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Abstract

Learning to write computer programs and engaging students in introductory

programming subjects are difficult tasks. This study presents the results ob-

tained when using flipped classroom and peer instruction methodologies in an

introductory course of programming. Before the lecture, out‐of‐class study and
on‐line homework questionnaires were applied, and peer instruction was used

in the classroom to encourage students' participation and discussion, assisted

by an on‐the‐fly assessment app. The main academic results, the degree of

involvement in the course activities, and the students' feedback were collected

and compared with similar data from previous academic years. Significantly

better pass (χ2 = 12.94, p< .001) and dropout rates (χ2 = 7.08, p< .01) were

obtained when using flipped classroom and peer instruction. Laboratory at-

tendance also improved significantly (χ2 = 27.62, p< .001). Our results showed

significant positive correlations between the work performed at home and the

grade obtained in the final exam (ρ= 0.51, p< .001). According to the students'

opinions, class preparation at home increased significantly (χ2 = 46.59,

p< .001) by 33% due to the new methodologies used. These results, based on a

sample of six offerings of the same programming course, suggest that the

application of flipped classroom and peer instruction improves the quality of

the autonomous work of the students as well as their involvement in the

lectures, and therefore, their knowledge acquisition improves.
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1 | INTRODUCTION

In the last 20 years, professors have increased the use of
technology as a way to extend and enhance students'
understanding. One of these strategies is the flipped

classroom methodology, which consists of providing the
students with instructional resources in advance, so that
they can access and study them outside the classroom
before the actual session. Then, the lecture time is de-
voted to working on the contents in greater depth with
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the support of the professor, clarifying those points that
are still unclear for the students and identifying common
mistakes. The interaction between the students in the
classroom is a key point of this methodology to engage
them in active learning [28]. In this way, students are
prompted to explore knowledge through inquiry and
collaboration, promoting a lively interaction within the
classroom, where the professor acts as a mentor instead
of a controller. As a result, positive effects are achieved
on the students' knowledge, skills, and engagement [23].

Peer instruction is a teaching methodology that en-
ables a student‐centered learning environment by repla-
cing some of the class time that used to be devoted to
professor explanations with a student‐focused activity.
This activity consists of using a set of carefully designed
questions to engage students in learning. Students dis-
cuss and analyze these questions in small groups and
answer them using any kind of electronic device that
enables both full participation and fast review of the
answers [6,22].

Our programming course is delivered in the second
semester (15 weeks) of the first year in the undergraduate
Software Engineering diploma at our university (the
students are majors). Our university is ranked at the
positions 700–800 (world) and 23–30 (country) according
to the 2020 Academic Ranking of World Universities
(http://www.shanghairanking.com). Specifically for the
Computer Science field, the ranking positions for our
university are 201–300 (world) and 3–6 (country). Our
university is public and the students mostly belong to
middle‐class families. Until the 2016/2017 academic year,
this programming course was taught using professor‐
centered lectures for theory classes (2 h/week, 30 h in
total) and programming assignments to be prepared at
home before the laboratory sessions (2 h/week, 30 h in
total). Additionally, at the end of each lesson, several
theory hours were dedicated to either problem‐solving
sessions (students were invited to volunteer) or colla-
borative work discussing exercises in small groups. To-
gether with the final written theory exam, students had
to take two practice tests (one in the middle of the se-
mester and the other one at the end) to assess the pro-
gression of their programming skills on the computer.

Although that variety of activities was planned to
facilitate student learning, the course had been showing
academic results below the expectations of its professors
for many years, especially in the final exam grades and
the dropout rate (i.e., the number of students who decide
not to take the final exam). This is a common place for
introductory programming courses because learning to
program a computer is a hard task [14,25]. After at-
tending a workshop on the flipped classroom and peer
instruction methodologies [21], the three professors of

the course decided to implement this methodology from
the 2017/2018 academic year to help improve those low
academic indicators.

The present study is based on a sample of 612 stu-
dents over six offerings of the same introductory pro-
gramming course, and shows the results of the
application of flipped classroom and peer instruction
methodologies, comparing them with those obtained in
the previous offerings using traditional teaching.

2 | RELATED WORK

There exist several reviews on research into flipped
classroom and its applications, both from a general per-
spective [1,7] and specifically devoted to Computer Sci-
ence education [9]. The main conclusions of these
reviews can be summarized in the following points:
(1) flipping the class is a way to improve learning per-
formance; (2) students show positive attitudes toward
this approach; (3) the methodology enables student en-
gagement; (4) there is a notable increase in the number
of class discussions; (5) students improve their co-
operative skills; and (6) they acquire better learning ha-
bits. Nevertheless, there are still some challenges that are
encountered: (1) preparing the classes and developing
the materials needed to flip the classroom require the
professors to spend considerably extra amount of time;
(2) sometimes, students are reluctant to accept a new
methodology; and (3) there is a risk that class attendance
could decrease, especially for courses with a high num-
ber of students.

