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Abstract. The quality of university teaching is essential for the suc-
cess of students and the academic excellence of an educational insti-
tution. The purpose of this work is to provide a methodology based
on the Association Rule technique using the Apriori algorithm to ana-
lyze the results obtained from the student evaluation process regarding
their satisfaction with the teaching received. This methodology has been
applied in programming courses of students of several courses both in
the Computer Engineering and Health Engineering degrees at Univer-
sity of Seville, Spain. The proposed methodology can serve as a starting
point for a self-improvement process that clearly identifies strengths and
weaknesses.
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1 Introduction

The quality of university teaching is essential to the success of students and the 
academic excellence of an educational institution. Teachers must have effective 
teaching skills, stay up-to-date in their field of knowledge, create an inclusive 
and respectful learning environment, and be committed to the success of their 
students [4,11].

There are various mechanisms to evaluate teaching quality, which can include 
evaluations by students and colleagues, self-assessments, performance indicators, 
and data analysis [9]. Each mechanism can provide a different perspective on 
teaching quality and it is important to use a variety of approaches to obtain a 
complete picture of teaching effectiveness.

Among the usual indicators in these models, one of the most commonly used 
mechanisms to evaluate teaching quality is the implementation of student surveys 
to determine the level of satisfaction of students with the teaching activity of 
the faculty [3].
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Despite the data provided by these surveys, which would allow us to see if
our average rating is better or worse compared to that of the rest of the teaching
staff in the same area, degree or university, it would be necessary to evaluate
these surveys in more detail to extract useful knowledge that helps us determine
whether our teaching activity is of high or poor quality and which aspects should
be improved. Another important aspect is to determine whether the scores pro-
vided are associated with the teachers or with the subject. Additionally, it would
be interesting to analyze these questionnaires to better understand students and
the environment in which they learn [5,7,10].

In this context, data mining techniques can be useful for analyzing the results
of quality education surveys. In particular, the Association Rule (AR) technique
is used to discover relationships and patterns between variables in a large dataset
[1]. The Apriori algorithm is one of the most widely used algorithms for discov-
ering AR due to its ability to efficiently find frequent patterns in large datasets
and generate easily interpretable results [2].

Therefore, this work aims to provide a methodology based on the AR tech-
nique using the Apriori algorithm to analyze the results obtained from the stu-
dent evaluation process regarding their satisfaction with the received teaching.
The proposed methodology has been applied in programming courses of students
of several courses both in the Computer Engineering and Health Engineering
degrees at the University of Seville, Spain (US).

The remainder of this paper is structured as follows. Section 2 provides the
main concepts of AR mining. Section 3 describes the data and the methodol-
ogy used to obtain the survey rules. Section 4 presents and discusses the rules
obtained after applying the methodology. Section 5 summarizes the main findings
of this study.

2 Association Rules

Acquisition of knowledge through the use of ARs is a widely recognized and
popular technique in the field of data mining to uncover interesting relationships
among variables in large databases [2]. Rather than predicting the class of new
data, AR aims to identify patterns that explain or summarize the data and are
used to explore the properties of the data [1].

These rules are typically presented in the form of “if-then” statements,
where the antecedent (if) represents the condition or item set, and the con-
sequent (then) represents the outcome or item set that tends to co-occur with
the antecedent.

The literature proposes several probability-based measures to assess the qual-
ity of ARs. In this work, we have selected the measures support (Eq. 1), confidence
(Eq. 2), and lift (Eq. 3) to evaluate and analyze the AR obtained in order to assess
the generality, reliability, coverage, and interest of the rules, respectively [8].

The support of the rule X =⇒ Y is the percentage of transactions in the
dataset that contain the items in X (antecedent) and Y (consequent) simultane-
ously. Note that frq(X,Y ) is the number of instances that satisfy the conditions
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for the antecedent X and Y in the dataset simultaneously. N is the total number
of instances in the dataset. The support values range in the interval [0, 1].

Support(X =⇒ Y ) =
frq(X,Y )

N
(1)

The confidence is the probability that instances containing X, also contain
Y . The confidence values range in the interval [0, 1].

Confidence(X =⇒ Y ) =
frq(X,Y )
frq(X)

(2)

Lift is another quality measure that captures the correlation by indicating
whether the antecedent positively (lift > 1) or negatively (lift < 1) influences
the consequent.

