, we have a similarity matrix that is used by the recommendation agent to 
identify which items should be recommended to users. 

The recommendation agent in its first version uses technologies that allow create automatically 
recommendations from the provided similarity matrix. For this purpose, the following technologies 
were selected: 

● Python - Is a programming language that lets programmers work with computational 
structures that help in the development of statistical inference applications. Python is 
developed under an OSI-approved open source license, making it freely usable and 
distributable, even for commercial use [13]; 

● Pandas - Python Data Analysis Library is an open source library, provides high-performance, 
easy-to-use data structures and data analysis tools for the Python programming language 
[14]. It is used to manipulate the similarity matrix in computer main memory (RAM); 

● SciPy - Scientific Computing Tools for Python is a collection of open source software for 
scientific computing in Python. The SciPy library provide many numerical routines [15]. It is 
used by the recommendation system to execute statistical and mathematical computing. 

The inference by the recommendation agent is made by querying the database,  
trying to identify which users have not yet enrolled in the courses that were recommended. 
 
In summary, a course c and a list L of courses similar to c are selected. The elements of this list are 
obtained from the similarity matrix. L= {cs1, cs2, cs3, .., csn}, where: cs1, course most similar to c; cs2, the 
second course most similar to c, and csn, the nth course most similar to c. For each csi course (1 ≤ i ≤ 
n) of the L list, we query which users who have enrolled the selected course c and have not enrolled 
the course csi similar to c. 

http://www.python.org/
https://www.scipy.org/scipylib/index.html


 
With this, we form user sets as shown in Fig. 3 and the course recommendations are generated to 
users. 
 

Table 1. Record Exemple. 

User Id Course Id Similarity Score 

33212 1 0,965 

 

All users/courses that are recognized by the recommendation agent become a recommendation 
record in Recommendation Database (Table 1). These records consist of the following information:  

● User Id - Field in the database that stores the user ID (client) that will receive the 
recommendation. 

● Course Id - Field in the database that stores the course ID to be recommended to User Id. 

● Similarity Score - Field that stores the degree of recommendation [0,1] of the Course Id 
element for User Id. 

 

 

 
Figure 3. Behavior performed by the agent. 

 

 

3.3 Persist the recommendations 
All the information that is recognized by the agent is stored into a database, whose purpose is to store 
the recommendations that should appear to the users. For this storage, the PostgreSQL database is 
used [16]. This step, allow that other applications can consume these data and apply in your platform. 
We final aim is produce a mobile application that allow to show this recommendations for the users. 

4 RESULTS 
 
Aiming to perform the experiments to generate the courses recommendations, it was first necessary to 
represent the courses performed and those not performed by the professionals in a numerical way, 
since the performance of the similarity calculation algorithm adopted (cosine) demonstrates better 
classification results when numerical data are manipulated. 

Next, the records from the PPMC AROUCA database were transformed into a numeric matrix, where 
each row represents a user and each column represents the mapped courses. 



To fill the matrix, the following value convention was adopted: 1 indicates that the user enrolled in the 
course and 0 indicates that a user does not enroll in a given course. With this, a form of representation 
was generated for each user in the database. After this transformation, the cosine similarity was 
calculated in this numerical matrix, generating the similarity matrix. Then, at the end of the execution 
of the similarity analysis process, all recommendations were generated. 

As a result, a list of users and theirs five recommended courses are generated. The recommendations 
are ordered from the most similar (1) at least similar (0). The five most similar courses were defined, 
since experiments showed that courses ranked after the fifth element have similarity of less than 50% 
(As shown in Fig. 4). 

  
Figure 4. Labelled Heat Map that represents Similar Courses. 

 

In Table 2, the courses description shown in Fig. 4 are represented.  

 

 

Table 2. List of Similar Courses. 

 Course Description 
(Portuguese) 

Course Description (English) 

C1 Terapia Renal Substitutiva Renal Therapy 
 

C2 Abordagem Farmacêutica na 
DRC (Doença Renal Crônica) 

CKD (Chronic Kidney 
Disease) Pharmaceutical 

Approach 
C3 Abordagem Nutricional do 

Paciente com DRC 
Nutritional Approach CKD 

Patient 
C4 Diagnóstico da DRC Diagnosis of the CKD 
C5 Manejo Clínico de Paciente 

com DRC – Módulo Básico 
Clinical Management of 

Patients with CKD - Basic 
Module 

C6 Identificação dos Grupos de 
Risco Para Doenças Renais 

Crônicos 

Identification of Risk Groups 
for Chronic Kidney Diseases 

 
C7 Identificação de Casos de 

Dengue 
Dengue Cases Identification 

 

 



5 CONCLUSIONS 
In this paper, we presented a methodology to develop a course recommendation approach for users 
of the UNA-SUS network. As a qualitative objective, it is expected that: 1. users become loyal to the 
network; 2. to conquer new users; 3. to increase the technical quality of the users. Initially, 5 new 
courses are recommended for each user enrolled in the network. These recommendations have an 
accuracy value above 51%, making it possible to adopt the method described here as a course 
recommendation system. 

We can also conclude that the approach developed here will help the Brazilian Government to deal 
with some challenges that arises from the large and complex system SUS: to encourage students and 
health professionals to improve their skills. 

As future work, other methods will be used to analyze the similarity of items such as neural networks, 
machine learning methods and embedding techniques [17]. Also, more effective solution techniques 
for the cold start problem will be developed and analyzed (arrival of new users in the system). 
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