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ABSTRACT 

This article presents a systemic review of the state of the art of academic performance, base sources to carry out the 

forecast of academic performance of undergraduate students of public universities, through tools such as time series and 

Machine Learning. An analysis of the results obtained in preliminary research, a review of scientific literature, books, 

research, publications in professional journals in the statistical and educational field is presented, through the use of 

research tools such as Scopus, Google Scholar, Springer, and Mendeley, among others. 
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INTRODUCTION 

Academic performance is associated with the academic situation with the cultural and academic capital with which 

students enter higher education, which directly influences their subsequent performance and is the determining 

factor for dropping out of studies (Ministry of National Education of Colombia, 2008). 

The studies carried out regarding recent years' problems regarding the significant growth in dropout levels 

by students of Higher Education courses at different universities are presented in Colombia and other countries. An 

analysis is made of the numerous studies on academic performance as publications in statistical and educational 

journals. 

In recent years, in Colombia's education environment, significant growth in dropout rates has been 

evidenced by students of Higher Education courses. So much so that the study of this problem has begun from 

different national universities such as the University of Antioquia and the University of the Andes, who have taken 

as a reference the academic information contained in the SPADIES Information System (open data) that them It has 

made it possible to establish different categories to analyze the causes of student dropout. 

According to the results of the research carried out in Colombia, it is shown that the main factor of 

dropping out of higher education studies is due to the academic situation, associated with the potential or cultural 

and academic capital with which students enter higher education. According to the study carried out by the Ministry 

of National Education for the year 2008, that directly influences their subsequent performance about student 

desertion in Colombian higher education (Ministry of National Education of Colombia, 2008). 
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The incursion of technology in education to maximize the learning experience and related aspects has started the 

establishment of technology-enhanced learning (TEL - Technology-enhanced learning), and within this, various concepts 

related to analytics in the field have been limited of education, such as data mining for education (EDM - Educational Data 

Mining), academic analytics (AA - Academic Analytics), and learning analytics (LA - Learning Analytics). Concepts that 

go hand in hand with machine learning or Machine Learning. These concepts convert educational data into useful 

information that allows taking previous teaching or activities to promote teaching and learning. At present, in the 

educational field, we are beginning to speak of Machine Learning, defined as the science that uses algorithms to say 

something interesting based on a set of data without having to write any specific code for the problem in question. This 

field has several ways of classifying it, including Supervised Learning, Unsupervised Learning. Machine Learning applied 

to education according to (Dyckhoff et al., 2020), 'Design and implementation of a learning analytics toolkit for teachers,' 

can be defined as the measurement, collection, analysis, and dissemination of data on educational actors, with the purpose 

of understanding and optimizing related aspects of the teaching-learning process. 

Methodology 

For the realization of this article, a review of scientific literature, books, research, publications in professional journals in 

the statistical and educational field of the concept’s Academic performance, Time series, and Machine Learning was 

carried out, through the use of research tools such as Scopus, Google Scholar, Springer, and Mendeley, among others, in a 

period from 2000 to 2020.  Around 80 selected articles were evaluated as those that best fit the ongoing research. After the 

collection and organization of the selected papers, a consolidation of the information obtained is made for both the Time 

Series tool and Machine Learning and the two merged tools; taking variables such as techniques used, sample size, number 

of variables defined in the investigations, better results, and software used. It is how qualitative and quantitative data are 

obtained taking advantage of this information; it is proposed to use the mixed methodology research design, postulated by 

(Cresweel, 2014) who argues that the combination of this type of data provides a strong understanding of the problem, it is 

a new research methodology. 

The tables with the consolidated information are attached in this article and, from them, the bibliometric and 

density graphs are obtained, as can be seen in Table 1, which allow ratifying the development of the project because Very 

few investigations have been worked together with Time Series and Machine Learning for the diagnosis and prognosis of 

academic performance as proposed in the present study. 

 
Figure 1: Network visualization by concepts. Source: Authors 
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State of Art 

In the present state of the art, the emphasis is placed on the concepts of Academic Performance, Time Series, and Machine 

Learning. 

According to the results of studies carried out to monitor student dropout in higher education, the main factor for 

dropping out, specifically in Colombia, is the academic situation. It may be associated with the potential or cultural and 

academic capital with which students enter higher education, which directly influences their subsequent performance, 

according to the study carried out by (Ministry of National Education of Colombia, 2008). 

