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ABSTRACT 
This paper presents a general method to identify important factors 

involved in a comprehensive higher education scenario that can 

serve to obtain models that describe students’ Academic 

Performance. Academic data were used without interfering with 

the procedure’s capacity for generalization. The method is 

described with a novel combination of descriptive formalisms from 

computer science and mathematical symbols, the intention being to 

make the proposal as clear as possible and to identify possible areas 

of improvement and/or interest. 

Key words: educational research, academic performance, protocol 

formal description 

RESUMEN 
Se presenta un método general que hace relevante los factores 

importantes, involucrados en un escenario completo de educación 

superior, relativos a obtener una clase de modelos que describan el 

Rendimiento Académico de los estudiantes. Se utilizan datos del 

ámbito académico sin que esto entorpezca la generalización del 

procedimiento. El método se describe de manera novedosa, 

utilizando formalismos descriptivos del área computacional y 

simbolismos matemáticos con la intensión de ser lo más claro 

posible en la exposición e identificar puntos de mejora y/o interés 

de la investigación. 

Palabras clave: Investigación educativa, rendimiento académico, 

descripción formal del protocolo 

1. INTRODUCTION 
Modeling methods are resources of interest to address topics in 

multiple areas, including social, economic, technological and/or 

educational issues. This paper focuses on the area of education 

and proposes a method to describe the Academic Performance 

(AP) of higher education students. AP is defined as the Grade 

Point Average (GPA) for each semester at the Participating 

University (PU). The proposed method looks at academic data 

taken from the domain of the PU; this does not mean, however, 

that the method overlooks the general educational environment. 

It is clear that the AP phenomenon involves multiple factors that 

for the time being are not addressed due to lack of data and/or 

because they are not relevant for the purpose of this study; these 

factors include family environment, economic condition, 

emotional state, professor-student empathy, political 

environment, historical moment, cultural development, 

personality, health, social media, habits, etc.  

It is common for university policies to include among their 

objectives an increase in Graduation Efficiency Index (GEI). The 

GEI remains an open discussion topic because there is no 

concrete consensus about how to calculate it. Ideally, a high GEI 

means that the students who initially enrolled graduated on time 

and earned good grades. When students graduate from college, 

they have presumably acquired the knowledge and skills needed 

to start working in their chosen field. An examination of this 

assumption is beyond the scope of this research project; it must 

be pointed out, however, that the concept of AP is based on the 

institution’s vision, which could be seriously flawed. If it is 

generally accepted that human beings differ in interests and 

capabilities, then university programs should by rights deal with 

these differences by taking a different perspective on the AP 

concept so that it includes the responsibility of other actors, 

including the institution itself. In order to increase the GEI, it is 

proposed to give timely attention to cases in which there is a risk 

of students failing courses and/or earning low grades. The AP 

prognosis is a tool for deploying this attention effectively, since 

support, counseling, orientation and/or advisory resources are 

limited and can be employed inefficiently and/or be stretched too 

far. There are different modeling and/or analysis proposals to 

predict and/or explain AP. For example, [1] [2] use linear 

regression models; [3] uses multiple regression models; [4] [5] 

[6] [7] employ logistic regression models; [8] [9] employ fuzzy 

sets; [10] use multivariable discriminant analysis; and [11] use 

data warehouse techniques and data mining. There are also 

differences in the variables involved in prediction proposals. For 
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example, [12] identify some courses that are especially good 

predictors for specific undergraduate programs, while [13] 

employ socio-educational variables, especially mothers’ level of 

education; [14]  consider student-centered variables such as 

academic competence, test competence, time management, and 

test anxiety. Some studies consider more conventional 

proficiency factors, such as previous GPA, previous institution 

type, and number of passed courses in the first year, [6]. The 

relationship between alexithymia and AP is examined in [15], 

although the author also looks at other variables such as 

intellectual capacity, mental health and socio-demographic 

indicators. [4] make a proposal using data obtained from the 

Differential Aptitude Test (DAT). The work of [5] finds elements 

that indicate that it is of vital importance for students to attend 

class, engage in complementary course activities, and study in 

groups; [16] conclude that developing creative cognition tends 

to improve AP. Several results appear to contradict each other, 

as they consider different types of variables as important, which 

reveals the partiality of the studies. For example, [17]  consider 

endogenous variables, while [7] look at exogenous variables. 