Learning how to program is a difficult task, specifically
because it is a process that has a tedious nature and lacks
interpersonal interaction [2]. These factors do not help
students to engage in this kind of subject [4]. Horton et al.
[10] proved that flipped classroom helped improve the
final grades in an introductory course on programming.
Better motivation and a high implication of students in
class activities as well as an increase in class attendance
were achieved in an algorithmic thinking introductory
course [29]. Flipped classroom was adapted to a colla-
borative environment based on Facebook groups for
teaching programming [26]. The results of this study
showed that the use of this approach has a positive effect
on students' programming success and programming self‐
efficacy. Flipped classroom can also be combined with in‐
class mini‐lectures of 10–15min to better adapt the
methodology to large classes and avoid the typical self‐
learning problems because no professor can provide
complementary explanations [20].

In [12], Jonsson presents an approach based on
screencast videos where in‐class activities were centered
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on just‐in‐time teaching [24]. The results of this study
showed that this approach allowed not only to increase by
a third the number of students passing the course but also
to double the share of students with good grades. Lepp
and Tonisson [18] presented a combination of flipped
classroom, collaborative learning, and peer review ap-
proaches for developing workshops in an introductory
programming course. Most students acknowledged that
the flipped classroom approach helped them to learn
better and more than traditional lectures. Nevertheless,
contradictory results were found in [5], where the flipped
classroom offering of an introductory programming course
achieved a similar dropout rate and average grade to the
traditional course, but attendance at lectures decreased
because students thought that the new in‐class activities
were not as helpful as the traditional lectures. A conclu-
sion of this study was to incorporate peer instruction for
delivering the classes in future offerings.

The primary motivation for flipping a classroom is to
allow additional time for in‐class activities, including
active learning such as peer instruction. Several pre-
vious studies show that the main motivations to include
this methodology in class are to improve students'
learning and encourage them to become more involved
in classes [19,8]. Porter et al. [27] performed a large
study on the utilization of peer instruction in four
computer science courses involving several professors.
Their results showed that the adoption of this metho-
dology reduces fail rates (the rate at which students fail
to pass the course) by a per‐course average of 61%
compared to standard instruction. Another successful
experience of using peer instruction in an introductory
course to programming in MATLAB is described in [17],
in which the pass rate increased and the dropout rate
decreased when the new methodology was adopted.
However, not all experiences are positive. For example,
a study on applying peer instruction in a third‐year
computer science course aiming at increasing class at-
tendance [16] showed that the students' feedback on the
use of the new methodology was positive, although peer
instruction itself did not prove to be a useful strategy for
enhancing class attendance ratios.

Although significant research on applying flipped
classroom and peer instruction to teaching programming
has already been performed, almost all of the afore-
mentioned studies showed results for experiments car-
ried out with only one offering of the course and small
student samples. Moreover, very little is known about the
effect of using these two methodologies together in in-
troductory programming courses. Therefore, the goal of
the present study is to formally analyze this effect in a
study covering a sample of six offerings of the course and
more than 600 students.

3 | MATERIALS AND METHODS

3.1 | Subjects

We analyzed the academic results and the feedback of 612
students who were enrolled in the introductory pro-
gramming course in six academic years, from 2013/14 to
2018/19. Students who enrolled in the course more than
once were considered only once in our analyses; in those
cases, we selected the data of the academic year in which
the student took the final exam for the first time. For each
academic year, only data from students who at least took
one exam (either the final exam or one of the laboratory
exams) were considered. We were interested only in those
students who attended lectures regularly because they
could really be affected by the methodological changes. In
our experience, the students who regularly attended lec-
tures were the ones who performed daily activities and
finally took the exams. We selected those six academic
years because all of them shared the same contents, the
same set of assessment activities, and the same way of
monitoring attendance. To avoid biases in the statistical
analyses due to differences in the personal capacity of
each student, and therefore in the average level of the
students of each course, the individual grade obtained in
the entry exam to the university (admission grade) was
also compiled to incorporate it as a covariate in all sta-
tistical models. The course was taught by the same three
professors during all the academic years considered in this
study. Each one of the professors was in charge of one
theory group as well as several laboratory groups. Table 1
shows the demographic data of our study participants.