Academic performance 

Many academic performance concepts mention aspects such as school performance, school aptitude, or school aptitude; in 

other concepts, reference is made to evaluate the school's knowledge, tertiary or university environment. A student with 

satisfactory academic performance obtains positive marks in the exams that he must take throughout a course. According 

to (Jiménez 1995), school performance is a "level of knowledge demonstrated in an area or subject compared to the age 

norm and academic level." 

A student with satisfactory academic performance is the one who obtains positive grades on her tests throughout a 

school term. It is a measure of the student's abilities; it expresses what she has learned throughout the training process; it 

also assumes the student's ability to respond to educational stimuli. In this sense, academic performance is linked to 

aptitude (Pérez Porto & Gardey, 2008). 

According to (Castaño, E., Gallón, S, Gómez, K. & Vásquez, 2004) the literature review carried out, some studies 

highlight the institutional perspective and the different variables (institutional, socio-economic, academic and personal) 

that are analyzed independently and not as a set of factors that determine the decision to drop out. Authors and perspectives 

are summarized in the following graphic: 

 
Figure 2: State of the art of the determinants of student dropout. Source: (Castaño, E., Gallón, S, Gómez, K. & 

Vásquez, 2004) 

 



582                                                                            John Felipe Galvis, Hector Javier Fuentes Lopez & José Ignacio Rodríguez 

Molano 

 
Impact Factor (JCC): 9.6246                                                                                                                                    NAAS Rating: 3.11 

Other studies such as "Statistical methods applied to the analysis of dropout and academic performance of 

students from three faculties of the National University of Córdoba" (Rosanna Casini, Mariana V. González & Giuliodori, 

2012), the main variables were regression, duration studies, performance, delay, and dropout, applied multivariate 

statistical methods to predict dropout and academic performance of students. 

For their part, (Barber & Sharkey, 2012) applied predictive analysis techniques to a large group of student data to 

predict when a student will fail a course or not. On the other hand, in the work of (Trevizán et al., 2010), the variables that 

condition the dropout and retention during the students' university period were determined.The research carried out 

(Statistical study about the student desertion of the Espol: The Case of the Engineering Faculties, 2005), to know the 

general characteristics of the deserter and the reasons that led him to withdraw from the Engineering Faculties, within its 

results, it was known that 10.59% of the total of students who entered the Engineering Faculties in the period 1993 - 2002 

(5240 students), dropped out of them. 

The study that estimated the "Determinants of academic performance and student dropout, in the Economics 

program of the Pontificia Universidad Javeriana of Cali" (Girón Cruz & González Gómez, 2005) was done from the 

collection of information through surveys applied to the population of active students and dropouts. They used one-

dimensional and two-dimensional descriptive statistical methods and their multivariate statistics methods; their results 

showed that family support and previous academic performance influenced attrition.  

The analysis of academic performance is and will be relevant for the improvement of educational quality, for 

which the studies that have been carried out have been both theoretical and empirical across various fields. As it could be 

observed, there is vast knowledge on the subject of academic performance due to the amount of research carried out both 

nationally and internationally; Below is a consolidated list of some of them: 

Table 1: Consolidated research on Academic Performance. Source: authors 

Year Title Author Abstract 

1976 Academic achievement, intelligence, 

and creativity: a regression surface 
analysis 

K Marjoribanks To examine the relationships between 

intelligence, creativity and academic 
performance measures to construct regression 

surfaces, complex multiple regression models 

were used 

1995 Social competence: preventive 

intervention at school 

Jiménez M This article presents the importance of adequate 

interpersonal relationships in childhood, so that 

their lack is one of the most important 

predictors of current and subsequent 

maladjustment. 

1996 A Meta-Analysis of Gender 

Differences in Applied Statistics 

Achievement 

C. Schram This meta-analysis of gender differences 

examines statistical achievements in 

postsecondary psychology, education, and 

business courses. 

2004 University student dropout: an 

application of duration models 

Castaño, E., Gallón, 

S, Gómez, K. & 

Vásquez, J. 

