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Abstract 
In this article, we propose a framework for tutoring assistance that aims to tackle increasing student 
dropout rates. Student dropouts in higher education institutions, such as universities, often result in an 
increase in tutors’ workload. Currently, educational assistance is focused on supporting the students’ 
learning, and the main purpose of this assistance is an acceleration of the learning process. Although 
student assistance is undoubtedly of great importance, offering assistance to teachers who also have 
a tutoring role is equally important. The purpose of our framework for assistance is to detect students 
at risk for dropout, after which an alert is sent to the tutors. The alert encourages tutors to take timely 
action to avoid student dropouts. In this paper, we describe the proposed framework design, its 
experimental use, and the results. 
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1 INTRODUCTION 
Japan has over 1,100 higher education institutions, including universities and junior colleges [1]. The 
total number of private universities is about four times the number of national and public universities. 
This means that there are currently too many universities in Japan. Due to a declining birth rate in the 
country, 40% of private university spots have not been filled. Students at these private universities are 
often not attending their first-choice schools; thus, their motivation to study is generally low. Because 
of this, students often fail to graduate, which results in high dropout rates. 

In order to address this problem, most Japanese universities are offering their students a tutoring 
program. The tutors are generally selected among high-achieving senior and graduate students. 
However, it is not always easy to secure a sufficient number of tutors. At some universities, teachers 
may also serve as tutors and mentors for the students. Since teachers already have many 
responsibilities to fulfill in their primary role, it becomes difficult to also adequately fulfill the role of 
being a tutor. One way of alleviating the strain on the universities’ tutoring programs, would be to 
detect students’ abnormal behavior based on class attendance and their own learning history in order 
to provide appropriate instruction to the students via their tutors, thus making tutoring more effective 
and preventing student dropouts in time. 

In this research, we propose a tutoring assistance framework for teachers. Machine learning is used to 
determine the students’ learning history as well as their class attendance status, accumulated 
academic credit acquisition status, and overall dropout risk. When it is determined that the probability 
of a student dropping out is increasing, the teacher receives a notification via the framework. The 
teacher can then provide remedial instructions directly focused on supporting the student who is falling 
behind. As a result, students’ necessities can be addressed at an early stage, and the possibility of 
dropping out is reduced. The proposed framework does not support detected students directly; rather, 
it provides class management awareness for teachers who also have tutoring duties. 

We first describe the current state of Japanese higher education, especially at private universities, as 
well as the difficulties encountered in keeping students motivated. Second, we review related studies, 
addressing the benefits of using the student assistance framework to maintain student motivation and 
to support tutors. Third, we present the design for the proposed assistance framework for tutors, which 
uses data from student learning history and machine learning analytics. Finally, we describe the 
results achieved with the experimental use of the prototype, and we present the effectiveness of 
tutoring based on the assistance framework. 
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2 PROBLEMS OF JAPANESE HIGHER EDUCATION AND RELATED STUDY 
The number of higher education institutions in Japan continues to increase. Between 2000 and 2018, 
130 universities (mainly private) were inaugurated. On the other hand, within the same period, the 
number of students enrolled in national, public and private universities, as well as junior colleges, 
remained stable at around 3 million. The number of high school students, however, has seen a sharp 
decrease of 23% in 18 years: from approximately 4.16 million in 2000 to 3.23 million in 2018. The 
university entrance ratio, including universities and junior colleges, was 30.6% in 1990. In 2018, the 
ratio is 54.8%. The university entrance ratio exceeded 50% in 2007 for the first time and has remained 
steady ever since [1]. These facts indicate that it became easier to enter university, with the exception 
of high-end universities. 

Although the number of high school graduates has been decreasing significantly over the years, the 
number of universities has increased. Therefore, many private universities are unable to fill the 
available spots. As the T-score required for admission to private universities is lower, the dropout rate 
tends to be higher [2]. For this reason, identifying students who risk dropping out at an early stage is 
important, especially in the case of universities with low entry levels. 

In searching for ways to solve the problem presented above, we have found some studies that show 
dropout prevention based on analytics of students’ learning history.  For instance, there is a system 
that aims to reduce the workload for mentors supporting students by using e-learning [3]. Whereas this 
research also aims to reduce the workload on mentors, its main purpose is to support learners’ 
learning activity. In another study, students are reminded through a notification to perform Self-
Regulated Learning using an e-Learning environment [4].  The aim is to provide support to students 
during their learning process, not to avert the risk of dropping out. 

Naturally, these studies are effective in terms of the support offered to students with their learning. 
However, it is sometimes difficult to reach students with below-average T-scores through the 
assistance system. Sometimes they do not accept the notifications, because it is not recognized for 
themselves. For these students, direct support from tutors is very important to detect dropout risk. In 
addition, the task is wide-ranging: from paying attention to the frequency of class attendance, to 
showing interest in daily life and human relations. Most teachers who assume the role of tutor are 
busy with tutoring work and do not have time for adequate class preparation and research activities. 
As a result, it becomes difficult to ensure the quality of education. 

