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Abstract

Background: Physiology is a subject that is considered difficult; it is associated with academic failure and causes
high levels of stress and anxiety in students.

Methods: This study compared the effectiveness of a traditional lecture-based methodology with that of a flipped
classroom scheme focusing on cooperative ludic learning among gastrointestinal and renal physiology students.
Two groups were subjected to these two different methods to teach gastrointestinal and renal physiology content
divided into 14 topics. Additionally, two subgroups were identified in each group: entrants and repeaters. There
were no differences in age or gender between the subgroups.

Results: Levels of self-perceived stress (measured by the SISCO scale), biological stress (measured by awakening
salivary cortisol levels), and anxiety (measured by the Zung scale) were high in all of the students; the cortisol levels
increased in the entrants and some of the scores in SISCO scale increased in the repeaters, throughout the study.
The self-reported study time was longer in the students subjected to the flipped classroom-based method. The final
exam results were better only in the new students facing the flipped methodology, but not in the repeaters, who
scored lower on the final evaluation. The quantitative and qualitative assessments completed by the participants
regarding the different aspects of the flipped-classroom-based methodology were favorable; however, the
participants believed that traditional lectures should be maintained for specific topics.

Conclusions: A methodology based on flipped teaching was an effective strategy to improve academic
performance ingastrointestinal and renal physiology, but only in new students.
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Background
Physiology is a subject that belongs to the basic nucleus
of knowledge in all health sciences and advancements in
key physiological mechanisms continue to occur. This
fact poses a challenge to educators to effectively dissem-
inate this complex content to students and contribute to
their active engagement in the learning process, which is
necessary to promote critical thinking and self-directed
learning skills [1]. For these reasons, physiology courses
are recognized as difficult and are associated with high
levels of withdrawal and failure [2–5]. In our medical
school, physiology students also have high rates of fail-
ure and repetition, leading to student frustration and
loss of motivation and contributing to increased student
permanence and desertion [6], as well as generating high
stress levels among medical students [7, 8] and resulting
in anxiety and depression [9, 10] which can affect aca-
demic and social performance [11]. In such a framework
it is a challenge to better understand the learning-
teaching process in physiology and propose different
methodologies, that focus on personalized teaching to
improve academic performance [12].
Traditional lectures remain a predominant instruc-

tional strategy in physiology education, but this method-
ology has been reported to be ineffective in many ways
because students’ attention diminishes quickly, they fre-
quently feel disengaged, and the lecture rhythm cannot
be adjusted to specific cases. Fortunately, options avail-
able to approach teaching and learning have evolved
with recent advances in technology, allowing teachers
and students to find methods that suit their own abilities
and time availability; these methods engage students
more effectively, [13], provide opportunities to more effi-
ciently use time with teachers [14] and can help teachers
to communicate knowledge at the appropriate pace for
each student [15]. These features are important particu-
larly in physiologybecause learning in this area requires
a transformation in reasoning, involving evolution from
more concrete to considerably abstract thinking, which
is facilitated by participative methods.
Teaching based on a flipped classroom approach [16]

occurs when students perform a significant amount of
preparation before class, while the class time, when
teachers are present, is reserved for discussion and/or
problem solving related to the most important topics
[17]. Currently, there is substantial interest in the flipped
format in science teaching [18], particularly in fields with
high levels of difficulty in learning [19]. Moreover, there
is growing interest in the implementation of cooperative
learning, which occurs when students work together in
groups to reach their learning goals through discussion
and peer feedback, usually under teacher supervision
[19]; students involved in cooperative learning show
greater effort to achieve than students who learn on

their own [20]. Cooperative learning could be incorpo-
rated into the flipped classroom methodology by encour-
aging students to form teams and by assigning
homework to complete in groups.
Another component that is important to consider is

the incorporation of methodologies involving ludic en-
gagement [21], since these methodologies can help stu-
dents to learn in a less hostile environment. Playing and
learning in a different and fun context can help students
to understand concepts and could help to create bonds
between classmates, which reinforce cooperative
learning.
The purpose of this study was to compare the effect-

iveness of a traditional lecture-based methodology versus
a flipped classroom scheme focused on cooperative ludic
learning in entrants and repeaters. The subject assessed
was gastrointestinal and renal physiology, which was de-
livered to second-year medical students at the Universi-
dad Tecnológica de Pereira during 2018 and 2019.