The problem of student desertion at the 

University of Antioquia is analyzed 

2005 Statistical study on student dropout 

from Espol: the case of engineering 

faculties 

M. Chávez, 

Gaudencio 

General characteristics of the deserter and the 

reasons that led him to withdraw from the 

Faculties of Engineering 

2005 Determinants of academic 

performance and student dropout, in 

the Economics program of the 

Pontificia Universidad Javeriana de 

Girón Cruz Luis E., 

González Daniel 

Analysis of both the determinants and the 

evolution of academic performance and student 

dropout 
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Cali 

2006 Prediction of university academic 

performance 

J Rubia Study of the relationship of academic 

performance with intellectual capacity, 

alexithymia as an indicator of emotional 
intelligence, mental health and 

sociodemographic variables 

2007 Factors associated with academic 

performance in university students, a 

reflection from the quality of public 

higher education Introduction Latina 

experienced, in the 1990s, 

María Guiselle, 

Vargas Garbanzo 

Review of research findings that are indicated 

as possible factors associated with academic 

performance in university students, and their 

link with the quality of public higher education 

in general 

2008 Student dropout in Colombian higher 

education 

Ministerio de 

Educación Nacional 

de Colombia 

Good diagnoses do not guarantee the solution of 

problems, but locating them correctly, 

understanding them in their relationships and 

identifying causes is a necessary condition. 

2009 Variables that condition dropout and 

retention during the university 

journey of students of the Agronomic 

Engineering career at the National 
University of Rosario 

Trevizán Alberto, 

Beltrán Celina, 

Cosolito Patricia 

Determination of the variables that condition the 

dropout and retention during the university 

period of students 

2010 Data mining model for higher 

education system 

S. Ayesha, T 

Mustafa, A. Raza 

Sattar, M.I. Khan 

The data mining technique called k-means 

grouping is applied to analyze the learning 

behavior of students. 

2011 Factors that influence the academic 

performance of the university student 

S. David When analyzing academic performance, 

environmental factors such as family, society, 

extracurricular activities, and the student 

environment should be assessed. 

2011 The Causal Effect of Class Size on 

Academic Achievement: Multivariate 

Instrumental Variable Estimators 

With Data Missing at Random 

Shin & Raudenbush Review of research findings that are indicated 

as possible factors associated with academic 

performance in university students, and their 

link with the quality of public higher education 

in general 

2012 Course correction: Using analytics to 

predict course success 

Barber Rebecca, 

Sharkey Mike 

Good diagnoses do not guarantee the solution of 

problems, but locating them correctly, 
understanding them in their relationships and 

identifying causes is a necessary condition. 

2012 Impact factors on university academic 

performance. A study based on 

students' perceptions. 

C Vásquez, M 

Cavallo, S Aparicio 

et. Al 

Determination of the variables that condition the 

dropout and retention during the university 

period of students 

2013 Modeling engineering student 

academic performance using 

academic analytics 

S. Palmer The data mining technique called k-means 

grouping is applied to analyze the learning 

behavior of students. 

2014 Institutional quality and academic 

performance: The case of the 

Colombian Caribbean universities 

G Rodríguez, M 

Ariza, JL Ramos 

When analyzing academic performance, 

environmental factors such as family, society, 

extracurricular activities, and the student 

environment should be assessed. 

2015 Low academic performance at the 
Francisco José de Caldas District 

University 

Estrada, J., & 
Quintero, R. 

Research results corresponding to the behavior 
of the rate of students that each semester incur 

an academic test at the University. 

2016 Construction of a model to determine 

the academic performance of students 

based on learning analytics, through 

the use of multivariate techniques 

García Tinisaray, 

Daysi Karina   

Use learning analysis to identify the factors and 

covariates that influence the academic 

performance of university students, and build a 

multivariate model 
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2017 Strategies to reduce university 

dropouts through time series and 

Multipol, 

RJ Martelo, KC 

Herrera, N 

Villabona 

Implementation of the time series and 

MULTIPOL techniques to establish and 

evaluate strategies to reduce attrition in the 

Business Administration program of the 

University of Cartagena 

2017 Incidence of teaching strategies in 

university student dropout 

Urrutia, Erick 

Orlando 

Determine the dropout rate, the main causes for 

which the student drops out,  

2017 Predicting First Year University 
Students ’Academic Success 

A.Olani Measures of previous academic redemption 
(mean university access score, PPA), aptitude 

test scores, selectivity mark and psychological 

variables to predict their average mark for the 

first year of the degree 

2017 Emotional Intelligence and its 

Relationship with Gender, Academic 

Performance and Intellectual Capacity 

of University Students 

M Valadez, M 

Borges del Rosal, N 

Ruvalcaba, Romero 

et al. 

Emotional intelligence has been linked to 

various variables, such as gender and academic 

performance. analyzes the modulating effect of 

academic performance. 

2017 University Academic Performance 

and Class Attendance: A Vision 

Gabalán Coello, 

JVásquez Rizo F 

Reflections on the growing need in the 

educational context to identify aspects that 

interact as determinants of student performance. 

