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Abstract. The work of a teacher is dynamic. Year after year it is nec-
essary to adjust the contents and the methodology to the features of the
students and the changes in the profession. The authors of this paper
are aware of these needs and have been adapting over time a basic pro-
gramming subject of the degree in Computer Engineering. The objective
of this work is to analyse how the different teaching methodologies used
in an introductory course to programming during several academic years
affect the students’ performance. For this purpose, the students’ aca-
demic performance has been collected (the final grade in the first call of
the subject) and they have been confronted with different input variables:
methodology used (three methodologies: lecture, flipped learning, hybrid
methodology), gender and university access grade. The article shows the
results of this analysis and establishes the possible correlations between
the variables studied.

Keywords: Programming teaching · Teaching methodologies ·
Flipped learning · Lecture

1 Introduction

The teaching-learning process is highly complex as many factors influence its
success. Basically it involves two agents, teachers and students [1].

From the point of view of teaching, the main protagonist is the teacher while
the student acquires all the protagonism considering the facet of learning. In
any teaching-learning model, a structured plan must be drawn up that can be
used to configure a syllabus, to design teaching materials and to guide teach-
ing in the classroom. Many authors present different classifications of teaching
methodologies [2]. Among them, Bruce Joyce and Marsha Weil [3] argue that
there is no perfect or unique methodology, as there is no model capable of coping
with all learning styles. It is evident that each person has a different learning
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style according to his or her individual abilities. This means that the teacher
must be aware of these differences and establish different teaching strategies in
order to reach each student [4]. Even so, within a course the same activity is
seen differently by each student.

These characteristics oblige the teacher, and in our case the university
teacher, to try to improve not only their knowledge on the subject, but also
the way of teaching it. Year by year, they research and put into practice differ-
ent methodologies and techniques so that their students can better assimilate
the knowledge, competences and skills corresponding to the subject [5]. This
motivation on the part of the teacher is important because as time goes by it
improves the way in which the subject is taught.

This continuous change in teaching methodologies generally leads to greater
success in student learning. Although this is the case in most situations, it is
important to analyse the academic results of students year after year. In recent
times, lecture have been widely denigrated in favour of more active methodolo-
gies such as project-based learning, gamification or flipped learning [6].

Computer programming is a basic subject in any computer curriculum. In the
specific case of an introductory course to programming, the teacher asks many
questions about how to teach it. Many doubts arise about which programming
language to use, which paradigm, and so on. The teaching methodology to be
used is no exception: lecture? flipped learning? project-based learning? Regard-
less of the methodology used, it is essential to analyse the results obtained with
it. Sometimes, it is thought that more modern techniques are better than more
traditional procedures. This is not always so, it is important to review the results
obtained to see if effectively using new methodologies makes students learn
better.

This paper analyses different teaching methodologies that have been used
from the academic year 2011-12 to the academic year 2017-18 to determine if
there is a correlation with the academic results obtained. Although the main
objective of this work is to determine whether the methodology influences the
results, other possible influencing factors have also been analysed, such as the
university access grade or the student’s gender.

The document is organised as follows. Section 2 presents the context of
the research. The teaching methodologies are presented in Sect. 3. Section 4 is
devoted to explain how each methodology has been applied. The studies car-
ried out to determine the possible relationships between the variables analysed
(methodology, gender, access grade) and the results obtained (subject grade) are
shown in Sect. 5. Finally, the conclusions resulting from this work, as well as the
possible lines of future work, are presented in Sect. 6.

2 Context

The subject of this research is an introductory subject to programming. It is
taught in the first year of the Bachelor’s degree in Computer Engineering. It is a
degree with a large volume of students, so there is a wide variety of data, about
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a thousand samples. With these data, a study is developed in which the results
obtained in the subject are analysed according to the access grade, the gender
and the main focus of this study, the methodology used.

This subject is the first contact of many students with computer program-
ming. Some of the students, a minority, have notions of this subject because they
have taken a programming course before starting university studies. However,
for most students this subject is the first encounter with this field. This study
will focus on the latter, that is to say, on those students who come from sec-
ondary school and who, therefore, have had little or no contact with the subject
analysed in this work.

It is an introductory subject with the following objectives:

– Ability to solve problems with initiative, decision making, autonomy and
creativity.

– Analyze problems that can be solved by computer and design algorithms to
solve them.

– Implement algorithms using structured programming techniques.
– Understand and know how to use a high level language.
– Understand the implications of the work of a programmer, individually and

as a member of a team.