Methods
Subjects
The participants were all second-year medical students
who were enrolled in the Medical Physiology course in
2018–2019 and agreed to participate in the study. There
were no refusals to do so. Two separate successive non-
randomized groups of students were considered, accord-
ing to the distribution normally made by the university,
which cannot be altered for institutional reasons. The
first group was assigned to a traditional lecture-based
learning methodology (TG) and was studied first. The
second group was assigned to a flipped teaching meth-
odology (FCG), focusing on cooperative learning and al-
ternative ludic strategies and was studied in the
subsequent academic period. This design avoided the in-
fluence of components of the flipped classroom method-
ology applied to FCG on TG. The sample was composed
of 75 students; 46 were exposed to the traditional strat-
egy (TG, age: 23 ± 3 years old, 52% female) and 29 were
exposed to the flipped classroom methodology (FCG,
age: 21 ± 3 years old, 55% female). There were 15 stu-
dents in the TG (TG1, age: 23 ± 3 years old, 52% female)
and 10 students in the FCG (FCG1, age: 22 ± 3 years old,
52% female) who were exposed to the course for the first
time, defined as entrants. All of the other students (TG2:
31, age: 23 ± 3 years old, 51% female. FCG2: 19, age:
21 ± 3 years old, 52% female) had been enrolled at least
once before in the traditional course and they were de-
fined as repeaters (with an average of 3 ± 1 times). There
were no differences between groups or subgroups in
gender or age distribution. However, the group of en-
trants had significantly better grades in previous courses
(3.75 ± 0.25) in comparison with the group of repeaters
(3.26 ± 0.28); there were no differences between grades

Sánchez et al. BMC Medical Education          (2020) 20:401 Page 2 of 10



when comparing TG1 (3.71 ± 0.31) and FCG1 (3.79 ±
0.22) or TG2 (3.27 ± 0.29) and FCG2 (3.25 ± 0.28). All of
the participants signed an informed consent form and
the study was approved by the Ethics Committee of the
Universidad Tecnológica de Pereira.

Traditional methodology
The TG was subjected to a traditional lecture-based
methodology. Fourteen two-and-a-half-hour-long lec-
tures were developed to deliver the topics of gastrointes-
tinal and renal physiology (Table 1). At the end of each
lecture there was a 30-min session for questions and an-
swers about the topic of the day. A bibliography was rec-
ommended to all of the students. Since the TG course
was conducted first, this group had no access to any of
the tools designed to the FCG, which were implemented
during a different period of time.

Flipped classroom methodology
The FCG was subjected to a flipped classroom method-
ology focused on cooperative learning. The content was
divided into the same 14 topics as in the traditional
methodology, but there were no lectures. For each topic,
a 20- to 30- slide presentation was designed by the
teachers, and a short review article about a relevant topic
was selected from a high-quality journal; these materials
were delivered to the students before the course began,
and each topic was assigned to a specific date on the
schedule. The students were instructed to review the
materials and the additional recommended readings
from the bibliography and to discuss them with others
before the assigned date. During class time (3 h for each
session), the students were encouraged to form teams to
discuss the corresponding topic and ask all of their ques-
tions to the teachers, who guided the discussions in each
group. At the end of each session, the students were
assigned an activity to assess their knowledge and facili-
tate complementary learning about the specific topic;
the assignments involved the students playing games
(crosswords, word searches, quiz contests, question and
answer games) that allowed all of them to participate in
a ludic way in the process. Every day, the students were
assigned a 10-question quiz about the topic developed

on the previous day. Additionally, a challenge about the
topic of the day was posed to the students to be solved
voluntarily; these challenges involved interpretation of
the literature, information searches about a related sub-
ject, developments of a historical perspective, literary in-
terpretations of physiological concepts or completion of
specific exercises that had to be answered in a limited
amount of time. At all times, a virtual platform was
available for the students to communicate with their
teachers and classmates; they could use the platform to
formulate questions, write reflections or express opin-
ions about the different topics, which could be commen-
ted on or answered by everyone, particularly the
teachers. This platform was freely accessible to all the
participants, but restricted to them only and it worked
based on a very friendly environment, similar to other
social networking sites, which are commonly used by
young adults.