2018 University Academic Performance 

and Eating Behaviors 

S Zúñiga, R 

Pizarro, M 

Escudero, et al. 

Analysis of the relationship between risky 

eating behaviors and academic performance in 

university students 

2020 Design and implementation of a 
learning analytics toolkit for teachers 

A.Dyckhoff, D 
Zielke, M 

Bültmann, M. 

Chatti, U Schroeder 

How learning analytics can provide valuable 
tools for teachers in order to support them in the 

interactive process of improving the 

effectiveness of their courses and at the same 

time improving the performance of their 

students 

 

Time series 

A time series is a sequence of observations, measured at specific points in time, ordered chronologically and evenly 

spaced, so the data are usually dependent on each other. The main objective of a time series Xt, where t=, 2, n is its analysis 

to make a forecast, a definition is taken from (Villavicencio et al., 2010). Also known as historical projection methods, 

they use detailed analysis of past data patterns over time and project or extrapolate them into the future. A time series is a 

list of dates, each of which is associated with a value (a number). 

The time series forecast means extending the historical values to the future, where there are no available 

measurements. According to (Botero & Cano Cano, 2008), in their article Analysis of time series for the prediction of 

energy prices in the Colombian Stock Exchange: "... to forecast a variable, a model must be built and its parameters 

estimated using historical data, that is, achieving a statistical characterization of the links between the present and the past. 

"The time series has been applied in many contexts, especially in analyzing economic variables that want to be predicted 

and in the specific case of academic dropout. The study by the University of Cartagena Colombia is highlighted by 

(Martelo et al., 2017), who studied the Strategies to reduce university dropouts, specifically in the Business Administration 

program, through time series and Multipol. 
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Next, figure 3 represents the stages of the proposed model to determine strategies that would reduce dropouts in 

universities:  i. Document Review, ii. Strategy creation or modification, iii. Determination of strategies and iv. Analysis of 

results. 

Figure 3. Model to define strategies to reduce student dropout. Source: Strategies to reduce university dropouts 

through time series and Multipol, (Martelo 2017) 

The results determined that creating flexible educational models (CME) is the most viable, obtaining better scores 

in the average of the weights. Besides, IPE (Relevant inductions to students) and AIEM (Alliances with secondary 

education institutions) were taken into account, located in second and third place. These strategies are relevant to reduce 

dropouts from the academic program because universities' educational models do not adapt to students' knowledge and 

learning schemes during their school studies. 

Time series analysis techniques 

There are several techniques; the most used are exponential adjustment (for short-term forecasts), Simple and 

weighted moving average, Classical decomposition of the series, Box Jenkins model, focused projection, and the Holt-

Winters method, elaborated from the technique of simple exponential smoothing. It is sometimes known only as the Holt 

method because Winters introduced the possibility of treating series with seasonality, and Holt implemented the 

opportunity of working with series with the trend. 

Next, a consolidated of the main investigations carried out on time series is presented, taking the period from 

2000 to 2019: 

Table 2: Consolidated Investigations in Time Series. Source: authors 

Yea

r 
Title Author Abstract Technic 

Sample 

Size 

Variable

s 

Resu

lt 

Used 

Software 

200

0 

Comparison 

and 

combination 

of predictions: 
Application to 

time series 

Moreno Cuartas, B, 

López, A.J, Landajo 

Alvarez, M. 

Simple time 

series, 

models and 

evaluation of 

your 
forecasting 

performance 

Arima 84 7 series 70%   

200

5 

FORECASTI

NG SPOT 

ELECTRICIT

Y PRICES 

WITH TIME 

SERIES 

MODELS 

Adam Misiorek 

Modeling 

and 

prediction of 

time series 

based on the 

NARMAX 

model 

Armax   
Exogeno

us 
  Matlab 

200

6 

Prediction of 

time series 

Figueroa N, J. 

Landassuri V. 

Methodolog

y for the 
GANN 1500 5 90%   

 

Deserción 
i. iii. iv. ii. 
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with empirical 

decompositio

n into modes, 

genetic 

algorithm and 

artificial 
neural 

networks 

Moreno,  implementati

on of 

regression 

models on 

the historical 

series of 
energy 

market 

prices in 

Colombia. 

200

8 

Analysis of 

time series for 

the prediction 

of energy 

prices in the 

Colombian 

stock market 

Botero & Cano 

Cano 

Time Series 

Prediction 

Using SVM 

Regressi

on 
864 

Exogeno

us 
60%   

201

0 

Time series 

prediction 

using support 

vector 

machines 

Juan D. 