3.2 | Methodology

From the academic years 2013/14 to 2016/17, we deliv-
ered the classes using traditional lectures in which the
time dedicated by professors to explaining the concepts

TABLE 1 Study demographics

Year Students
Admission gradea mean
(standard deviation)

2013/14 99 7.34 (1.49)

2014/15 87 7.71 (1.89)

2015/16 100 7.58 (1.95)

2016/17 116 7.81 (1.57)

2017/18 119 8.28 (1.87)

2018/19 91 8.75 (1.82)

aThe maximum grade that can be obtained is 14.
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covered most of the class time. On the other hand, in the
academic years 2017/18 and 2018/19, we implemented a
flipped classroom approach together with peer instruc-
tion for in‐class activities. As explained above, the con-
tents of the course and their temporal distribution were
similar for the six academic years analyzed, except for
minor corrections due to bank holidays. Below, we detail
the course organization and all the activities carried out
for both methodologies.

3.2.1 | Traditional lectures

In the four academic years from 2013/14 to 2016/17, theory
lectures (1 h per lecture, two lectures a week, 30 lectures in
total) were delivered in a traditional way supported by ma-
terial such as slides and source code examples. The students
were provided with this material in advance. Laboratory
sessions (2 h per session, one session a week, 15 sessions in
total) were based on coding exercises that students had to
complete at home before the session. In the laboratory, the
professors discussed the solution of the exercises and at-
tended to particular doubts individually. Additionally, stu-
dents had to solve individually and on‐site a simple but
concise exercise about the session concepts in the last half
hour of each lab session.

Five 1‐h theory sessions (out of 30) in the course were
devoted to discussing and solving coding and design
problems in small groups. In addition, another six
1‐h sessions (out of 30) were devoted to exercise solving,
where students discussed their solutions in the classroom
with professors and classmates.

Students had to take a final theory exam that was the
same regardless of the professor and had the same
structure each academic year (several short‐answer
questions and two programming exercises). In addition,
students had to take two practice tests (one in the middle
of the semester and the other one at the end). The
questions in these lab tests were about the same concepts
for each lab group and each academic year, although the
test in each lab group had its own case study.

The final grade of the course (100%) was obtained
according to the evaluation of the activities described
above: final exam (40%), two lab exams (20% + 20%), lab
exercises (10%), and individual class exercises (10%).

3.2.2 | Flipped classroom with peer
instruction

Flipped classroom and peer instruction are the meth-
odologies that we used in the offerings of the course in
the academic years 2017/18 and 2018/19 (the academic

year 2019/20 could not be considered in this study due to
the different circumstances caused by the COVID‐19
pandemic). These two methodologies were applied to the
theory lectures. As in the case of the previous offerings of
the course, the final theory exam was the same regardless
of the professor and had the same previously described
structure. Laboratory sessions maintained the same
structure as in the previous course offerings. In the
programming course, the theoretical concepts are di-
rectly exemplified in the C++ programming language.
Code exercises to be solved in the laboratory are based on
the concepts discussed previously in the theory classes.

Out‐of‐class activities
Professors provided the students with a learning‐card
1 week in advance of each lecture so that they could
adequately prepare and learn the corresponding con-
cepts. Each learning‐card contained all the information a
student needed to correctly perform the out‐of‐class ac-
tivities, namely:

• Learning objectives of the session.
• Resources: The material the students had to work with at
home. The main learning resource we provided students
with consisted of sections of a reference textbook that
explained the concepts of the corresponding lecture. Ad-
ditionally, students had access to the supporting slides that
were used in previous years. These slides included code
snippets and links to several full code samples that stu-
dents could use to put the concepts into practice.

• Tasks: To guide and self‐check the result of their au-
tonomous study, a programming exercise was proposed
to the students. This exercise was simple and concise,
but focused on the new concepts of the lecture. Finally,
students had to answer a short on‐line multiple‐choice
test with three or four questions to self‐check their level
of comprehension. These out‐of‐class activities were
organized through the on‐line learning management
system provided by our university.

• Deadline: Students had a deadline to answer the short
questionnaire for each lesson. This deadline ended the
day before the lecture.

• Time for completion: An estimation of the time that stu-
dents were going to need to study the material and per-
form the out‐of‐class activities. The last question in each
questionnaire asked students about the time they actually
needed to study and complete the homework. In this way,
the contents and complexity of each lesson were adjusted
to the actual time that students needed to study them.

Before each class, professors spent some time checking
the hit ratio (i.e., the percentage of right answers) of each
question in the corresponding short multiple‐choice test. In
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this way, professors were able to detect both the lesson
concepts that had been clearly understood by students
through their out‐of‐class study and those other concepts
more difficult to comprehend. The in‐class activities were
then focused on these latter concepts [11].