Assessment of previous knowledge
An examination was designed with questions that
assessed biomedical subjects from courses that were aca-
demic prerequisites for the Medical Physiology course
and that had been passed by all of the students before
entering the course; these subjects included biology, bio-
chemistry, molecular biology, histology and anatomy.
The examination was delivered to both groups before
starting the study. The scores were reported as percent-
ages of the total possible score.

Assessment of previous English reading skills
Given that all of the scientific literature was delivered in
English and all of the students spoke Spanish as their na-
tive language, an examination to evaluate English read-
ing skills was designed and administered to all of the
students before the study. The scores were reported as
percentages of the total possible score.

Stress and anxiety assessment
To evaluate stress levels, two strategies were employed.
The first was the measurement of awakening salivary
cortisol as an effective biomarker for stress [22, 23]; sal-
ivary cortisol levels are correlated with serum cortisol
levels, but their normal range can vary due to ethnicity
and individual backgrounds [24]. A normal interval for
teenagers was reported recently for cortisol awakening
response of 5–23 μg/dL; nevertheless, it is only a mean
for understanding stress responses and does not address
specific medical issues [25]. Therefore, three saliva sam-
ples (1 mL each) were obtained from each student: the
first sample was collected at baseline, and the other two
were collected in the middle and at the end of the study
to evaluate changes in this biological stress marker dur-
ing the study. The samples were stored at − 20 °C until

Table 1 Previous knowledge and English proficiency test scores
in all groups. Data are expressed in medians and interquartile
ranges of percentages. FTS: first time students. RS: repeating
students. TG: Traditional Group. FCG: Flipped Classroom Group.
PK: Previous knowledge. ERP: English reading proficiency

Test FTS RS

TG FCG TG FCG

PK 37 (31.8–47) 32 (27–42) 32 (25–40) 35 (30–40)

ERP 61 (39–73) 56 (33–70) 50 (43–71) 40 (26–59)
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the cortisol concentrations were determined. Salivary
cortisol levels were measured using a commercially
available ELISA kit (Cortisol Saliva KAPDB290 DIA
Source, Louvain-la-Neuve Belgium).
The second strategy was the administration of the

SISCO scale [26] to measure self-perceived academic
stress; the scale was administered 3 times on the same
days on which the students provided the saliva samples.
The SISCO scale consists of 6 dimensions, including in-
tensity of academic stress (A), environmentally stressful
stimulus (B), physical reactions (C), psychological reac-
tions (D), behavioral reactions (E) and coping strategies
(F); all of the dimensions are scored between 1 and 5.
This scale has been validated in Spanish and has been
employed in Colombian students [27]. All of the dimen-
sions are scored between 1 to 5, with the highest score
being a more severe form of stress, except for coping
strategies for which a greater score represents a better
adaptative response to stress [28, 29].
Anxiety levels were assessed employing the Zung anx-

iety scale [30], which has been validated in Spanish and
applied to Colombian university students [31]. This test
was also administered 3 times, on the same days on
which the students provided the saliva samples and
completed the SISCO scale. The total raw scores range
from 20 to 80, and it classifies the symptoms using the
score obtained: 20–44 normal, 45–59 mild, 60–74 mod-
erate and 75–80 severe [32].

Self-reported study time
Students were instructed to report the amount of time
that they invested in academic activities every day, and
an the average number of minutes that each participant
spent studying was calculated.

Assessment of acquired knowledge
After the 14 topics were covered, all of the students
completed an examination that covered all aspects of
renal and gastrointestinal physiology, which was de-
signed by the teachers who were involved in the process.
This exam was applied to Group 1 and Group 2 in
different times, at the end of the course, but it had the
same characteristics and both groups had the same
amount of time to prepare for the evaluation. The exam
contained 40, 4-option multiple choice questions. The
test maintained a balance between questions that
assessed memory of facts and questions that assessed
application of knowledge. The final scores were between
0.0 and 5.0 according to the scale employed in the
academic institution to which the students belonged.

Students’ opinions
An instrument was designed to collect the participants’
opinions about the main aspects included in the flipped

classroom methodology (FCG group), which was com-
pleted by the students following the final examination.
The first part asked the participants to quantitatively
evaluate 17 aspects of the methodology by rating them
between 0 and 5, with 5 being the most positive evalu-
ation (Table 4). Additionally, the participants were asked
to answer the two following open-ended questions.

