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Abstract 
One of the most important aspects in Higher Education Institutions are their study plans, these 
contains the topics that students must fulfil for finishing their studies, these plans are created for 
helping students to choose the set of topics to study per period, but their distribution could not always 
be the best one. This work presents a study considering the Grade Point Average of the students and 
the correlation between the topics distribution in a study plan and the order these ones are coursed. 
The goal of the work is analyzing the impact of the structure of a plan over the students’ academic 
performance. 
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1 INTRODUCTION 
All Higher Education Institutions (HEI) have study plans which specify the topics its students must 
approve for obtaining the necessary knowledge across their professional education. These programs 
are divided according periods of time (semesters, quarters, etc.) that compose the study plan. Ideally, 
if a student follows the topics per period established in a study plan, could finish its studies in the 
established time, however this it's not very common, so the students finished their studies in a longer 
period. 

One of the biggest problems in many HEI is that students don't finish their studies in the time 
established in the study plan. Many reasons can cause this phenomena, like personal, family, labour, 
etc. There are several studies about effects and impact of these reasons. However, it's not considered 
that a study plan affects the performance on student achievement, so we are interesting in studying 
the distribution of subjects over a study plan in order to help to determining if a study plan affects or 
not the performance and finishing time of a student during its studies. 

In order to perform this kind of study, a criteria for evaluating the performance of a student must be 
considered, for this work, a view considering the grade obtained for each approved topic during a 
certain period and the amount of credits of that topic is considered, this is the main contribution of the 
Grade Point Average (GPA), a way that many universities and enterprises in the United States and 
some European countries use to measure the performance of students. 

For obtaining GPA, the mark of a studied topic is related with a certain value and multiplied by the 
amount of hours or credits this topic has, later is added to the value obtained with this operation for 
each one of the approved topics in a certain quarter, finally, this amount is divided by the total of 
inscribed credits (considering not-approved topics). This is performed in schools which final grade it's 
not a number, but a letter, this is shown in (1). 

!" =   
!"#$%&'  !  !"#$

!"!"#$  !"  !""#$%"#&  !"#$%&'
 (1) 

Where: 

− Credits represent the amount of credits of a topic 
− Mark is the obtained mark in a topic (only if was approved) 
− Amount of attempted credits represents the total of all credits coursed in a certain period 

In the Mexican university where this work is performed, Universidad Autonoma Metropolitana campus 
Azcapotzalco (UAM), the students at the end of a course obtain one of the following marks: very good 
(MB), good (B), sufficient (S) and not-approved (NA), all the acronyms are due to their meaning in 
Spanish.  
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All the study plans of UAM, has a common set of 23 topics, known as “General Tree level (GTL)”, 
which consists in a group of topics that every student must study. This level is supposed to be finished 
in 5 quarters after the student begins its professional studies; however, the university has a serious 
problem about finishing time. Some statistics show that students finished this level in a longer period 
of time. Topics of each quarter of GTL are presented in Table 1. 

Table 1.  Topics included in General Tree Level 

Quarter Amount of topics Credits per quarter Topics 

1 6 32 Engineering Introduction 
Inducement to University life 

Mathematics workshop 
Introduction to Physics 

Laboratory of Chemical Reaction 
Atomic Structure an Chemical Bond 

2 5 33 Complements of Mathematics 
Introduction to Calculus 

Cinematic and Dynamic of Particles 
Laboratory of Structure and Material Properties 

Structure and Material Properties 

3 6 
 

40 
 

Structured Programming 
Differential Calculus 

Thermodynamic 
Laboratory of Particle Moving 

Dynamic of Rigid Matter 

4 1 9 Integral Calculus 

5 4 37 Numerical Methods in Engineering 
Statistics and Probability 

Differential Equations 
Laboratory of Rigid Matter and Oscillations 

Introduction to Electrostatic and Magnetostatics 

The main goal of this work is to obtain a relationship between performance of students in the 
university, with the distribution of studied topics in each one of the periods (in this case, quarters) they 
performed across an specific group of topics in a study plan. The performance is considered like the 
number of quarters in which she/he finished some topics. The performance of the relationship will be 
based in the GPA obtained for each student in a certain scholar period. 