Velásquez, Yris 

Olaya, Carlos J. 

Franco 

Algorithm 

for time 

series 
discretizatio

n, includes 

optimization 

of word size 

and alphabet 

as a 

parameter. 

Arima 

MLP and 

SVM 

model 

5 series 4 60%   

201

1 

Time series 

discretization 

through 
evolutionary 

programming 

Rechy-Ramírez F, 

Mesa H, Mezura-
Montes E 

  Indicators 

of school 

trajectory of 

the students 

of the 
Faculty of 

Psychology-

Xalapa 

Genebla 20 series 5642 93%   

201

1 

Indicators of 

the academic 

trajectory of 

the 

psychology 

students of 

the 

Veracruzana 

University 

A. Gutiérrez, D. 

Grandados,  M.Land

eros  

The problem 

of early 

classification 

of time 

series data is 

formulated 

Anova 5220 31320 55%   

201

2 

Early 

classification 

on time series. 

Knowledge 

and 

information 

systems 

Z. Xing, J. Pei, and 

S. Y. Philip 

Description 
and 

application 

of a 

methodology 

of Neuro-

Fuzzy 

Networks 

applied to 

the problem 

of prediction 

of time 

series in the 
short-term 

capital 

MPL, 

ECTS, 

INN 

570 7 85% C++ 
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market 

201

3 

Application of 

the ANFIS 

model for 

prediction of 

time series 

Correa-Henao 

Gabriel, Montoya-

Suárez Lina María  

Incorporates 

technologies 
for 

forecasting 

time series in 

the volume 

of income 

and expenses 

in a cold 

room 

Anfis 5577 1395   Matlab 

201

6 

Analysis of 

time series in 

the forecast of 
the demand 

for storage of 

perishable 

products 

Contreras Juárez A, 
Atziry Zuñiga C, 

Martínez Flores J 

Implementati

on of time 

series and 

MULTIPOL 
techniques to 

establish and 

evaluate 

strategies to 

decrease 

attrition 

DGP 

(Data 
generatin

g 

process) 

9 series 540 60%   

201

7 

Strategies to 

reduce 

university 

dropouts 

through time 
series and 

Multipol, 

RJ Martelo, KC 

Herrera, N 

Villabona 

Using 

knowledge 

discovery 

techniques to 

analyze 

historical 

data on 
students' 

course 

grades 

Regressi

on 
8432 1 99%   

 

Figure 4: Software tool and techniques used in Time Series investigations. Source: authors 

 

According to the previous figure, the most used technique for making diagnoses in the other research consulted is 
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that of "Regression" with 22%, which allows for the change of a dependent variable for its respective analysis concerning 

variability. Of the independent variables. The second instance with 15% is the technique of integrated autoregressive 

integrated moving average model or "ARIMA" (autoregressive integrated moving average), which is in charge of finding 

patterns for a prediction into the future, using variations and regressions of statistical data. And with 14%, there is the 

"GANN" technique that allows determining the relationships between the main variables to obtain the best combinations in 

a diagnosis.   

On the other hand, the most used software is Matlab due to its functionality, speed of work and reliability.  

Machine learning 

Machine Learning is the ability of a machine or software to learn by adapting specific algorithms. It is a computer science 

discipline related to Artificial Intelligence that serves to create systems that can learn by themselves. This technology 

allows a series of operations to be made automatic to reduce the need for human intervention. 

Machine Learning allows converting educational data into useful information that helps taking previous teaching 

actions or activities to promote teaching and learning. In this regard, they have carried out different investigations and the 

work of (Ayesha et al.., 2010), who perform a cluster analysis through the k-means method to determine the student's 

learning behavior, considering the factors that involve the student's evaluation and conclude that if the results are 

transmitted in advance, the effects will be reduced dropping out and the academic performance of students will be 

improved. 

Another significant contribution is the one made by (Zhang et al., 2010), 'Use data mining to improve student 

retention in higher education - a case study,' where the academic behavior of students is analyzed, and a basis is provided 

for the intervention strategies and reduction of student dropout. Likewise, (Dickerson & Hazelton, 2012) 'Data Mining and 

Analysis Methodology for Higher Education Curriculum Development and Recruitment Practices: An Interim Report,' 

explore and put into practice data mining techniques to create a new feedback loop towards teachers for the evaluation of 

programs and systematic adaptation to the changes required by the business sector of its students.  