1. What are your opinions (positive and negative)
about all of the aspects of the flipped classroom
methodology?

2. Do you have any suggestions about it?

Statistical analysis
All of the variables were evaluated for normal distribu-
tion with the Shapiro-Wilk test, and the only variable
that had a normal distribution was the quantitative stu-
dent assessment of the flipped classroom methodology.
The Mann-Whitney test was conducted for each variable
to establish the statistical significance of the differences
between the traditional and flipped classroom model.
The Kruskal-Wallis test and Dunn’s multicomparison
test were also used to compare all of the variables to-
gether. For repeated measures analysis between the
follow-up measurements in the same group (TG or
FCG) Friedman’s test and Dunn’s multicomparison test
were used. All of the analyses were performed using
GraphPad Prism 8 (GraphPad Software Inc., La Jolla,
CA, USA). p < 0.01 was considered significant for all of
the tests.

Qualitative analysis
All of the qualitative information provided by the stu-
dents was analyzed employing grounded theory [33, 34].
All of the information was processed by extracting the
emerging themes and identifying categories based on the
information supplied. This analysis was performed in
Spanish first and then the condensed information was
translated into English.

Results
Given the characteristics of each group, the analysis was
conducted by comparing the data obtained from en-
trants and repeaters in both groups (TG1 vs FCG1 and
TG2 vs FCG2).

TG1 vs FCG1
There were no significant differences in the previous
knowledge test and English reading test scores (Table 1).
The scores on the baseline assessment of previous know-
ledge that is considered a prerequisite for any physiology
course were low in both groups (less than 40%), and the
results of the English reading test were poor (between
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40 and 60%), considering the importance of English
reading to accessing knowledge in physiology.
The levels of salivary cortisol, anxiety and self-

perceived academic stress were high in both groups, as
shown in Table 2. The salivary cortisol concentrations
showed no differences between groups in any of the
quantifications, but the second measurement was signifi-
cantly higher than the first one in both groups, without
additional increases.
There were no significant differences in anxiety scale

scores or self-perceived stress scores (in any of the di-
mensions) between TG1 and FCG1, and in addition,
there were no differences when comparing the three
successive measurements that were obtained.
Self-reported study time was not significantly different

between groups (TG1: median 3909, IQR 1930–8096 vs.

FCG1: median 7452, IQR 3996–9520). A high dispersion
of the data was observed, particularly in TG1 (Fig. 1a).
The final examination scores were significantly higher

in FCG1 (median: 3.38, IQR 2.75–4.0) than in TG1 (me-
dian: 2.31, IQR 1.93–2.5) (Fig. 2a).

TG2 vs FCG2
There were no significant differences in the previous
knowledge test and English reading test scores (Table 1).
As observed in TG1 and FCG1, both scores on the base-
line assessment were deficient.
There were no significant differences in salivary corti-

sol concentrations and the Zung scale scores between
TG2 and FCG2, although both parameters were high at
the beginning of the study. It is worth noting that the
initial levels of salivary cortisol were significantly higher

Table 2 Stress and anxiety assessment in TG1 (Traditional Group 1) and FCG1 (Flipped Classroom Group 1). IQR: Interquartile range.
SISCO: Inventory of Academic Stress. Data are expressed in medians and interquartile ranges. * denotes significant differences in
comparison to the first measurement in the same group (p < 0.01). A: Intensity of academic stress. B: Environment stressful stimulus.
C: Physical reactions. D: Psychological reactions. E: Behavioral reactions. F: Coping strategies

TG1 (n = 15) FCG1 (n = 10)

Parameter / Follow-ups 1 2 3 1 2 3

Cortisol (μg/dL) 31 (17–50) 57 (41–89)* 41 (24–80) 29 (21–80) 48 (26–85)* 48 (24–104)

Zung scale 40 (30–44) 37 (30–42) 37 (32–44) 37 (33–44) 43 (32–50) 43 (32–48)

SISCO A 4 (3–4.25) 4 (3–4) 4 (4–5) 4 (3–4) 4 (3–4) 4 (3–5)

B 2.7 (2.4–3.1) 2.7 (1.9–3.3) 2.6 (1.9–3.2) 3.2 (2.5–3.6) 3.5 (2.7–4.3) 3.5 (2.7–3.7)

C 2.6 (1.5–2.9) 2.3 (1.7–3.2) 2.3 (1.8–3) 2.7 (1.8–3.3) 3.2 (1.8–3.6) 3.2 (2.3–3.5)