Lift(X =⇒ Y ) =
Support(X =⇒ Y )

Support(X) · Support(Y )
(3)

The Apriori algorithm proposed in [2] is the most well-known and cited algo-
rithm in the literature to find AR and is the basis for most existing algorithms.
The main improvement over the previous algorithms lies in the way candidate
sets are generated, as it enforces the property of frequent sets: Any subset of a
frequent set must also be a frequent set. This property ensures that many of the
frequent sets required by other algorithms are not constructed unnecessarily.

This algorithm is based on prior knowledge or “a priori” of frequent sets,
and uses a breadth-first search strategy. Note that this algorithm obtains AR by
discretizing continuous values in the database prior to processing.

Conceptually, the Apriori algorithm has the following steps for generating
frequent itemsets:

– Generation of all itemsets with one item. Use these itemsets to generate those
with two items, and so on.

– Calculation of the support of the itemsets, in order to obtain the resulting
set by eliminating those subsets that do not exceed the minimum support.

The algorithm addresses the problem by reducing the number of sets considered
so that the user defines minimum support and Apriori generates all sets that meet
the condition of having support greater than or equal to that threshold. Any rules
that do not satisfy the restrictions imposed by the user, such as the minimum
confidence, are discarded, and the rules that do satisfy them are retained.

3 Methodology

This section details the context (Sect. 3.1), the main items analyzed (Sect. 3.2),
and preparation from student satisfaction surveys (Sect. 3.3).
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3.1 Student Satisfaction Surveys

The procedure for obtaining completed questionnaires from students regarding
the teaching activity of their faculty can be carried out using a self-managed
or online system. Each teacher can freely choose the system they consider most
appropriate. However, the online system is only available to faculty included in
the main activity of the subject, meaning that it is not available to lecturers
who only teach practical classes.

The items in the Student Satisfaction Survey Questionnaire with the US
Teaching Activity are organized into 18 questions, as shown in Table 1. It can
be observed that the questions are organized into four categories: educational
planning and organization (Q1, Q2, Q5, Q6, Q7, and Q8), student support (Q3,
Q4, Q9, Q10, Q11, Q12, Q13, Q14, and Q15), evaluation (Q17) and general
satisfaction (Q18).

Table 1. The items of the questionnaire of the student satisfaction survey with the
teaching activity using in US.

Questions

Q1: It has given me the orientation to learn about the teaching project of the subject

Q2: Its teaching is in accordance with the planning foreseen in the teaching project

Q3: I adequately attended tutorials

Q4: The tutoring schedule is adequate

Q5: The bibliography and other recommended teaching materials are proving to be useful for me to follow the course

Q6: The teaching is well organized

Q7: The means you use to teach are adequate for my learning

Q8: The bibliography and other recommended teaching materials are available to students

Q9: Explains clearly

Q10: Is interested in the degree of comprehension of their explanations

Q11: Provides examples to put into practice the contents of the course

Q12: Resolves the doubts that arise

Q13: Promotes a work and participation climate

Q14: Motivates students to take an interest in the subject matter

Q15: Treats students with respect

Q16: The teaching is helping me to achieve the objectives of the course

Q17: The evaluation criteria and systems are adequate to assess my learning

Q18: In general, I am satisfied with the teaching performance of this professor

3.2 Main Items Analyzed

In this section, the main elements assessed from the student satisfaction sur-
veys are presented. The various components, along with their descriptions and
potential values, are as follows:

– Question: refers to the question evaluated in the survey presented. The values
have been shortened to Qn, where n is the question number. There are 18
questions listed in Table 1.
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– Subject: indicates the subject in which the survey was conducted, such as
Algorithm Theory, Data Analysis, or Web Development. Subjects have been
abbreviated and may be represented by one of the following: ADDA (Analysis
and Design of Data and Algorithms), DT (Design and Testing), DSA (Data
Structures and Algorithms), MSIT (Management of Services and Information
Technologies), ISEIS (Introduction to Software Engineering and Information
Systems), OS (Operating Systems), or PF (Programming Fundamentals).

– Degree: represents the academic program in which the survey was conducted,
all of which fall under the computer science discipline. The values may be
one of the following: SE (Software Engineering), IT (Information Technol-
ogy), CE (Computer Engineering), or ITM (Information Technologies and
Mathematics).