There are different approaches to AP as well: [18] draw a 

correspondence between AP and passing a mathematics course;  

[4] [6] [14] [19] use the GPA, and other studies such as [1] take 

into account the courses that students have passed. Many works 

indicate that in order to study and forecast AP, it is important to 

focus mostly on the first year of university and include the 

second year when appropriate  [2] [5] [7] [19] [20] [21]. 

This work is organized as follows. Section 2 presents the 

variables' definition. Section 3 describes the method to identify 

relevant variables for modeling AP. The procedure to obtain the 

models is showed in Section 4. Section 5 provides the limitation 

of the study. Finally, conclusions and future work are presented 

in Section 6. 

2. CONTEXT OVERVIEW 
An analysis is made of records classified in three Data Banks 

(BDs), which in turn are classified into specific banks, also called 

fields. 

Data Bank Description 

BD1 Academic History 

BD1,1 Aptitude test 

BD1,2 GPA from the previous institution 

BD1,3 Grade in the academic term 

BD2 Psychological Test 

BD2,1 Attention 

BD2,2 Study practice 

… 

BD3 Record of Activities on Moodle of the courses in 

general 

BD3,1 Chats 

BD3,2 Forums 

BD3,3 Homework assignments 

Nomenclature 
CU  University 

Center 

p Amount of CU 

Ca Degree 

programs 

q Amount of Ca 

Ge Study groups r Amount of Ge 

Se Academic term s Amount of Se 

Cs Courses t Amount of Cs 

stu student   

 

3. METHOD FOR IDENTIFYING VARIABLES 
The following sections formally present the methods proposed 

to evaluate the variables and identify those that are relevant for 

the purpose of predicting AP. 

3.1 Considerations for data treatment 
1. The variables correspond bijectively to the fields. 

2. All the variables are independent variables (VI), with the 

exception of BD1,3 which could be a dependent variable (VD) 

when considered as a result. 

3. If BD corresponds to a specific semester and/or course, it is 

indicated with an extension of the subscript, i.e. 𝐵𝐷1,3,𝑆𝑒𝑑|𝑑 ∈

{1, … , 𝑠}. 
4. The nomenclature presented in the previous item is 

generalized to any other concept for the purpose of clarifying 

the specific area encompassed. 

5.  𝐵𝐷 = 𝑓𝑖𝑒𝑙𝑑𝑠 ∪ 𝑑𝑎𝑡𝑎 

6.  {𝐵𝐷𝑥,𝑥 ∙ 𝐵𝐷𝑥,𝑥,𝑥} ⊆ 𝐵𝐷𝑥 ⊆ 𝐵𝐷 

7.  The {𝑉𝐼 ∙ 𝑉𝐷} ⊆ 𝐵𝐷  

8. The Independent variables of interest (VIi) are the ones that 

provoke the greatest increase or decrease of BD1,3,d. 

9.  The 𝑉𝐼𝑖 ⊆ 𝑉𝐼 
10. For the purposes of this study, we state that a series of 

courses, different from previous courses and different among 

themselves, are taken by students every academic term. This 

assumption implies that students are following an established 

route in their professional formation. Students who fall under 

this assumption are candidates to belong to a Ge. 

3.2 Procedure 1 
Identify independent variables of interest in the first academic 

term. 