D 2.7 (2.1–3.6) 2.7 (2.1–3.1) 2.8 (2.5–3.1) 3.2 (2.4–3) 3 (2.6–4.4) 3 (2.6–3.6)

E 2.7 (2.2–3.0) 2.6 (2.0–3.1) 3 (2.4–3.3) 2.7 (2.3–3) 2.7 (2.5–3.5) 3 (2.3–3.3)

F 2.8 (2.6–3.7) 3.3 (2.6–3.7) 3 (2.5–3.8) 2.8 (2.5–3.1) 2.8 (2.3–3.6) 2.7 (2.6–3.3)

Fig. 1 Average daily study time. Panel a shows the TG1 vs FCG1 comparison. Panel b shows the TG2 vs FCG2 comparison. Data are expressed in
medians and interquartile ranges. *p < 0.05. TG: Traditional Group. FCG: Flipped Classroom Group
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in TG2 and FC2 in comparison with TG1 and FCG1,
although after the second measurement, there were
no differences between groups. The self-perceived
stress scores were also high in general and the first
measurements were significantly lower than the other
two measurements in TG2 in all of the dimensions,
except for the A dimension, which, was nevertheless
scored with very high punctuation in both groups
(Table 3). In contrast, in FCG the dimensions in
which the score was higher in the second measure-
ment were B and E; in all of the others the scores
were high since the beginning.
Self-reported study time was significantly different be-

tween groups (Fig. 1b), being longer in FCG2 (median:
9428, IQR 7238–12,260) in comparison to TG2 (median:
5315, IQR 4092–6959).

The final examination scores were significantly lower
in FCG2 (median: 2.12, IQR: 1.63–2.63) than in TG2
(median: 2.56, IQR: 2.26–2.88) (Fig. 2b).

Student opinions
Quantitative evaluation
Table 4 shows the results for the seventeen aspects
the participants evaluated. The data were the assess-
ments of all of the participants exposed to the flipped
classroom methodology, since there were no signifi-
cant differences between new students and repeaters.
The only aspect that received a score less than 3.0
was classroom ventilation. All of the other items were
evaluated with scores higher than 3.4 and 7items had
scores higher than 4.0.

Fig. 2 Results of the final test. Panel a shows the TGC1 vs FGC1 comparison. Panel b shows the TG2 vs FCG2 comparison. Data are expressed in
medians and interquartile ranges. *p < 0.01. TG: Traditional Group. FCG: Flipped Classroom Group

Table 3 Stress and anxiety assessment in global TCG2 (Traditional Group 2) and FCG2 (Flipped Classroom Group 2. IQR: Interquartile
range. SISCO: Inventory of Academic Stress. Data are expressed in medians and interquartile ranges. * denotes significant differences
in comparison to the first measurement in the same group (p < 0.01). A: Intensity of academic stress. B: Environment stressful
stimulus. C: Physical reactions. D: Psychological reactions. E: Behavioral reactions. F: Coping strategies

TG2 (n = 31) FCG2 (n = 19)

Parameter / Follow-ups 1 2 3 1 2 3

Cortisol (μg/dL) 66 (44–86) 72 (50–87) 52 (44–70) 97 (59–125) 64 (39–99) 77 (57–123)

Zung scale 41 (38–48) 43 (38–50) 48 (42–57) 40 (36–48) 47 (43–54) 50 (44–56)

SISCO A 4 (3–4.2) 4 (3–4) 4 (4–5) 4 (3–4) 4 (3–4) 4 (3–5)

B 2.6 (2.2–3.1) 3.2 (3.1–4)* 3.2 (3–4) 3.1 (2.7–3.3) 3.7 (3.3–4.1)* 3.6 (3.3–4.1)

C 2.3 (1.8–2.8) 3.1 (3–3.3)* 3.5 (2.8–4) 3.1 (2.5–3.3) 3.3 (3–3.8) 3.3 (3–3.8)

D 2.2 (2–2.8) 3.4 (2.8–3.8)* 3.8 (3.2–4.2) 3.2 (2.8–3.4) 3.4 (3–3.8) 3.6 (3.2–4.2)

E 1.7 (1–2) 2.7 (2.5–3.2)* 2.7 (2.2–3.2) 2.7 (2.5–3) 3.5 (2.9–3.7)* 3 (2.7–3.7)

F 2.3 (1.8–2.8) 3.1 (3.1–3.5)* 3.3 (3–3.6) 2.8 (2.5–3.3) 3 (2.8–3.5) 3.1 (2.6–3.6)
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Qualitative evaluation
The results of the open qualitative assessment per-
formed by the students subjected to the flipped method-
ology were grouped according to the following emergent
themes: methodology, evaluation system, activities and
challenges. Three dimensions were identified within
each theme: negative opinions, positive opinions and
recommendations.