– Course: refers to the period of years during which the survey was collected,
spanning from 2017-18 to 2021-22.

– ClassType: distinguishes between two types of classes: theoretical, in which
the teacher provides a theoretical explanation of the subject; and practical,
in which the class focuses mainly on student work, in addition to teacher
explanation.

– Covid: indicates whether surveys were conducted before 2020 (Precovid), dur-
ing 2020 (Covid), or after 2020 (Postcovid) [6].

– QType: differentiates between two types of questions: direct, which are related
to some aspect of the teacher or the teaching approach, and indirect, which
are generally based on some aspect more related to the subject than to the
teacher. Indirect questions include Q5, Q6, Q7, Q8, and Q17.

– Score: refers to the target of the analysis, which is the value of the student’s
answer in the range [1, 5] or Do not know /Do not answer (Dk/Da).

3.3 Analysis Process

To analyze the survey results, individual surveys are collected for each interested
teacher. The surveys include a table with each row representing a question and
columns displaying the different scores. The values in the table represent the
number of students who evaluated the question with a particular score. Addi-
tional information is included in the metadata, as detailed in Sect. 3.2.

Once the surveys have been collected, the tables are transformed to build an
itemset. For each score in each question evaluated by a student, a transaction
is built that includes all the metadata from the survey, as well as the specific
question and score obtained.

Finally, the Apriori algorithm described in Sect. 2 is applied to the item-
set. The algorithm uses minimum support and confidence to filter out irrelevant
features, which must be established based on the quantity and quality of the
target rules obtained. The output of the algorithm includes the rules and associ-
ated metrics. To eliminate redundant information, any rule with a subset of its
antecedents having the same or higher confidence is filtered out.



324 M. J. Jiménez-Navarro et al.

4 Results and Discussion

In this section, we present an analysis of 1673 surveys collected between 2017
and 2021, supported by the use of AR, which items are described in Sect. 3.2.
Our analysis focuses on rules with support greater than 1%, confidence greater
than 50%, lift greater than 1, and the score item as the consequent of the rule.
We divide this section into five subsections that describe the analysis, focusing
on the different items from the survey except for the Covid and QType as these
items usually appear just in combination with other items.

4.1 Overview

This section shows an overview of the main rules obtained by the study using
Fig. 1.

Fig. 1. Summary of the main rules obtained.

As observed, the items that appear as antecedents with a higher support
and confidence score of 5 in the consequence are Q15, direct questions, precovid
surveys, and the DGIITIM degree. For a score of 4, Q14, surveys collected during
postcovid, and the DGIITI degree seem to be evaluated with greater confidence
and support.
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4.2 Question

Table 2 displays the principal rules that contain the question item in its
antecedent sorted by confidence. To enhance visual clarity, the rules have been
condensed, highlighting the most illustrative ones. Some questions are not
included in the table, as the rules evaluated in our surveys did not produce
significant findings regarding support and confidence.

Table 2. Principal rules related to questions. The rules are summarized and sorted by
confidence.

Antecedents Score Support Confidence

{Q15,ADDA,2019-20} 5 0.016 0.963

{Q14,DIT} 4 0.012 0.909

{Q15} 5 0.054 0.882

{Q12,ADDA,Postcovid} 5 0.013 0.759

{Q12} 5 0.041 0.673

The top rule obtained contains Q15 item obtaining a maximum score of
88.5% confidence overall. The rule with best confidence establishes that during
the 2019-20 course, in the ADDA subject, the Q15 score was maximum with more
confidence. This appears to indicate that this group of students was particularly
satisfied with the treatment they received from their teacher, with an increase
in confidence of 7.8%.

Q14 exhibits a higher degree of variability; as a consequence, there is no
rule with this item in the antecedent. However, certain combinations with other
items yield useful information. All the rules discovered achieved a score of 4,
with confidence being particularly high in the DIT degree at 90.9%.

Q12 achieved a maximum confidence of 67.3% overall. This query achieved
the highest confidence score in ADDA subject and prior to COVID at a 75.9%
confidence level. This suggests that the scores in other subjects are more varied
and do not provide adequate support or confidence to draw any conclusions.

4.3 Subject

The rules in Table 3 show the antecedents related to the subject that have the
strongest correlation with scores of 4 or 5.