We state that, 
𝐺𝑒 = {𝑠𝑡𝑢} ⟹ (∃𝑑𝑎𝑡𝑎 ∈ 𝑠𝑡𝑢) ∙ (𝑠𝑡𝑢 ∈ {𝐶𝑈𝑎 ∙ 𝐶𝑎𝑏 ∙ 𝑆𝑒𝑑 ∙ 𝐶𝑠𝑒}) 

Where 

𝑎 ∈ {1, … , 𝑝}; ∀𝑏 ∈ {1, … , 𝑞}; 𝑑 = 1; ∀𝑒 ∈ {1, … , 𝑡} 
𝐶𝑠𝑒 ⊆ 𝑆𝑒𝑑
𝐶𝑠𝑒 ⊆ 𝐶𝑎𝑏

} ⊆ 𝐶𝑈𝑎 

then 

∀𝐶𝑈𝑎 
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∀𝐺𝑒𝑐|𝑐 ∈ {1, … , 𝑟} 
∀𝐶𝑎𝑏 ∈ 𝐶𝑈𝑎|𝑏 ∈ {1, … , 𝑞} 

conduct a statistical analysis with 

𝑉𝐼: 𝐵𝐷1,1, 𝐵𝐷1,2, 𝐵𝐷2 

𝑉𝐷:𝐵𝐷1,3,𝑆𝑒1   

to obtain the  

𝑉𝐼𝑖 ⊂ {𝐵𝐷1,1, 𝐵𝐷1,2, 𝐵𝐷2}  

𝑉𝐷 ⊂ 𝐵𝐷1,3,𝑆𝑒1  

Notes 

− Ge’s are student groups with associated data 

− Ge’s can be from different Ca  

− The 𝐵𝐷1,3,𝑆𝑒1  correspond to the average of the grades obtained 

in the courses taken by the Ge in the first Se. The analysis of 

this point will not be carried out for now. 
− The statistical analysis could include the evaluation of the 

correlation index, although this description is outside the 

interest of the described procedure. 
 

Argumentation 

The data used to obtain the VIi for the first Se come from the 

Academic History and the Psychological Test; it is therefore not 

important, in this case only, to distinguish among degree 

programs for the formation of the Ge, Fig. 1. The VD is the 

average of the grades earned in all the courses taken. The Ge with 

students from different degree programs are called Hybrid study 

groups (Geh). The effort to obtain the VIi for the Se after the first 

one increases prohibitively if Geh are used. A more general 

procedure 2 is proposed to deal with the inconvenience caused 

by the complexity of following up on the academic life of the 

members of the Ge. Obviously, the members of the Ge belong to 

the same Ca. It must be added that the VIi of a Ge, made up of 

members of the same degree program, might not coincide with 

the VIi of a Geh. Procedure 1 addresses the immediate need to 

identify the characteristics of a newly admitted student 

population, given the importance of the start of an undergraduate 

program for the actors involved in the teaching-learning process 

(institution, students, professors).  

3.3 Procedure 2 

Identifying VIi with a more general procedure. This procedure 

has some similar procedure 1 steps that it is convenient shows 

again in order to be clear whit the description. 

We state that, 

𝐺𝑒 = {𝑠𝑡𝑢} ⟹ (∃𝑑𝑎𝑡𝑎 ∈ 𝑠𝑡𝑢) ∙ (𝑠𝑡𝑢 ∈ {𝐶𝑈𝑎 ∙ 𝐶𝑎𝑏 ∙ 𝑆𝑒𝑑 ∙ 𝐶𝑠𝑒}) 

where 
𝑎 ∈ {1,… , 𝑝}; 𝑏 ∈ {1,… , 𝑞}; 𝑑 = 1 ≫ 𝑛; 𝑛 ∈ {1,… , 𝑠}; ∀𝑒 ∈ {1,… , 𝑡} 
𝐶𝑠𝑒 ⊆ 𝑆𝑒𝑑
𝐶𝑠𝑒 ⊆ 𝐶𝑎𝑏