Methodology The students had positive views of the
flipped classroom methodology because they thought
that it compelled them to be active subjects by reading
and informing themselves much more about the topics;
in addition, they thought that the daily evaluations facili-
tated continuous study. One student said: “The oppor-
tunity to develop the subjects daily allows us to build
better knowledge and develop more solid concepts”. The
students confirmed that the flipped classroom method-
ology trained them to better manage their study time,
and that, through the process, they acquired a higher
level of understanding of the subject; additionally, they
described the methodology as “demanding, creative, par-
ticipative and motivating”. In this respect, one of the stu-
dents expressed that “the methodology was very
effective, motivating the student and contributing to
her/his independence”. This observation reinforces the
personalized aspect of the methodology, which stimu-
lates students to become active subjects who are

responsible for their own learning. Another positive
opinion concerned the papers and bibliographic material
employed, which were evaluated as “current, interesting,
useful and appropriate”.
The negative opinions referred mainly to the inad-

equate allocation of time to some of the topics. One of
the students mentioned that “the available time for some
of the more extensive topics did not allow us to work on
them properly”. Additionally, some students expressed
that it was impossible to include all of the topics in the
period of time assigned and recommended not excluding
traditional lectures from the methodology, because they
considered these classes to be necessary, especially for
some specific topics. The main suggestion was to offer a
class focusing on correcting mistakes, clarifying doubts
and avoiding incorrect interpretations of formal texts.
These observations indicated that the majority of the
students (80%) recommended the inclusion of traditional
classes guided by the teacher.

Evaluation system The favorable opinions expressed in
the evaluations noted that the daily short exams com-
pelled the students to study continuously and review the
topics before the sessions with the teacher. One of the
students explained that “the exams make it necessary to
study all the themes daily”, and another expressed that
“daily evaluations obligate students to be studying all the
time to have all the topics fresh and current”.
Regarding the negative opinions, the students empha-

sized the short time available to complete the exams, the
sense of competition that emerged among students to
obtain better scores which generated a negative environ-
ment and teacher subjectivity in some evaluations.

Activities and challenges According to the students,
the new activities contributed to a different and exciting
environment for learning physiology and promoted
teamwork through the stimulation of collaborative learn-
ing, which broke the routine. The students commented
that “all the activities and challenges were nice and
interactive”.
A negative aspect concerned the short time for partici-

pating in the activities and challenges, which led to them
not solving some of the challenges. In addition, some
students said that the challenges were too numerous and
too difficult and required a long time to complete, pre-
venting them from properly preparing for the topics on
the next day.

Discussion
This study assessed the effectiveness of a traditional
lecture-based methodology with that of a flipped class-
room scheme focusing on cooperative ludic learning in
medical students enrolled in a gastrointestinal and renal

Table 4 Quantitative student assessment of the flipped
classroom methodology, rated between 0 and 5, with 5 being
the most positive evaluation. Data are expressed in means and
standard deviations

Issue Score, n = 29

Content 4.3 ± 0.8

Organization 4.6 ± 0.7

Presentations quality 3.7 ± 1.1

Blog 3.9 ± 0.8

Chat 3.6 ± 1.5

Forum 3.57 ± 1.2

Group tutorials 3.5 ± 1.4

Individual tutorials 4.1 ± 1.2

Daily activities 3.4 ± 1.2

Short exams 3.9 ± 0.9

Final exam 4.0 ± 1.1

Classroom illumination 4.4 ± 0.5

Classroom ventilation 2.5 ± 0.9

Classroom cleanness 4.5 ± 0.6

Audiovisual support 3.7 ± 0.9

Complementary material 3.8 ± 1.1

Bibliography 4.2 ± 1.1
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physiology course, divided into two groups: entrants and
repeaters. The flipped classroom methodology improved
the final outcome only in the entrants. These two groups
showed significant differences, not only because of their
relationship with the physiology course but also because
the new students exhibited better previous academic
performance and lower initial levels of salivary cortisol.
It is worth noting that, in our medical school, the rate of
repetition in physiology courses is a great problem; in
the last five years, in each academic semester, 60 ± 9% of
the students registered in the Medical Physiology course
were repeaters, and they exhibited consistently poor aca-
demic performance (data from official academic
records).
All of the students included in this study showed low