In the field of Academic Analysis, one can cite the works of (Morris et al., 2005), 'Predicting Retention in Online 

General Education Courses,' who through multivariate techniques and predictive discriminant analysis, determine the 

relationship between dropout and califications average; the work of (Sharkey, 2011).  'Academic analytics landscape at the 

University of Phoenix,' who create a data repository integrated with all institution parts to predict students' persistence 

through indicators such as schedules, grades, use of class content, and demographics. (Olmos & Corrin, 2012), 'Academic 

analytics in a medical curriculum: enabling educational excellence' determines that the use of academic analysis is valuable 

for curricular development and that it also allows having foundations to make criticisms in improving educational 

excellence. 

As shown, the methods and algorithms for predicting academic factors have changed with time, and the 

independent variables that are studied to predict it. Among the different algorithms according to (Shahiri et al., 2015), 'A 

Review on Predicting Student's Performance Using Data Mining Techniques,' the ones that yield the best prediction 

precision is the order: Neural Networks (NN), the decision tree, K-nearest neighbor and SVM. Therefore, with the right 

type of tools and attributes to investigate, it will be possible to benefit students, teachers, parents, civil society, etc. Given 

the panorama of machine learning in the educational field (Majeed & Naaz, 2018). 
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Various ML algorithms have been used in education: supervised learning algorithms and unsupervised learning 

algorithms. The supervised algorithms that learn from examples and associated target responses can consist of categorical 

or numerical data. Then these algorithms predict the correct response of completely new data by applying the learned 

relationship. That is to say; they are those algorithms where the developer acts as a mediator to teach the algorithm the 

answers to which it must arrive; this is done through training data. The most popular task for predicting student 

performance is a classification (prediction of categorical data) within supervised learning algorithms. There are several 

algorithms under task ranking that have been applied to predict student performance. Among the algorithms used are the 

decision tree, Artificial Neural Networks, Naive Bayes, K-Nearest Neighbor (k-closest neighbors), and Support Vector 

Machine (support vector machines). Another no less important task for predicting student performance is a regression 

(prediction of numerical data). Among the algorithms used are linear regression, multiple regression, and Artificial Neural 

Networks. 

Also shown are some Machine Learning algorithms and the variables that have been frequently used to calculate 

academic performance.  (Burgos et al., 2018), 'Data mining for modeling students' performance: A tutoring action plan to 

prevent academic dropout, '(Ramesh et al., 2013),' Predicting Student Performance: A Statistical and Data Mining 

Approach, '(M., E. Osmanbegović, Edin & Suljic, 2012)' Data Mining Approach for Predicting Student Performance, 

'(Fernandes et al., 2019), 'Educational data mining: Predictive analysis of the academic performance of public school 

students in the capital of Brazil,' (Nithya et al., 2016), 'A Survey on Educational Data Mining in Field of Education,' where 

the accumulated average of subjects is the main attribute to predict student performance, followed by internal assessment 

(quiz, class assignments, partial evaluations, laboratory work, attendance), followed by demographic and socio-academic 

variables micas. 

Next, a consolidated of the primary investigations carried out on Machine Learning is presented, taking the period 

from 2005 to 2020: 

Table 3: Consolidated research in Machine Learning. Source: authors. 

Year Title Author Abstract 

2005 Predicting Retention in Online 

General Education Courses’ 

Morris et al. Multivariate techniques and predictive discriminant 

analysis determine the relationship between dropout 

and grade point average 

2010 Use data mining to improve student 

retention in higher education – a case 

study’ 

Y. Zhang, S. 

Oussena, T. 

Clark et al. 

Identify potential problems as early as possible and 

follow up on intervention options to improve student 

retention. 

2010 Data mining model for higher 

education system 

S. Ayesha, T 

Mustafa, A. Raza 

Sattar, M.I. Khan 

The data mining technique called k-means grouping 

is applied to analyze the learning behavior of 

students. Student evaluation factors are studied 

2011 Análisis del rendimiento académico  

de los estudiantes mediante data  

warehouse y redes neuronales 

Matamala, CZ , 

Díaz, DR, 

Cuello, KC 

Leiva, GA 

A Data Warehouse architecture is described in order 

to perform an analysis of the academic performance 

of students. 