The content of the course includes data types, control sentences (conditionals
and loops), modular programming, recursion, arrays, records and basic notions
of how to measure the computational cost of an algorithm. The programming
language used is C. Development environments are not used because the subject
teachers are interested in students learning to differentiate basic concepts such
as source code, executable code, compiler, and so on. A Linux terminal is used,
using the commands to call the compiler and to run the program. Although the
use of an integrated development environment would be more comfortable for
them, from the point of view of the teachers, the student learns better the basic
concepts using this system.

The essential objective of the course is that students learn to solve problems
and are able to propose an efficient solution by means of a high level language.

3 Teaching Methodologies

There are multiple teaching methodologies that can be put into practice in the
classroom: flipped classroom [7], micro flip teaching [8], project-based learn-
ing [9], cooperative learning [10], gamification [11], problem-based learning [12],
design thinking [13], thinking-based learning [14], and so on. Normally, the
teacher chooses the methodology that he or she believes will work best with
the students. This would be the ideal case but it is not always possible and does
not always work as expected. The teacher is subject to a number of constraints
that also determine the methodology that can be used:

– Temporary restrictions: the time dedicated to the subject, as well as the
moment in which it is taught, cannot be modified.
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– Quantitative restrictions: the number of students per classroom limits in many
cases the methodology to be used.

– Spatial constraints: for instance, the configuration and location of the tables
in the classroom often does not facilitate the use of some methodologies.

For example, more active and participatory methodologies on the part of
students often require small groups. There are also methodologies that, by their
nature, require the student to have a significant amount of time to research and
usually it is necessary to adhere to an academic calendar that severely restricts
deadlines.

In the subject Programming 1, since the academic year 2011-12, two well-
differentiated teaching methodologies have been used and a combination of both.
The main characteristics of these methodologies are listed below.

3.1 Lecture

This method could be defined as the set of theoretical or practical knowledge
given to apprentices by the master of a science, art or craft [1].

The lecture is the traditional method used in teaching. Although it has draw-
backs [15] (it favours passivity in the student, reduces information sources to the
teacher’s word etc.), it also offers the advantage that it allows the quick transmis-
sion of a large volume of knowledge. In addition, it facilitates the comprehension
of complex knowledge, since the teacher is in charge of simplifying the concepts
to adapt them to the students’ level of knowledge. Part of the teacher’s job in
preparing the lectures is to document himself or herself in an appropriate manner
by consulting various authors on the subject. Therefore, although the student
does not consult other sources of information, the teacher will have done so and
the lessons should show this diversity in knowledge. Another important advan-
tage of the lecture is that the students usually feel more secure in the knowledge
conveyed by the teacher than in their own research on the subject.

A good lecture consists of four phases:

1. Preparation and design: objectives formulation, contents organization, activ-
ities preparation for students. This phase would be prior to classroom action.

2. Introduction: capturing the audience’s attention, establishing relationships
with the group, arousing interest, motivating towards the task, objectives
presentation, introductory general summary, and so forth.

3. Body: content structuring, maintenance of attention and interest, adequate
speed and rhythm, expressiveness, etc.

4. Conclusion: intensified retention, emphasis on main ideas, questions, sum-
mary, etc.

3.2 Flipped Learning

Flipped learning is a methodology widely used today [16,17]. With this type of
technique, students are provided with a series of materials to prepare the course.
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Normally, face-to-face sessions are left to solve doubts or do exercises. Before the
face-to-face session, the student must have worked on the subject in order to be
able to ask the teacher any doubts that may have arisen. It is also common
practice to establish some milestones (report delivery or exercises) during the
teaching period of the subject. These methodologies rely on techniques that
actively involve students and give them a leading role in their own learning.

By means of flipped learning techniques, the student can establish his own
work rhythm. In the specific case of a subject belonging to a university degree,
as it is the subject we are talking about, this is so to some extent. The student
is provided from the beginning with all the teaching materials (both audiovisual
and written). It is obvious that the student can establish a learning rhythm
higher than the one initially set by the teachers, but it is also true that the
student has to respect a minimum speed set by the different deliverable activities,
each of which has a deadline.