In‐class activities
Peer instruction methodology was used to guide the work
in class, supported by the Socrative on‐line service
(https://socrative.com), which can be easily used from
students' smartphones and laptops. We also tested some
other software such as Kahoot (https://kahoot.com) for
managing in‐class questions interactively in several
classes at the end of the academic year 2016/17. Finally,
we selected Socrative because it allows professors to
present questions to students more clearly, with a vari-
able number of possible answers and with no time re-
striction. Due to the fact that the number of students per
group exceeds the maximum number of concurrent users
of the free version of Socrative, it was necessary to pur-
chase the Pro version.

In each lecture, several questions about the most
important and most complicated concepts (according
to the answers obtained in the out‐of‐class tests) were
asked to the students, and they could answer anon-
ymously through Socrative using their own smartphones
or laptops. Anonymity was very important for us because
we wanted the students to answer what they knew ex-
actly without any kind of pressure. Usually, two or three
multiple‐choice questions covered all the available time
for 1‐h classes. First, the professor presented the question
to be answered individually. Students answered the
question and the professor checked the hit ratio without
revealing the right answer. Figure 1 shows an example

question about the use of pointers in C++ with three
possible answers as it appeared to students to be an-
swered in Socrative.

In those cases in which the overall percentage of
correct answers ranged between 30% and 70%, the stu-
dents were asked to discuss the question in small groups
for a few minutes. In those discussions, the students tried
to explain to each other what they had answered and
why they thought it was the right answer. Next, the
students answered the question again through Socrative
based on the new evidence provided by the discussion
with their classmates. Finally, the professor revealed the
right answer and discussed the question with the stu-
dents. Questions that were correctly answered in a per-
centage greater than 70% did not need to be discussed in
groups. Those questions were quickly explained by the
professor and only required more time if a student asked
for more details. On the other hand, questions that ob-
tained a hit ratio lower than 30% were explained directly
by the professor in detail, as the concepts related to those
questions were assumed to be clearly hard to understand,
and therefore a deeper explanation and discussion were
required.

Nevertheless, peer instruction was not the only
strategy that we used to conduct in‐class activities. It is
very common [3], and our experience was not an ex-
ception, for the students to be very reluctant to ask
questions, share their doubts, and participate in discus-
sions even when they had not understood the concepts
through out‐of‐class self‐study. In an attempt to avoid
this situation, we interleaved questions/discussions with
short and incremental programming exercises intended
to explain and exemplify the main concepts of the lesson
step by step as a minilecture. These incremental exercises
served as a common thread between lectures and had a
twofold goal: (1) avoid posing different types of exercises
in each lecture, requiring no extra time for explaining
new practical cases, and (2) allow professors to use these
exercises for elaborating the homework questionnaires
on them. These exercises were not time‐consuming,
leaving most of the lecture time for interaction between
students. Several recent studies [20] also found that these
kinds of short minilectures combined with flipped
classroom activities are more deployable in large classes,
as was the case with our groups of about 100 students.

At the end of each lecture, the self‐check ques-
tionnaires answered by students as homework were also
revised and briefly discussed to provide the students with
convenient feedback. To conduct this discussion, those
questions with a low percentage of correct answers were
presented to students to be discussed in small groups and
answered again by using Socrative. Since that discussion
is carried out at the end of the lecture, students have a

FIGURE 1 An example of a Socrative question that students
had to answer interactively during a lecture
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more strengthened knowledge of the concepts and
therefore much better results were usually obtained than
in the self‐check questionnaire.

3.3 | Statistical analysis

To study differences between grades in the final exam and
laboratory exams obtained each academic year, an analysis
of covariance (ANCOVA) in IBM SPSS 24 was performed.
In this analysis, grades were set as the dependent variables,
academic year as the factor, and, to reduce the effect of the
personal capacity of each student on the results, the ad-
mission grade was set as a covariate. Since several groups
(academic years) were compared simultaneously, the AN-
COVA analysis was configured using a post‐hoc Bonferroni
test to correct for multiple comparisons and also to identify
the pairs of significantly different groups.

To study the relationship between the homework and
the performance of the students, we compute correlations
between the number of self‐check questionnaires answered,
the grade obtained in those questionnaires, and the final
exam grade. These correlations were computed in MATLAB
2013a using the command partialcorr. This command ob-
tained the sample linear partial correlation coefficients (ρ)
between the measures, controlling for the admission grade to
reduce the effect of the personal capacity of each student.