} ⊆ 𝐶𝑈𝑎 

≫ denoted that the previous value must exist 

then 
∀𝐶𝑈𝑎 

∀𝐶𝑎𝑏 ∈ 𝐶𝑈𝑎 
∀𝐺𝑒𝑐|𝑐 ∈ {1, … , 𝑟} 

∀𝐶𝑠𝑒 ∈ (𝑆𝑒𝑑 ∙ 𝐶𝑎𝑏)|𝑒 ∈ {1,… , 𝑡} 
if d=1 then 

conduct statistical analysis with 
𝑉𝐼: 𝐵𝐷1,1, 𝐵𝐷1,2, 𝐵𝐷2 

𝑉𝐷:𝐵𝐷1,3,𝑆𝑒1 

in order to obtain the 

𝑉𝐼𝑖 ⊂ {𝐵𝐷1,1, 𝐵𝐷1,2, 𝐵𝐷2} 

𝑉𝐷 ⊂ 𝐵𝐷1,3,𝑆𝑒1  

or else 

conduct statistical analysis with 
𝑉𝐼: 𝐵𝐷3,𝑆𝑒𝑑−1 , 𝐵𝐷1,3,𝑆𝑒𝑖|𝑖 = 𝑑 − 1,… ,1 

𝑉𝐷:𝐵𝐷1,3,𝑆𝑒𝑑 

to obtain 
𝑉𝐼𝑖 ⊂ 𝐵𝐷3,𝑆𝑒𝑑−1 , 𝐵𝐷1,3,𝑆𝑒𝑖|𝑖 = 𝑑 − 1,… ,1 

𝑉𝐷 ⊂ 𝐵𝐷1,3,𝑆𝑒𝑑 

 

 

Figure 1. Process to obtain the VIi in the first academic term 

Notes 
− The Ge are made up of students from the same degree program 

− Ge are groups of students with associated data 

− The data of the Ge exist progressively, from their admission up 

to any academic term of their degree program 

− The Ge are complete and consistent if there are data from their 

admission up to the last academic term of their degree program 

− The selection of the Cs is determined by the existence of data 

of the Ge is said Cs.  

− The BD1,3,d correspond to the average of the grades obtained in 

the courses taken by the Ge in a Sed. The analysis of this point 

will not be conducted for now. 
 

Course:	

School	calendar:	Se1	

Course:	

Course:	

…	

Average	grade	Se1	

Psychological	tes ng	
Ap tude	test	

Previous	average	grades	

Independent	Variables	 Dependent	Variable	

Study	Group	

CU	

Ca1	 Ca2	 Caq	…	 The	Study	Group	could	be	hybrid	

CsSe1,1

CsSe1,2

CsSe1, j
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Argumentation 

The process to obtain the VIi for the first Se is the same as the 

one shown in Fig. 1. Unlike procedure 1, here (procedure 2) the 

members of the Ge must come from the same degree program, 

Fig. 2.  

Fig. 3 shows the procedure for obtaining the VIi of Se subsequent 

to the first one. This figure suggests that on the basis of a course 

or courses of a particular Se, different from the first one, the 

attempt is made to predict the student’s grade average for the 

following Se. For now, no analysis will be made of the 

advisability of taking one course or another in each Se to obtain 

the VIi. The VIi can be different for Ge of different Ca. 

 

Figure 2. Note to obtain the VIi in the first academic term with 

procedure 2 

4. PROCEDURE TO OBTAIN THE 
REPRESENTATIONS AND MODELS 

A scenario (En) involves the dynamics and content (event) of a 

student group in a course, and its analysis is done with data 

collected by the institution, which are seen as evidence of the 

event. It is acknowledged that the data are biased in the intention 

of describing these scenarios. For now, this point will not be 

discussed. 