4 Practical Implementation

The authors of this work have been teaching programming for more than twenty
years. This section explains in a concrete manner the way in which the subject
has been taught from the academic year 2011-12 to the academic year 2017-18.
Different methodologies and approaches have been followed in each academic
year. All this with the very complicated aim of ensuring that students acquire
the knowledge, skills and abilities involved in computer programming. Differ-
ent techniques have been used in both theory and practice over the years, but
the main changes have occurred in theory. The practical classes have always
been taught in a similar way: the students are dedicated to doing programming
exercises, so that from a given problem, they find an efficient solution in which
they use the appropriate structures, asking the practice teacher when they have
doubts. From one course to another there are some variations in the way of
evaluating the practice. There are always two practice exams, but in addition,
some years some additional control has been incorporated. In addition to this,
there have been courses in which a competition of practices has been organised
to foster the motivation of the students. Table 1 shows in a schematic way the
methodology used in theory and practice classes, as well as other data related
to the way of teaching the subject.

4.1 Lecture

Computer programming is an eminently practical subject. In addition, it is char-
acterized by a double aspect: it presents a rigorously technical character with
methods characteristic of an engineering as well as requiring an important cre-
ative component, as Andy Hertzfeld, co-designer of Macintosh, comments in Pro-
grammers at Work [18]. These characteristics of programming make the lecture,
in its strictest sense, not the most appropriate methodology for this discipline.
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Table 1. Methodology used each academic year

Year Theory Practice Competition

2011/12 Lecture -5 paper controls No

-2 practice exams

2012/13 Lecture -3 paper controls No

-2 practice exams

2013/14 Lecture -peer reviewed paper
control

No

- access to a practice
requires that a
particular exercise of the
previous practice has
been delivered

-2 practice exams

2014/15 Lecture -peer reviewed paper
control

Yes

-2 practice exams

2015/16 Lecture -peer reviewed paper
control

Yes

-2 practice exams

2016/17 Flipped learning -2 practice exams No

2017/18 Hybrid methodology -2 practice exams No

It is necessary to incorporate multiple examples during the exposition, as well
as to intercalate practical activities to be developed by the students.

From year 2011/12 to year 2015/16 the lecture with examples and practi-
cal exercises has been the methodology used for the theoretical sessions of the
subject. It is important to point out that although all teachers share the same
teaching material, the characteristics of the specific group of students to whom
the session is addressed, as well as the character of the teacher, greatly influence
the way the session is given. Working with a small group of 20 students is not
the same as working with a group of 100 students. Similarly, the attitude of
the students, which has a great influence on the final result, may also be very
conditioned by their profile: age, access studies, family situation, etc.

Although the lecture usually requires little or no student participation, this
is not really how it develops in our classes. During the session, concepts are
explained and student participation is encouraged through exercises, compar-
isons with real situations, comments on habits and even exposition by students
of their own proposed solutions.
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4.2 Flipped Learning

A class based on flipped learning requires prior involvement of the students,
which seems to be ideal for this subject. For this reason, in the academic year
2016/17 the teaching staff of the subject decided to implement this methodol-
ogy for the theory sessions. At the beginning of the course all materials were
provided, as well as the planning of deliverables. Approximately every week, the
students had to deliver some basic programming exercises corresponding to the
theoretical concepts on which they were going to work during the face-to-face
session. It is important to point out that the students had to review the materi-
als and send the deliverables before the face-to-face session, that is, without the
teacher having explained anything about this topic. The first part of the session
was dedicated to solving doubts, as well as to commenting on the main errors
detected in the deliverables sent. This meant that the teacher had to review the
deliverables before the face-to-face session in order to be able to address errors
in the exercises. The second part of the session was devoted to solving more dif-
ficult exercises. Specifically, 12 deliverables were planned for the period between
September and December.

An important part of the teacher’s task during the correction was based
on providing feedback to the student. This task was very laborious, given the
volume of students enrolled in the subject, but very useful in motivating the
delivery of the exercises.

4.3 Hybrid Methodology

The implementation of flipped learning during the 2016/17 academic year pre-
sented some drawbacks. The first topics corresponding to simple concepts such
as conditionals or loops did not present much difficulty. The students managed
quite well with the supplied materials and were able to solve the deliverables
without major problems. The complications started when they started working
with the modular programming materials. In spite of the fact that the materials
had a special emphasis on the parameter passing, as well as on the decomposition
into modules, the students did not assimilate it correctly and had difficulties in
making the deliverables. It is also true that in previous courses, in which lecture
were used, this topic had always generated many complications.

The other major problem that arose was due to the enormous amount of
exercises that the teacher had to review before each face-to-face session in order
to be able to address the main faults detected.