Comparisons in the dropout rate and the pass rate
(i.e., the percentage of students passing the final exam)
between academic years were performed in SPSS 24
using the Pearson χ2 test, comparing each pair of pro-
portions using Z tests. These χ2 tests were also configured
using a post‐hoc Bonferroni test to correct for multiple
comparisons (multiple academic years). Analogous χ2

tests were performed to compare the rates in students'
opinion questionnaires.

All results in statistical analyses were considered
significant when the p‐value obtained was below .05.
Box‐plots for comparing the distribution of each measure
graphically and linear regression graphs for visualizing
correlations were computed in MATLAB 2013a.

4 | RESULTS

We obtained and analyzed data from the academic re-
sults and rates achieved by the students, data of partici-
pation in the activities developed to implement flipped

TABLE 2 Rates and academic results

Year Lab attendance Lab exam 1 Lab exam 2 Final exam Pass rate Dropout rate

2013/14 70% 4.44 (2.22) 4.27 (2.38) 4.18 (2.57) 45% 5%

2014/15 77% 4.92 (2.51) 6.00 (2.75) 4.62 (2.30) 48% 9%

2015/16 77% 4.99 (2.74) 6.82 (2.74) 3.78 (2.66) 37% 16%

2016/017 76% 5.76 (3.00) 7.27 (2.68) 5.54 (2.72) 61% 4%

2017/18 80% 6.46 (2.92) 7.67 (1.99) 5.94 (2.42) 66% 3%

2018/19 79% 6.57 (3.15) 8.24 (1.72) 5.60 (2.28) 68% 3%

p Value <.001a <.001b <.001b <.001b <.001a <.001a

Note: Lab Attendance: Average percentage of students attending the lab sessions; lab exam 1: Grade of the lab exam in the middle of the semester (out of 10);
lab exam 2: Grade of the lab exam at the end of the semester (out of 10); final exam: Grade of the final written theory exam (out of 10); pass rate: Students
passing the final exam/students taking the final exam; and dropout rate: Students not taking the final exam/students. Grade values are shown as mean
(standard deviation).
ap Value for χ2 test.
bp Value for analysis of covariance analysis.

FIGURE 2 Comparison between the dropout rate and the
grade distribution from academic years with traditional teaching
versus academic years in which flipped classroom and peer
instruction (FC+ PI) were used. p Values correspond to a Z‐test
analysis corrected using the Bonferroni method for multiple
comparisons. Only p values for the dropout rate and the fail rate are
shown (*p< .05, **p< .01, ***p< .001)
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classroom and peer instruction and their impact, and also
the students' opinions about the methodology used. All
these results are detailed in this section.

4.1 | Academic results

Table 2 shows the academic results and rates obtained in
the six academic years that we analyzed. Overall, these
results show that all academic results and rates improved
for those offerings in which flipped classroom and peer
instruction were applied (academic years 2017/18 and
2018/19). Figure 2 shows the percentage distribution of

the grades for the final exam comparing academic years
with traditional teaching to academic years in which
flipped classroom was used. These results show that the
dropout rate and fail share (i.e., percentage of students
not passing the exam) decreased significantly and better
grades were also obtained when the new methodology
was used.

Figures 3 and 4 show the box plots and significant
differences between academic years in the final exam
grade and the laboratory exam grades, respectively.
Table 2 shows that the average grades for the final exam
and laboratory exams were higher in those academic
years where flipped classroom was used. Pair compar-
isons revealed significant differences in the average final
exam grades between the academic year 2017/18 and
academic years 2013/14, 2014/15, and 2015/16, and be-
tween the academic year 2018/19 and the academic year
2015/16 (see Figure 3). The average grade of the final
exam for the academic year 2016/17 was also sig-
nificantly greater than the one for the academic year
2015/16 (see Figure 3). Similarly, the average grade for
the laboratory exam 1 was significantly higher in the
academic year 2017/18 with respect to academic years
2013/14, 2014/15, and 2015/16 (see Figure 4—lab
exam 1). For the case of laboratory exam 2, both aca-
demic years 2017/18 and 2018/19 showed average grades
significantly higher than academic years 2013/14 and
2014/15 (see Figure 4—lab exam 2).

Table 2 and Figure 2 show that the pass rate results
were better in the academic years where flipped classroom
was used. We have also compared the average pass rate
obtained for each different professor (see Figure 5). These
results show that all professors experienced an increase in
the pass rate of their students when using flipped class-
room. This increase was statistically significant in the case
of one particular professor.