𝐸𝑛𝐺𝑒𝑐 ,𝐶𝑠𝑒|𝑐 ∈ {1, … , 𝑟}; 𝑒 ∈ {1, … , 𝑡} 

{𝑉𝐼𝑖𝐺𝑒𝑐 ,𝐶𝑠𝑒 , 𝑉𝐷𝐺𝑒𝑐 ,𝑆𝑒𝑑} ∈ 𝐸𝑛𝐺𝑒𝑐,𝐶𝑠𝑒 ⟹ 𝐶𝑠𝑆𝑒𝑑 ∈ 𝑆𝑒𝑑|𝑑 ∈ {1,… , 𝑠} 

𝐸𝑛𝐺𝑒𝑐 ,𝑆𝑒𝑑 = {∀𝐸𝑛𝐺𝑒𝑐 ,𝐶𝑠𝑒} 

The abstraction of the AP of a study group c in a given academic 

term d is called a representation (RP), 

𝑅𝑃𝐺𝑒𝑐,𝑆𝑒𝑑 = 𝑓(𝐸𝑛𝐺𝑒𝑐 ,𝑆𝑒𝑑)|𝑐 ∈ {1,… , 𝑟}; 𝑑 ∈ {1,… , 𝑠} 

Argumentation 

To obtain the RP required to subsequently obtain a model, the 

members of the Ge must have consistent characteristics. This 

means that they must come from the same CU, the same Ca, the 

same Se (they do not necessarily have to belong to the same 

graduating class) and take the same Cs in each Se. The 

characteristics required for the Ge are inherited from the VIi, Fig. 

4. 

Models 
A Model (Mo) is a general abstraction of the phenomenon and is 

obtained using an average operation of two or more RP.  

𝑀𝑜𝑆𝑒𝑑 = 𝑓(𝑅𝑃𝐺𝑒𝑐,𝑆𝑒𝑑)|𝑐 ∈ {1, … , 𝑟};𝑑 ∈ {1,… , 𝑠} 

𝑀𝑜𝑆𝑒𝑑 =
∑𝑅𝑃𝐺𝑒𝑐,𝑆𝑒𝑑
|𝑅𝑃𝐺𝑒𝑐,𝑆𝑒𝑑|

 

𝑀𝑂 = {𝑀𝑜𝑆𝑒𝑑} 

 

 

 

Figure 3. Process to obtain the VIi in academic terms other than the 

first Se 

 

 

Figure 4. Depictions obtained in each academic term with one Ge 

Argumentation 

A valid Mo requires an average operation with at least two Rp. 

The Rp must be from Ge with the same characteristics. In other 

words, they must belong to the same CU, the same Ca, and study 

Study	Group	

CU	

Ca1	 Ca2	 Caq	…	

School	calendar:	Sed	

Average	grade:	
Sed	

Moodle’s	evidence	of	some	courses	
in	previous	school	calendar	(d-1)	

Independent	Variables	 Dependent	Variable	

Course:		

School	calendar:	Sed-1	

Course:	

Course:	

…	

2	≤	d	≤	number	of	school	calendars	(s)	

Average	grade	of	all	
previous	school	calendars	

(Sed-1	…	Se1)	

CsSed-1,1

CsSed-1,2

CsSed-1,i

Course:		

Course:	

Course:	

…	

CsSed ,1

CsSed ,2

CsSe, j

School	calendar	s:	
Ses	

School	calendar	1:		
Se1	

School	calendar	s-1:		
Ses-1	

…	

Dependent	variable	 Independent	variables	

Study	Group	c	:	Gec	

CU	

Ca1	 Ca2	 Caq	…	

Depic on	c,s:	
	

Depic on	c,1:	
		

Depic on	c,s-1:	
		

…	
RpGec,Se1

RpGec,Ses-1
RpGec,Ses
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in the same Se (relative time), meaning the Ge do not necessarily 

have to belong to the same graduating class (absolute time). A 

Mo can be obtained from a Ge in each Se of the degree program. 

It should be noted that in terms of construction, the models have 

a succession ≫. The integration of the Mo for all the Se of the Ca 

yields a general model (MO) of the AP in that Ca, Fig. 5. 

 

Figure 5. Models obtained in each academic term using depictions of 

different Ge 

5. DELIMITATION OF THE STUDY 

• The study data come from one PU. 

• The aim is that the courses of the Ge follow a single line of 

formation. 

• The Ge must have course(s) consistent with each Se 

examined. 

• The longitudinal study of the Ge must consider consecutive 

Se starting from the first, meaning that Sen cannot be 

considered without having the analysis of Sen-1. 