2011 Academic analytics landscape at the 

University of Phoenix 

Sharkey Creation of a data repository integrated with all parts 

of the institution to predict the persistence of students 

through different indicators 

2012 Data mining and analysis 
methodology for higher education 

curriculum development and 

recruitment practices: An interim 

report 

S. Dickerson, N. 
Hazelton 

Explore and implement data analysis and data mining 
techniques to create a new informational feedback 

loop to equip teachers for program evaluation and 

systematic adaptation 
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2012 Academic analytics in a medical 

curriculum: enabling educational 

excellence 

Olmos & Corrin It seeks to convert data from education systems into 

actionable intelligence for the improvement of 

teaching and learning 

2014 Modeling Student Performance in 

Higher Education Using Data Mining 

H. Guruler, A. 

Istanbullu 

The model helps educational organizations better 

understand KDPs and provides a roadmap to follow 

while executing comprehensive knowledge projects. 

2014 An Application of Educational Data 

Mining (EDM) Technique for 
Scholarship Prediction 

Khan & Choi They process student data to calculate the chances of 

winning a scholarship based on their semester grade, 
the student's placement in class, the maximum and 

minimum number of credit hours taken and allowed, 

and extracurricular activities. 

2014 Early Prediction of Students 

Performance using Machine Learning 

Techniques 

Anal Acharya, 

Devadatta Sinha, 

Early Prediction of Student Performance Using 

Machine Learning Techniques 

2015 Network of ontologies promoted 

pedagogically to conceptualize the 

evaluation domain of e-Learning 

L Romero , M 

North,  

Milagros 

Gutiérrez ,  

Laura Caliusco 

design and automate a predictive model of the 

academic performance of students of the National 

Polytechnic Institute (IPN). 

2015 A Review on Predicting Student’s 

Performance Using Data Mining 

Techniques 

A. Shahiri, W 

Husain, N. 

Rashid 

Provides an overview of data mining techniques that 

have been used to predict student performance. This 

article also focuses on how the prediction algorithm 
can be used to identify the most important attributes 

in student data. 

2016 Application of Machine learning 

algorithms for betterment in 

education system 

Radhika R Halde Review of the literature on the application of 

different machine learning algorithms on a large 

amount of data collected by academic institutes 

2017 Academic performance prediction 

applying data mining techniques 

CHM Chiok - 

Anales 

Científicos 

Apply the TMD of logistic regression, decision trees, 

Bayesian networks and neural networks using the 

academic data of the students in order to predict the 

final classification (Fail or Pass) of future students 

enrolled in the course. 

2018 Current State of Art of Academic 

Data Mining and Future Vision 

I. Majeed, S. 

Naaz 

Discussion of data mining, its roots, the present 

scenario and the vision of the future. 

2018 Key attribute for predicting student 
academic performance 

Sachio Hirokawa Assessment of prediction performance based on all 
possible combinations of four types of attributes: 

behavioral characteristics, demographic 

characteristics, academic background, and parental 

involvement 

2018 Design of a model to automate the 

prediction of academic performance 

in IPN students 

A Rico Páez,  

D Sánchez 

Guzmán 

Design and automate a predictive model of the 

academic performance of students of the National 

Polytechnic Institute (IPN). 

2018 Determination of profiles of academic 

performance at UNNE with 

educational data mining 

JC Acosta,  

DL La Red 

Martínez… 

Evaluation of student performance using Data Mining 

techniques. 

2019 Using machine learning to predict 

student difficulties from learning 

session data 

Mushtaq Hussain Predict the difficulties students will encounter in a 

later session of the digital design course 

2019 Prediction of academic performance 

associated with Internet use behaviors 

using machine learning algorithms 

Xing xu, Hao 

Peng 

Using the Internet using machine learning algorithms 

to predict academic performance 

2019 Forecast model of academic 
performance of students in the 

courses of the basic studies program 

of the Ricardo Palma University using 

Machine Learning algorithms 

Vega García, 
Javier Fernando 

Make predictions, through the use of Machine 
Learning algorithms to identify in advance the 

students who have a high probability of obtaining low 

academic performance and be able to implement 

strategies that help them to have better results in the 

courses. 
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2019 Prediction of academic performance 

of UNSAAC students from their 

entrance data using machine learning 

algorithms 

Candia Oviedo, 

Dennis Iván 

Through the use of automatic learning (machine 

learning), predict the academic performance of 

students to propose strategies that allow not only the 

institution, but also teachers and the student herself to 

improve their activities of the teaching-learning 

process. 

2019 Use of Machine Learning to  
Measure the Influence of Behavioral  

Factors on Academic Performance  

of Higher Education Students 

RAM Rodriguez,  
OA Xochihua 

The results of two studies on the influence of study 
habits and self-esteem on the academic performance 

of 153 university students are presented and 

discussed. 