FIGURE 3 Boxplot with differences between academic years
in the final exam grade. p Values correspond to analysis of
covariance analysis (admission grade as covariate) with the post‐
hoc Bonferroni multiple comparison test. Only p values below .05
are displayed (*p< .05, **p< .01, ***p< .001). Shaded boxes show
data for academic years in which flipped classroom was applied

FIGURE 4 Boxplots with differences between academic years in the grade obtained in each laboratory exam. p Values correspond to
analysis of covariance analysis (admission grade as a covariate) with the post‐hoc Bonferroni multiple comparison test. Only p values below
.05 are displayed (*p< .05, **p< .01, ***p< .001). Shaded boxes show data for academic years in which flipped classroom was applied
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4.2 | Impact of flipped classroom
activities

To evaluate to which extent out‐of‐class activities in-
fluenced the students' performance, we have analyzed
the number of self‐study questionnaires answered, the
grade achieved in these tests, and their relationships to
the final exam grade. This analysis covers academic
years 2017/18 and 2018/19, the ones in which flipped
classroom and peer instruction were applied. Table 3
shows that no significant differences were found for
the aforementioned three measures between the two
academic years. The average percentages of the num-
ber of questionnaires answered were 71% (course 2017/
18) and 77% (course 2018/19). We computed partial
correlations (controlling for the admission grade), and
the results revealed moderate to strong positive cor-
relations between the number of self‐study tests an-
swered and the final exam grade (ρ= 0.45, p < .001),
and between the grade obtained in those tests and the
final exam grade (ρ = 0.51, p < .001). Figure 6 shows
these results graphically.

To assess the direct impact of the discussions in
which students participate in class as peer instruction

activities, we compared the hit rate shown in the So-
crative platform for the first and the second time each
question was answered. Table 4 summarizes these re-
sults. Those questions that required peer discussion
were answered again with a hit rate increase of 9%
(2017/18) and 13% (2018/19) regarding the first in-
dividual answer. Hit rates for the first answer and hit
rate increases were found to be statistically similar
between academic years (χ2 = 0.66, p= .41 and
χ2 = 0.02, p= .89, respectively). However, the hit rate
increase after discussion was found to be statistically
nonsignificant in each academic year (χ2 = 1.71, p = .19
and χ2 = 3.18, p= .07, respectively).

Laboratory attendance is also a clear indicator of the
student commitment to the course, and increasing this
commitment was one of the main reasons we implemented
the flipped classroom methodology. This rate presented the
same trend that we found for the academic results, as
Table 2 shows. The lab attendance in the academic years
2017/18 and 2018/19 increased with respect to the academic
years in which the traditional teaching methodology was
used. The increase in lab attendance when flipped classroom
was applied was statistically significant between the aca-
demic years 2017/18 and 2013/14 (χ2 = 53.27, p< .001),
2017/18 and 2015/16 (χ2 = 5.39, p< .05), 2017/18 and 2016/
17 (χ2 = 10.61, p< .01), 2018/19 and 2013/14 (χ2 = 40.19,
p< .001), and 2018/19 and 2016/17 (χ2 = 6.04, p< .05).
Overall, a significant increase in lab attendance from 75% to
79% (χ2 = 27.62, p< .001) was obtained when flipped class-
room was adopted.

4.3 | Students' feedback

Students took an anonymous survey at the end of every
academic year so that the professors could know the stu-
dents' opinion about the course. These surveys had two main
questions in common for course offerings in both meth-
odologies: (1) “Do you think the dynamics of the theoretical
lectures is adequate?” and (2) “Did you work on the lecture
topics before attending classes?”. Table 5 shows the percen-
tage of students who answered “yes” to these two questions

FIGURE 5 Pass rate for professors using both traditional
teaching and flipped classroom (FC + PI) in different offerings of
the course. p Values correspond to Z‐test analysis corrected with
the Bonferroni method for multiple comparisons. Only p values
below .05 are displayed (*p< .05, **p< .01, ***p< .001)

TABLE 3 Self‐study questionnaire
results

Year Number questionnaires Grade questionnaires Final exam

2017/18 13.46 (5.30) 6.34 (2.94) 5.94 (2.42)

2018/19 14.66 (5.17) 6.81 (2.88) 5.60 (2.28)

p Value .254 .436 .484

Note: Number questionnaires: Number of self‐study questionnaires answered (out of 19); grade
questionnaires: Average grade obtained in the self‐study questionnaires answered (out of 10); and Final
exam: Grade of the final written theory exam (out of 10). Values are shown as mean (standard deviation).
p‐value for analysis of covariance analysis.
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each academic year. No significant differences were found in
the students' opinion about the dynamics of the lectures.
Nevertheless, the percentage of students who prepared the
lectures in advance was significantly different between aca-
demic years. Specifically, this percentage significantly in-
creased from 50% in traditional teaching courses to 88% in
those courses where flipped classroom was applied
(χ2 = 46.59, p< .001).