1.1 Related Works 
This work uses some Data Mining (DM) techniques and applies the concepts of Educational Data 
Mining (EDM) [1] that is a branch of DM which main goal is to generate information that allows 
improving educative processes and activities. For the analysis stage, a process for obtaining 
knowledge was followed, the general steps of some methodologies like Knowledge Discovery in 
Databases (KDD) or Cross-Industry Standard Process for Data Mining (CRISP-DM) [2] offers formal 
steps for obtaining knowledge form big amount of data, in particular, the last one was followed in this 
work. 

The analysis of curricula or study plans is not a frequent topic in EDM, however, some works can be 
found about this theme. In [3], a study plan impact over student performance is made, in this work, it is 
evaluated the degree in which students follow the topics in a study plan, also some models are 
generated for predicting the GPA according the order of topics suggested by a tutor showing that 
recommendation from tutors can improve the performance of the students measured with GPA. 
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In [4], it's presented the concept of storyboarding, which refers to a road map that can be followed, 
and changed, according certain characteristics and can be applied to a course, a topic to teach or 
even to a complete study plan. The work is focused mainly in composing a curricula considering 
learning styles for creating personalized maps for students according the experience of previous 
generations and their personal characteristics. 

In [5], it's created a model for predicting the GPA of students that is based on the possible combination 
of topics they could course, a similarity measure according the ones coursed by later students, for 
avoiding the problem of obtaining results from non existing topics combinations, a similarity measure 
it's also developed. 

An extension of the later work is presented in [6] where obtained models are combined with the 
concept of storyboarding for constructing a tree structure that could represent a road map for obtaining 
the best performance for a student considering GPA as the way for evaluating it. 

2 EFFECT OF STUDY PLAN DISTRIBUTION 
For this work, 780 students from the Computing Engineering study plan [7] were considered, but only 
281 have passed the topics of the GTL. Students were divided in three groups: Group one: the ones 
which finished GTL in a reasonable time (less than 7 quarters), second group: those who finished in a 
higher time (8 to 9 quarters) and finally, the third group: the ones which have finished in a longer 
period (10 or more quarters). Total of students considered was 281, the first group has 95, the second 
73 and the third one, 113 students. 

For each group, it was obtained the GPA and the relationship between the topics they studied per 
period with the distribution of topics presented in the study plan or this level. This will allow to 
determine if the distribution of topics per quarter is adequate and to suggest modifications to the 
analyzed plan. The information that is analyzed corresponds to the academic record (known as kardex 
in the university) of students, a period of 10 years is analyzed, from (2005 to 2015). 

The study plan is supposed to show the quarter in which every student is, however, it's difficult to 
establish this because a student can course a topic from one quarter in a different one, so, to establish 
the quarter in which a student it's situated, it was considered the amount of credits of every student at 
the moment of perform this study, note that only the studied topics that belong to the GTL were 
considered. 

For modeling, some correlation techniques were used, this generated information about the effect of 
studying a certain set of topics, and they allow to determine if the combination of these ones produces 
an acceptable GPA, also could help to recommend students which topics should study in each one of 
the periods of the this level in the study plan. The obtained results allow determining if the distribution 
of topics over a study plan is affecting the performance of the students, so it becomes a problem for 
finishing the GTL in a suitable period of time. 

2.1 GPA per period 
For obtaining the GPA, i the values for each mark presented in Table 2 were considered. Factors 
correspond to the numeric equivalence of each mark at UAM. NA has also a factor (5), but non-
approved topics are not considered in the credits x mark value, however, for the amount of attempted 
credits, the credits of al coursed topics, approved or not, were considered. 

Table 2.  Factor considered for each mark 

Mark Factor 

MB 10 

B 8 

S 6 

It was averaged the GPA of each group of students per period considering the GTL topics coursed 
while he/she was in a certain quarter. Table 3 presents the average of each group per quarter. 
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Table 3.  Average GPA of each group per quarter 

Group Quarter 1 Quarter 2 Quarter 3 Quarter 4 Quarter 5 

1 8.27 8.3 8.22 8.24 7.92 

2 7.94 7.82 7.64 7.79 7.43 

3 7.89 7.34 7.54 7.82 7.4 

This information is presented in Figure 1. Lines indicate the value of the expected GPA, obtained 
considering the different possible marks, MB (Very Good), B (Good), S (Sufficient) in each topic. 