Given the volume of students each teacher had, an excessive amount of time
had to be devoted to reviewing deliverables properly and providing students with
feedback on their work. As mentioned above, individualised feedback is essential
for the students to learn from their mistakes and be able to progressively improve.

The main problem, though, arose when students, lacking the habit in this
type of methodology, considered that it was essential to provide correct exercises
and frequently resorted to copying them from other classmates or other sources.
They had been strongly insisted that the important issue was to perform them,
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even if they were not functioning well, since the aim of this type of task is
to think, to analyse the problem and thus see whether or not one is capable of
providing a solution. However, if the student did not make his own developments,
the main advantages of this methodology were completely lost. Actually, the
problem of applying this methodology is not the methodology itself, but the fact
that since they have started school they have been taught to memorise and then
release what has been memorised. Rarely have they been taught to think [19].

Analysing the problems derived from the use of this methodology, it was
decided to implement in the academic year 2017/18 a hybrid methodology in
which for the initial topics (conditionals and loops) the flipped learning scheme
was followed. Two deliverables corresponding to these two topics were pro-
grammed. For the rest of the topics of the subject, a lecture scheme was fol-
lowed, complemented with 4 deliverables corresponding to modular program-
ming, recursion, arrays and records. In addition, the students were provided
with an automatic corrector that they could apply to the modular programming
and recursion deliverables. If they used the template supplied for these deliver-
ables they could run their programs with different test cases and the corrector
indicated whether or not there were operating errors.

Both teachers and students have perceived that this hybrid methodology
provides more satisfactory results. However, the problem of copying was still
present. This is an issue for which no solution has been found, since the aim of
the deliverables is for students to work and make mistakes, but they prefer to
copy an exercise that works from another colleague.

5 Results

This section shows a detailed analysis of the results obtained by students from the
academic year 2011-12 to 2017-18. Although each course has followed different
techniques to teach the subject, it could be said that basically three techniques
have been used:

– Lecture: from year 2011-12 to 2015-16. Data are available for 888 students.
– Flipped learning: year 2016-17. Data are available for 148 students.
– Hybrid methodology: year 2017-18. Data are available for 141 students.

The technique followed to find out if there is a relationship of dependence
between two variables has been the technique ANOVA (ANalysis Of VAriance)
[20,21]. Following the terminology of this technique, the independent variable
will be called factor and the dependent variable will be denoted as response. In
this work, a one-way ANOVA will be applied since only one factor is analysed
for each case presented. The application of the ANOVA technique is based on a
hypothesis contrast. The null hypothesis that is contrasted is that the population
means are equal:

H0: means are equal
H1: means are not equal
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If the null hypothesis is accepted, it means that the population groups do
not differ in the mean value of the dependent variable and therefore the mean
value can be considered independent of the factor. In order to contrast the null
hypothesis, the value of Snedecor’s distribution F is calculated and if it is greater
than the critical value, the null hypothesis is rejected [22].

Given that there are three methodologies to be analysed, the data have been
grouped into three groups: one for the years in which lectures have been used,
another for the year in which flipped learning was used and another for the
hybrid methodology.

The objective of the study is to detect whether the teaching methodology is
related to the results obtained in the subject. In addition, it also aims to analyse
other factors of possible influence such as the student’s gender and the university
access grade. In order to be able to apply the ANOVA technique, the groups
under study must follow a normal distribution. Figure 1 shows the distributions
of the grades for the three teaching methodologies and for the gender of the
student. As can be seen, the distributions of population groups can be assumed
to be normal.

Each academic year there are two calls to pass the subject, so that students
who fail the first call have the opportunity to pass in the second. In order to
make the contrast in the most similar conditions between years, only the first
call of each academic year analysed has been considered. In addition, repeat
students have not been considered, since they could affect the result since the
second year they take the subject they already have knowledge that the rest of
the students do not have.

(a) Teaching methodologies (b) Gender

Fig. 1. Grade distributions

5.1 Teaching Methodology - Final Grades

This section shows the study carried out between the teaching methodology used
and the final grade obtained by the student.

Applying the ANOVA technique gives a value F = 14.6742124, the critical
value is 3.0033766. Since the value F is greater than the critical value, the null
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hypothesis is rejected and it is concluded that there is a relationship between
the teaching methodology used each academic year and the grades obtained
by the students. Figure 2 shows a diagram representing the final grade for the
three methodologies analysed. The line joins the average grade obtained for each
methodology. It can be seen that the average grade has increased slightly with
the hybrid methodology.