In these surveys, we also asked the students for
their opinions about the usefulness of the peer in-
struction methodology (see Table 5). On average, 90%
of the students thought that interactions with their
classmates provided by the methodology helped them
solve their questions (no significant differences were
found between the two offerings where peer instruc-
tion was used). Finally, one of our main concerns was
whether the homework workload needed for flipped
classrooms was adjusted to what was planned in each
learning card or not. According to the students' an-
swers (see Table 5), on average, 92% of the students
needed the same or less time than expected to perform
the activities at home (no significant differences were
found between the two course offerings with the
flipped classroom methodology).

5 | DISCUSSION

Our results, after applying flipped classroom and peer
instruction, showed that all academic results and
rates improved. These results are in line with those
obtained in several previous studies on the applica-
tion of flipped classroom in introductory courses on
computer programming. Jonsson's [12] experiment
showed better results in the final exam, although his
study was limited to only one academic year. Similar
to that study, our results, based on a sample from six
academic years, indicate that not only were better
pass rates obtained but also the performance of the
students improved, as a huge number of students

FIGURE 6 Partial correlations between the number of self‐
study questionnaires answered (top), the grade achieved in these
tests (bottom), and the final exam grade

TABLE 4 Hit rate for Socrative questions

Year First answer
Increase after
discussion p Value

2017/18 53% 9% .19

2018/19 47% 13% .07

p Value 0.41 0.89

Note: First answer: Average hit rate for Socrative questions presented for the
first time to students; increase after discussion: Average hit rate increase for
Socrative questions presented again to students after peer discussion. p
Value for the χ2 test.

TABLE 5 Results of students'
opinion surveys

Year N

Lecture
dynamic is
adequate

Student
prepare
lectures

Peer
instruction is
useful

Homework
time estimation
is correct

2015/16 88 86% 47% – –

2016/17 53 81% 57% – –

2017/18 72 82% 83% 86% 91%

2018/19 60 83% 96% 97% 94%

p Value 0.83 p< .001 0.08 0.71

Note: N: number of students who answered the survey; p values for the χ2 test.
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managed to obtain higher grades (see Figure 2).
Nevertheless, contrary to Jonsson's study, our share of
excellent grades (from 9 to 10 out of 10) remained
very similar for both teaching methodologies. Our
impression is that excellent students obtain excellent
marks mainly due to their own capacity and motiva-
tion, so they are less affected by the teaching metho-
dology used.

Average rates did not only improve between different
offerings of the course but also for students assigned to each
professor (see Figure 5). The three professors obtained better
results (pass rate) when they used flipped classroom and
peer instruction. This fact is very relevant because it proves
that the methodology improved students' results regardless
of the professor.

Another important consequence of applying flip-
ped classroom was the increase in student engage-
ment in all the course activities. As a result, the
dropout rate significantly decreased from 9% to 3% on
average (Figure 2). The rates of laboratory attendance
also increased significantly (Table 2), with better
grades in both laboratory exams when the new
methodology was used (Figure 4). These good results
overcame known challenges of flipped classroom re-
lated to decreased class attendance in large courses
[9,5]. Previous studies also showed that peer instruc-
tion by itself could not be enough to improve class
attendance [16], so we believe that the reason for our
good results in laboratory attendance could be the use
of both flipped classroom and peer instruction, which
improved self‐learning and facilitated discussion and
participation in the classroom.

We want to highlight the increase in the average
grade obtained in the first laboratory exam, the one
that takes place in the middle of the semester (Table 2
and Figure 4). We believe that the continuous follow‐
up of the course has more influence on this kind of
exam than the typical extra effort made just before
taking any final exam. The students reported this fact
in the final course survey, in which they recognized a
significantly higher implication in preparing classes
when flipped classroom was used (88% compared to
50% for the case of traditional teaching). The higher
degree of commitment to the course had a logical
impact on concept acquisition by students as revealed
by the significant positive correlations found between
homework completion and the final exam grade ob-
tained (see Figure 6). These results are in line with
recent studies showing the association between stu-
dents' consistency in performing the out‐of‐class ac-
tivities and their learning performance [13].

Demographic data in Table 1 show that the admis-
sion grade of the students was higher for the two

academic years where flipped classroom was used. To
reduce biases in the statistical analyses due to differ-
ences in the personal capacity of students between
academic years, this admission grade was incorporated
as a covariate in all statistical models, thus removing its
effects from the statistical tests. Nevertheless, groups
with students of a higher level facilitate the teaching
process, generating a more adequate learning atmo-
sphere, which usually has a positive influence on those
other students who are not so good. This fact cannot
explain by itself the results obtained but could affect
somehow have a positive effect.