• The aim is to predict the students’ AP in their next academic 

term, which, except for the AP for the first academic term, 

involves the analysis of the available data from the BD of all 

the courses that the group has taken. In this analysis it is 

conceivable that only some of the BD fields have a strong 

correlation with the average. 

• It is not advisable to predict AP in real time, since the 

academic dynamic of the PU does not lend itself to such a 

prediction. Real-time predictions would require uniform 

progress in course content and a study that could prove the 

reliability of the evidence collected in such programming. 

• It is risky to predict a grade without analyzing an academic 

term, as it adds an element of uncertainty to the results and is 

beyond the scope of the present project. 

• For the first Se, the members of the Ge can belong to different 

Ca. Since information is not processed in real time, it follows 

that it is not important to identify the Cs that the students of 

the Ge have taken.  

• As of the second Se, some of the Cs taken by the students are 

exclusive to their area of study, which means that starting 

with this semester, the members of the Ge must belong to the 

same Ca. The data of all the Cs that students have taken in 

the first Se are processed and a study is made to identify 

which are directly correlated to the AP. 

• As of the second Se, the average of the courses taken in the 

previous Se is calculated, as well as the VD, VI, the average 

of all previous Se and the fields of the BD that indicate a 

strong relationship with the average of the Se in question. 

• The Se following the first are treated in the same way, Table 

1. 

 

Table1. BD involved to obtain VIi and VD in each scholar grade 

 
 

Development 

Any particular CU has a number q of Ca that make up their 

program catalogue. Among these Ca we can find, for example, 

Administration, Economics, International Business, Information 

Systems, etc. 

A meta description of the investigation procedure follows: 

1.  A CUP is selected 

2. From any given Ca and students from the first Se, the 

following are formed: 

2.1. one Ge 

2.2. different Ge 

3. From a particular Ca and students from the first Se, the 

following are formed: 

3.1. one Ge 

3.2. different Ge 

4. From a particular Ca and students with an academic record 

that goes beyond the first Se, the following are formed: 

4.1. one Ge 

4.2. different Ge 

5. From a particular Ca and students with an academic record 

that includes their whole academic history, the following are 

formed: 

5.1. one Ge 

5.2. different Ge 

6. For different Ca, proceed to point 3 

7. For different CU’s, proceed to point 1 

Note: Some points can be omitted and/or modified in terms of 

order if the required data are available.  

Depic on	c,s	Depic on	c,1	 Depic on	c,s-1	…	

…	…	 …	…	

Depic on	m,s	Depic on	m,1	 Depic on	m,s-1	…	

Model	s:		
Mos	

Model	1:	
Mo1	

Model	s-1:	
Mos-1	

…	

MO	

Study	group	 	from		c			to		m	
School	calendar	 	from		1			to			s	

Ca	
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Notes on the different stages 

• Point 1 ties the study to a particular CU  

• Point 2 is important because 

o Findings are obtained quickly 

o It is easier to have data from an unclassified 

population 

o It allows academic directors to make assertive 

decisions as students of a particular graduating 

class begin their academic formation 

• Point 3 makes it possible to compare findings with 

those obtained in point 2 

• Point 4 makes it possible to generate findings beyond 

the first Se, meaning the members of the Ge must 

belong to the same graduating class and Ca  

• Point 5 makes it possible to complete the study of the 

academic life of a particular Ca  

• Point 6 extends the study to different Ca 

• Point 7 extends the study to different CU’s 
 

6. CONCLUSIONS 
This article focuses on the area of education and addresses the 

problem of modeling the multifactorial phenomenon of AP. The 

process of analyzing and modeling AP is rigorously described 

using formalisms from computer science and mathematical 

symbols. The proposed technique suggests a need to expand on 

the research topic and/or strengthen the models. Due to the 

complexity involved in the study of education, the proposed 

technique could be applied without problems in the areas of 

economics, administration, politics and/or the social-sciences. 
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