These results confirm the initial impression of the teachers of the subject
that the use of a combined methodology presents the advantages of the two
methodologies used and at the same time compensates for their shortcomings.
This subject is developed during the first four-month period of the first year.
The students have just begun their university life, are a little disoriented and
do not know how the University works. A pure flipped learning methodology
is too radical for them, while the lecture makes them maintain a too passive
attitude. After trying different strategies, it seems that what works best is to
combine both techniques to take advantage of the lecture for complicated con-
cepts while simpler concepts can be assimilated with a more student-dependent
methodology. In addition, the fact of introducing some content through flipped
learning prepares the students so that in later courses they can introduce this
methodology in a more complete way.

Fig. 2. Mean and standard deviation: Teaching methodology - Final grades
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5.2 Gender - Final Grades

In this case, the study carried out between the student’s gender and the final
grade obtained is shown. Data are available for 162 women and 1015 men. Com-
puter Engineering is a degree whose students are mostly men, due to this fact
there is so much disparity in the number of samples.

When applying the ANOVA technique, a value of F 1.43 has been obtained,
the critical value being 3.84. Given that the value of F is lower, the null hypothe-
sis is accepted, which means that the population groups do not differ in the mean
value of the dependent variable and therefore this mean value can be considered
independent of the factor.

Figure 3 shows a diagram representing the mean and standard deviation
obtained in the subject grade for the two population groups: men and women.
There are no significant differences between the two groups.

Fig. 3. Mean and standard deviation: Gender - Final grades

5.3 University Access Grade - Final Grades

This section shows the study that has been carried out between the student’s
university access grade and the final grade obtained by the student. The number
of samples available is 1177.

In this case, since both variables are quantitative, a linear correlation analysis
has been performed to detect possible relationships between the variables [23].
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There are several coefficients that allow quantifying the degree of linear relation-
ship between two variables. In this case the correlation coefficient of Pearson [24]
has been used. The value obtained was 0.5. This is a middle value that indicates
that there is a moderate linear relationship.

Figure 4 shows a diagram made for the two variables object of this analysis:
university access grade and final grade obtained in the subject. Students who
have a very high access grade (12–13 points), obtain high grades in the subject.
On the other hand, students with low access grades (5–7) obtain low average
results in the subject. In the latter cases, the variance has high values. This may
be due to the fact that there are students who have a low access grade because
the access grade measures the average of the subjects that the students have
taken in their pre-university stage, where there are subjects that they do not
like or they are not good at. When the students begin their university stage,
they are taking a discipline closer to their preferences.

Fig. 4. Mean and standard deviation: University access grades - Final grades

6 Conclusions and Further Work

This study has served to verify possible factors of influence on the final grades
obtained by the students in a course of introduction to programming.

In order to carry out the study, the ANOVA technique was used, based on
a hypothesis contrast. After compiling the data of the students of the degree
in Computer Engineering from the academic year 2011-12 to the academic year
2017-18, different analyses have been carried out to determine the relationship
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between the final grade obtained by the students and variables such as the teach-
ing methodology used, the gender of the students and the university access grade.

The first study has shown the results of the ANOVA technique between the
teaching methodology and the final grade. Analysing the results obtained, it is
detected that the use of a hybrid methodology (lecture and flipped learning)
seems to be more convenient for the subject under consideration.

The second study analysed the relationship between the gender of the stu-
dents and the final grade. In this case, there is a great difference in the number
of samples between both populations, since it is a degree in which the majority
of students are men. However, the analysis carried out allow us to state that
there are no significant differences in the subject grade between both groups.

The last case shown analyses the relationship between the university access
grade and the final grade. For this last study, a linear correlation analysis has
been carried out since both variables are quantitative. The correlation coefficient
obtained indicates that there is a moderate linear relationship between both
variables.

This work is considered the seed for future research where other possible
influencing factors will be analysed. In addition, it is also intended to perform
factorial variance analysis with ANOVA models where the influence of two or
more factors on the dependent variable is studied. In these experiments the
interaction of several factors can be considered.
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ing in engineering higher education: two decades of teaching competences in real
environments. Procedia - Soc. Behav. Sci. 2(2), 1368–1378 (2010)

https://doi.org/10.1007/978-3-319-91743-6_30
https://doi.org/10.1007/978-3-319-91743-6_30


Effects of Teaching Methodology on the Students’ Academic Performance 345

10. Spencer, K.: Kagan Cooperative Learning. Kagan Publishing, San Clemente (2009)
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