3 DESIGNING OF STUDENT TUTORING ASSISTANCE FRAMEWORK 
In this section, we describe the student tutoring assistance framework and its design. Fig. 1 shows the 
proposed student tutoring assistance framework. Under the Learning Management System (LMS), we 
see the learners’ login frequency, the login time slot, and the course material utilization frequency. 
Under Grade Processing System, the learners’ examination results, record of attendance, and status 
of enrolment in university are stored. 

In the Tutoring Assistance System (TAS), machine learning is used to analyse the learning history and 
enrolment/withdrawal situation. The TAS is used to detect potential student dropout. When the TAS 
detects a potential dropout, it generates an alert to the teacher. The teacher, fulfilling the role of tutor, 
receives an alert of a possible student dropout and can then take action to prevent dropout. 

This system does not directly assist a student at risk for dropout. Instead, the teacher provides 
assistance to prevent dropout. Since direct notifications sent by some assistance systems to students 
can sometimes be ignored, it is difficult to effectively prevent student dropouts using this method. 
Therefore, the approach of this framework is to support teachers by using alerts and notifications to 
indicate the existing risk of dropout, and subsequently ensuring that to the student who may potentially 
dropout is assisted by the teacher directly. As a result, it is possible to prevent students who may 
dropout from being overlooked. In addition, the burden on tutors can be reduced. 
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Figure 1. Student Tutoring Assistance Framework. 

4 EXPERIMENTAL USE AND RESULTS 
In this section, we describe the configuration of the prototype implementation for dropout risk detection. 
Subsequently, we describe the results of the experimental use. 

4.1 Prototype Implementation of Dropout Risk Detection 
We implemented a neural network to detect potential student dropout. The aim of this neural network 
implementation was to judge the effectiveness of the proposed framework. Fig. 2 shows a prototype 
neural network implementation for dropout risk detection. This network is based on feedforward neural 
network for binary classification. We believe dropout detection to be a simple binary classification 
problem, because “dropout” and “non-dropout” are incompatible conditions. Therefore, a binary 
classifier is ideal to address the problem. 

 
Figure 2. Prototype Neural Network Implementation for dropout risk detection. 
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This prototype binary classifier was built based on Keras and TensorFlow [5][6]. 

4.2 Results of Experimental Use 
In this section, we describe the results of experimental use. The framework was tested to confirm its 
effectiveness. Table 1 shows the specifications of the computer on which the dropout risk detection 
user test was performed. Table 2 shows the condition of training dataset and testing dataset 
generation. 

Table 1. Computer Specification of Risk Detection Processing. 

CPU Specification Intel Core i7-3770K 3.5GHz 

System Memory Capacity 32.0Gbytes 

GPU Specification NVIDIA GeForce 1080 Ti with 11.0Gbytes Memory 

Operating System Ubuntu 18.04 LTS 64bit edition 

Table 2. Condition of Training and Testing Dataset Generation. 

Dataset Condition 

Login Frequency Random, Data range 0 to 15 

Course Material Utilization Frequency Random, Data range 0 to 15 

Examination Score 1 and 2 Normal Distribution, AVG=70, SD=10 

Attendance Frequency Random, Data range 0 to 15 

We generated a training dataset with 10,000 samples. Under ordinary circumstances, the training 
dataset used to train the neural network would use actual data, such as students’ learning history in 
LMS.  

The values for Login Frequency, Course Material Utilization Frequency, and Attendance Frequency 
were randomly generated, and these data ranged from 0 to 15. Usually, classes are open for 
enrolment 15 times per semester. It was assumed that the distribution of the results follows a normal 
distribution pattern, with an average of 70 points and a standard deviation of 10. The ideal dataset for 
training processing must be used for this purpose. We trained the binary classifier based on the neural 
network used by the generated training dataset. 

100 testing datasets were generated randomly, following the correct range; subsequently, they were 
judged true or false by the trained binary classifier. Of these test samples, 57 were found to be true. 
Thus, the correct answer rate is 57%. We consider this result to be satisfactory for our purpose. The 
main purpose of this study is to reduce the tutor’s workload. Of course, we need greater accuracy to 
be able to provide better assistance. For this purpose, we will try to optimize this binary classifier. 

5 CONCLUSIONS 
In this paper, we proposed a student tutoring assistance framework. In particular, we described the 
importance of detecting the potential student dropout risk. We proposed a binary classifier based on 
feedforward neural network as a method to detect potential student dropout. Finally, we built the 
prototype implementation for detection, and the results of experimental use were set out in this article. 

This framework is still at an early stage of development.  However, we think this framework and the 
results of the experimental use can encourage action to avoid potential student dropout. 
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