Peer instruction also provided good results, allowing the
students to improve their number of right answers after peer
discussion by average rates of 9% and 13% for the two of-
ferings of the course in which the methodology was chan-
ged. Taking into account that the initial average hit rates
when students answered without peer discussion were 53%
and 47%, the final average hit rate for Socrative questions
was around 60% for both academic years. This rate is slightly
lower than but similar to the final pass rate obtained for
those two academic years. This would mean that continuous
work motivated by flipped classroom activities and discus-
sions offered by peer instruction allowed the students to
acquire the knowledge needed to eventually pass the fi-
nal exam.

Surveys answered by students at the end of the course
offerings indicated that flipped classroom had a major im-
pact on the students' homework and class preparation. The
average percentage of students who worked on the topics
before the lecture increased considerably from 50% to 88%.
We believe that this result is due to the use of flipped
classroom in the course because adequate preparation before
the lectures is essential to optimize the use of time in the
classroom. Furthermore, a subject such as computer pro-
gramming, whose concepts are introduced incrementally
and related to one another, especially needs that kind of
daily work.

The main concern we had in mind when we decided to
implement the new methodology was how students were
going to accept the change of roles in the classroom, where
they were going to have a muchmore active role due to peer‐
instruction activities and extra homework for lecture pre-
paration. Fortunately, according to their answers in the
surveys, the new methodology was valued as adequate by
most of the students. Also, most of the students stated that
they only needed the estimated time or even less for com-
pleting the homework. Moreover, they thought that class-
mate interactions provided by the methodology helped them
solve their questions. We believe that these good results in
students' opinions could not have been achieved without a
careful design of both the out‐of‐class activities and the in‐
class Socrative questions.
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We experienced some difficulties when implementing
the new methodology, as reported by other authors in pre-
vious studies [1]. Among them, we want to highlight that it
was hard for us to adjust in‐class activities to the time
available (1 h for each theory session). Two strategies helped
us in this issue:

(1) Before each class, we checked the students' answers to
the corresponding self‐study questionnaires to detect
easy concepts that did not need additional explana-
tions. These easy concepts were not included in the
examples and exercises proposed in the classroom.

(2) In the lectures, we provided only brief overviews of
those concepts for which Socrative questions were
correctly answered at high rates. For example, if a
Socrative question obtained 90% of correct answers
the first time it was proposed, then a very brief ex-
planation (1 min or less) of the correct answer was
provided and, obviously, this question was not pro-
posed for peer discussion.

6 | LIMITATIONS

This study has analyzed six independent and con-
secutive offerings of the same course, so no experi-
mental controls were imposed. Nevertheless, all six
offerings maintained the same design, the same to-
pics, and, importantly for this study, the same struc-
ture for both laboratory and final exams.

Our resources for the implementation of the flipped
classroom did not include video lectures. Although that
resource is usually used [1], several authors have also
claimed that it may be better to focus on carefully se-
lecting in‐class instruction methods rather than devoting
considerable time and resources to developing online
videos [15]. Our starting point was the set of carefully
designed resources already used with traditional teach-
ing, including detailed lecture slides, many code ex-
amples, and readings from recognized textbooks. We also
elaborated new material to guide out‐of‐class activities,
including exercises and questionnaires. Nevertheless, we
are already working on including mini‐videos to explain
selected key concepts in the next offerings of the course.
Further analysis will be needed to assess the impact of
this new resource on the students' performance.

7 | CONCLUSIONS

We presented the results obtained when using flipped
classroom and peer instruction in an introductory
course of programming. These results suggest that

these methodologies contributed toward improving
students' engagement, class attendance, and partici-
pation, and as a result, the overall students' perfor-
mance. Significantly better pass (χ2 = 12.94, p < .001)
and dropout rates (χ2 = 7.08, p < .01) were obtained
when using flipped classroom and peer instruction.
These methodologies not only improved the average
rates between different offerings of the course but also
for students assigned to each professor. This fact
proves that these two methodologies improved stu-
dents' results regardless of the professor. Laboratory
attendance also improved significantly (χ2 = 27.62,
p < .001), and significant positive correlations be-
tween the work performed at home and the grade
obtained in the final exam were obtained (ρ = 0.51,
p < .001). The average percentage of students who
prepared the lecture in advance increased sig-
nificantly from 50% to 88% (χ2 = 46.59, p < .001). This
last result is crucial because an adequate preparation
before the lectures is essential to optimize the use of
time in the classroom. Finally, we want to remark that
this improvement in the academic results and the
student commitment was noticeable not only
in the figures but also in the overall perception of the
students.
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