 
Figure 1. Average GPA for each group per quarter. 

2.2 Relationship between students and study plan structure 
For obtaining the relationship between the distribution of topics in GBL specified in the study plan and 
the way the students course each topic, the Jaccard coefficient was used, which is based in 
comparing two sets with different elements in order to obtain a similarity measure between them [8]. 
Jaccard coefficient can be expressed as in (2). 

! !,! =   
! ∩ !
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=
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(2) 

Five sets were created, one for each one of the quarters of the GTL specified in the study plan. Each 
set correspond to the topics specified in the study plan, this distribution corresponds to the one shown 
in Table 1 in Introduction section. 

The results show an average index of the relationship between the distribution of topics in the study 
plan and the way students courses them. A highest result, the maximum value is 1, indicates that the 
way a student study its topics it’s more related with the way they are specified in study plan. Table 4 
shows the average per quarter for each one of the groups. 
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Table 4.  Correlation between students per group with the study plan structure 

Group Quarter 1 Quarter 2 Quarter 3 Quarter 4 Quarter 5 

1 0.5437 0.4571 0.3037 0.0768 0.2046 

2 0.4481 0.3147 0.2201 0.05964 0.1337 

3 0.4327 0.225 0.1405 0.029 0.055 

These results are also presented in Figure 2. 

 
Figure 2. Correlation between topics in study plan and topics studied per quarter. 

2.3 GPA and Correlation of the GTL 
Joining the results and obtaining an average per group, the results presented in Table 5 were 
obtained. 

Table 5.  GPA and Correlation index for all the GTL per group 

Group GPA Correlation index 

1 8.19 0.3179 

2 7.72 0.2352 

3 7.59 0.1764 

Table 6 presents the results considering the GPA and Correlation index per quarter of the GTL, 
obtaining the average of the results of all groups. 
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Table 6.  GPA and Correlation index for all the GTL per quarter 

Quarter GPA Correlation index 

1 8.03 0.47 

2 7.82 0.33 

3 7.8 0.22 

4 7.95 0.055 

5 7.58 0.131 

3 ANALYSIS OF THE OBTAINED RESULTS 
From GPA table and graphic results, it can be seen that the difference between the three groups it’s 
not very significant, however, the group of students which have finished their GTL topics in less time 
has a better average, which represents that they obtain better marks and also pass more credits. 
Second and third groups are very similar, but there is a small difference that indicates that students for 
second group have a little better performance. 

It’s interesting to notice that the average of the best group is still a little away from the optimal average 
(10), according to the mark scale used in UAM, it could be considered as B (Good). 

About the correlation index, it also can be seen that the group of the best students considering GAP, 
has a better relationship between the way the study their topics and the way they are specified in the 
study plan. However, it’s important to notice that the greatest index (0.5437), which represents a 54% 
is far away from the 100%, this represents that the students in general don’t follow the order of topics 
in de study plan. 

These results can be confirmed in Table 4, where it’s presented that group one has a better GPA and 
a higher correlation index, notice that this group corresponds to students that finished this le 

Notice in Table 5 that the 4th quarter has the lowest correlation index, with an index average of 0.055 
for the three groups; this represents a 5% of relationship with the study plan. 

4 CONCLUSIONS AND FUTURE WORKS 
From the obtained results, it’s evident that students are not following the structure specified in the 
study plan. This possible means that it has to be analyzed and probably modified according the way 
students study their topics. The obtained GPA can be considered as good, but not excellent, with 
minimum value of 7.5 and approximately 8.0 as maximum. 

Using statistical and data mining techniques offers great opportunities of finding interesting patterns 
from many academic environment data, in this case, from academic marks. From this study, which 
main goal was to analyze the impact of a study plan over the performance of students, can be 
concluded that students that follow less the structure (group three) has a lower GPA and takes more 
time for finishing. However, the most interesting result obtained from this works it’s that students are 
not following the study plan, a problem that must be analyzed with the adequate instances. 

As future works form this study, other study plans in UAM can be analyzed, or some modifications can 
be performed for other HEI with different time periods (for example, semesters). The generated 
models can be used for creating intelligent topic recommendation systems which indicates the student 
the topics to study in a certain period according the marks obtained in later ones and considering the 
historic of other students that studied the same or a similar set of topics. 
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