The first two rules ({DSA, 2021-22} and {DSA, Postcovid} antecedents)
suggest that students who took the DSA course during the 2021-22 academic
year or after the COVID pandemic rated the subject quality higher. These results
may indicate that changes in teaching methods or adjustments made in response
to the pandemic may have positively impacted subject quality. However, since
the support values are relatively low, we should be cautious when making strong
conclusions based on these rules alone.



326 M. J. Jiménez-Navarro et al.

The next two rules ({ADDA, Practical, Direct} and {ADDA, Direct}
antecedents) suggest that students who took the ADDA course and had direct
interactions with the professor rated the quality of the subject higher. These find-
ings align with common educational practices that emphasize teacher-student
engagement, which has been shown to positively impact learning outcomes. The
second rule with higher support value suggests that direct interactions with the
professor may be more important than other factors, such as practical sessions,
in determining subject quality for ADDA students.

Table 3. Principal rules related with the subject. The rules are summarized and sorted
by confidence.

Antecedent Score Support Confidence

{DSA, 2021-22} 4 0.034 0.559

{DSA, Postcovid} 4 0.034 0.559

{ADDA, Practical, Direct} 5 0.069 0.542

{ADDA, Direct} 5 0.250 0.520

4.4 Degree

Table 4 shows the principal ARs related to the degree of the students enrolled in
the courses. The rule {ITM, 2019-20, Direct} → 5 indicates that when a student
enrolled in ITM in the 2019-20 academic year gives a high score, it is a high
probability that they also responded positively to direct questions that evaluate
the professor. Similarly, the rule ITM, Theory → 5 indicates that when a student
enrolled in ITM takes a theoretical subject, there is a high probability that they
also give a high score.

Table 4. Principal rules related with the degree. The rules are summarized and sorted
by confidence.

Antecedent Score Support Confidence

{ITM, 2019-20, Direct} 5 0.044 0.881

{ITM,Theory} 5 0.056 0.797

{ITM} 5 0.097 0.706

{SE,2021-22} 4 0.034 0.559

{CE, Direct} 5 0.045 0.524

These results suggest that professors should pay special attention to their
performance when teaching theoretical subjects to ITM students, as this seems
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to be a key factor in obtaining high scores. Additionally, professors may want to
encourage students to answer direct questions in the survey, as these questions
are highly associated with high scores, indicating that they provide valuable
feedback for professors.

4.5 Course

Table 5 shows the main ARs related to the courses enrolled. Following the same
nomenclature as in the previous sections, we can see that {2017-18, Theory,
Direct} and {2018-18, Direct} → 5 indicate that the direct answers for the
2017-18 course get a 5 with a confidence of 52.4% and 51.8%, respectively. We
can see a similar rule ({2019-20, Theory, Direct}→ 5) for the 2019-20 course with
similar confidence (51.4%). On the other hand, there exists the rule {2021-22,
Practice, Direct}→ 5 that indicates with confidence of 50.5% that the questions
for the group of practices of the 2021-22 course on direct questions about the
teacher get a 5. Furthermore, we find {2021-22, Direct}, which with a confidence
of 50.1% obtained a score of 5.

Table 5. Principal rules related to the course. The rules are summarized and sorted
by confidence.

Antecedent Score Support Confidence

{2017-18, Theory, Direct} 5 0.045 0.524

{2017-18, Direct} 5 0.094 0.518

{2019-20, Theory, Direct} 5 0.096 0.514

{2021-22, Practice, Direct} 5 0.088 0.505

{2021-22, Direct} 5 0.127 0.501

5 Conclusions

This work presents a simple methodology for analyzing teaching quality using
association rules mining in student satisfaction surveys. This method is intu-
itive due to its “if-then” structure, which provides useful information about the
strong points and weak points during teaching. Additionally, the method is gen-
eralizable to almost any survey with minimal changes. In our study, most of
the rules obtained good confidence and support scores, indicating that students
are generally satisfied with the treatment of teachers. However, some aspects
still require reinforcement since rules related to important teaching skills do not
appear with sufficient confidence. This methodology can serve as a starting point
for a self-improvement process that clearly identifies strengths and weaknesses.

As future work, we intend to enhance our study by including surveys from
a greater number of years and a wider range of subjects. This will help us to
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enrich our analysis and yield more comprehensive findings. Additionally, we’re
interested in exploring additional types of academic data to uncover patterns
related to student dropouts within the university context.
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