2019 A multinomial and predictive analysis 

of the factors associated with college 

dropout 

T. Fernández, M 

Solís, M. 

Hernández, T. 

Moreira,  

Development of explanatory and predictive models of 

student dropout, multinomial regression models to 

identify the influence of these variables on dropout. 

2020 Using Machine Learning Algorithms 

to Predict Student Performance and 

Improve Learning Outcome: A 

Literature-Based Review 

Francis Ofori Using Machine Learning Algorithms to Predict 

Student Performance and Improve Learning 

Outcome: A Literature-Based Review 

 

Relationship of Time Series and Machine Learning 

Although they are few, the Investigations carried out in Time Series and Machine Learning together are presented below, 

in the period since 2013: 

Table 4: Consolidated research in Time Series and Machine Learning together. Source: authors 

Year Title Author Abstract 

2013 

Short-term traffic flow 

forecasting: an experimental 

comparison of time series 

analysis and supervised 

learning 

M. Lippi, M. 

Bertini, P. 

Frasconi 

Review of existing approaches to short-term traffic 

flow forecasting methods under the common vision 

of probabilistic graphical models. 

2013 
Machine learning for time 
series prediction 

M. Gómez Gil  
Presentation on existing tools to solve prediction 
problems, using Computational Intelligence, 

especially Artificial Neural Networks. 

2016 

Towards machine learning 

applied to time series based 

network traffic forecasting 

J. González 

Prieto  

Implement a network traffic forecast model using 

time series and improve its performance with 

machine learning techniques 

2018 

3 Facts About Time Series 

Forecasting That Surprise 

Seasoned Machine Learning 

Professionals. 

Anders Noren 
Top 3 Surprises Machine Learning Professionals 

Face When Facing Forecasting Challenges 

2019 

Prediction of unemployment 

rates with time series and 

machine learning techniques 

Christos Katris 

Time series and machine learning models are 

explored and analyzed for the prediction of 

unemployment in various countries (Mediterranean, 

Baltic, Balkan, Nordic, Benelux) for different 

forecast horizons 

2019 

Two reflections on the 

question "Are time series 
models considered part of 

Machine Learning or not?" 

Anders Noren 
Air passenger time series prediction: ARIMA (top) 
vs. LSTM (below) 

 

From the concepts of Machine Learning, Time series and academic performance and the consulted sources, the 

result of the construction of the bibliometric network generated with the VOSviewer tool can be observed: 
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Figure 5: Network visualization by concepts. Source: authors 

 

According to the generated network, it is observed that there is a relationship between the topics covered in this 

literary review with concepts such as Data Mining, Higher Education, Performance Prediction, Decision Trees, and 

Learning Analysis, among others.  Additionally, the importance of two topics for the treatment of information in Higher 

Education is visualized, such as Data Mining and Decision Trees. 

 
Figure 6: Density Visualization. Source: authors 

 

The heat density display graph allows us to deduce that there are different techniques when we want to talk about 

academic performance; however, the Time Series item does not appear. One of the possible combinations that they can 

generate is the Machine learning decision trees and the Time Series for the definition of variables that affect academic 

dropout and to be able to identify those that change in each academic period due to circumstances such as stoppages or 

strikes of the academic community, isolation due to pandemics, and crises due to economic recession, among others. 

Conclusions 

The use of engineering tools such as Time Series and Machine Learning is an excellent contribution due to the boom they 

have had in recent times and the benefits obtained from the different investigations carried out in various fields. It includes 

the academic and specifically in research on dropout, improvement in students' academic performance and feedback to 

teachers, among other studies, providing optimal results, throwing substantial evidence of what is proposed in the model 

and supporting each of the hypotheses proposed in said works of investigation. 
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Predicting academic performance for efficient decision-making, avoiding the dropout of higher education students 

requires that models be developed to use basic, socio-economic, financial, and academic data.  It may be through cutting-

edge technology such as Machine Learning together with Time Series so that the successful completion of higher education 

studies is the standard that must be had for each of the university students. 

Authors such as (García Tinisaray, 2016) state that there is a certain relationship between the indicators mentioned 

above and academic performance and that the efficiency of the higher education system can be improved if actions are 

taken against academic performance (an indicator of success or failure of the student), which involves different qualitative 

and/or quantitative variables. 

There are various techniques for predicting academic performance; However, the use of the Time Series element 

has been minimal for this type of diagnosis, which is why this research is required with the idea of merging it with 

Machine Learning and thus being able to evaluate the results obtained and define its effectiveness in academic desertion. 
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