scores in prerequisite knowledge and English reading,
indicating that they had insufficient academic tools to
engage in a physiology course, which requires solid con-
cepts in biology, biochemistry, molecular biology, hist-
ology and anatomy [35], plus a good level of English
reading proficiency to achieve the goals of the teaching-
learning process in physiology. This fact could be one of
the causes of the difficulty that students perceive with
physiology [5], which generates a high level of stress
even before starting the course. This finding must mo-
tivate us to reinforce strategies to optimize learning in
previous courses and to use methods to ensure that stu-
dents have the skills that they need to face physiology
programs.
The levels of stress and anxiety among Colombian

medical students are high, and being enrolled in basic
subjects is a risk factor for higher levels of stress and the
development of emotional complications [10, 36]. In this
study, the initial levels of anxiety, self-perceived aca-
demic stress and biological stress were consistently high
among all of the participating students. These findings
showed that physiology courses could be stressful and
that these factors must be considered part of the
teaching-learning process, which will require the inclu-
sion of different strategies to give students a way to cope
with stress and anxiety, which can generate important
psychological and physical loads that can affect academic
performance [37] and, over all, have a significant effect
on student wellbeing [38, 39].
The students in FCG1 performed significantly better

on the final exam than the students in TG1, consistent
with the results of a number of studies that evaluated
the effects of participative strategies on performance in
different health sciences fields [17, 40–42], particularly
in physiology [15, 43]. TG1 and FCG1 students showed
high levels of stress and anxiety, as did all of the other
students, but these students were new to the course,
which distinguished them from the others. In these stu-
dents, the only parameter that changed during the study

was the level of salivary cortisol, which increased signifi-
cantly in the second measurement, without a further in-
crease, which could reflect the biological stress
secondary to facing a completely different methodology,
although the flipped classroom strategy had a positive ef-
fect on their final performance, possibly because the
course was their first contact with these specific topics,
and the participative method gave them new tools to
better face the challenge of learning specific concepts.
Additionally, the availability of a virtual platform that
allowed them to communicate and interact with teachers
and peers permanently helped them to learn more ef-
fectively, as they reported in the qualitative evaluation.
In contrast, the students in TG2 performed signifi-

cantly better on the final exam than the students in
FCG2, although they reported dedicating less time to
studying. Their worse performance when subjected to
the flipped classroom methodology could be a conse-
quence of exposing students with poor previous know-
ledge and academic outcomes to a new method that
requires many tools to perform it efficiently. Therefore,
the FCG2 students had to spend more time trying to
learn the material by themselves, which required some
autonomy and not only reading class notes and follow-
ing a rigid guide, which was the format with which they
were familiar from other courses. Students prefer to
adapt old strategies to a new method because it is famil-
iar and because there is some resistance to change [44],
since adapting to new methods requires more time and
generates more stress. Another possibility to consider is
that the students in FCG2 were too confident about
their previous knowledge because they were repeaters
and for this reason, they did not study the materials or
participate actively in the flipped classroom strategy.
Due to familiarity, the TG1 students were acquainted
with performing with known conditions and content.
However, the general performance was low in both TG2
and FCG2, consistent with the academic history of the
subjects included in these groups. It is worth noting that,
although in all of the participants the levels of salivary
cortisol were high, the initial levels were significantly
higher in repeaters, which is a factor that must be con-
sidered a contributor to their poor performance. Fur-
thermore, second measurement of subjective stress
levels increased in some dimensions in repeaters, per-
haps due to expectations about the proximity of the final
examination, which could significantly affect their final
grades. These findings could be explained by the re-
peaters, in contrast with the new students, having higher
expectation levels because they had had previous contact
with the content and perceived the process to be very
difficult.
In general, all of the students, without differences be-

tween entrants and repeaters, evaluated participating in
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the flipped classroom methodology to be a positive ex-
perience, as evidenced by the qualitative and quantitative
assessments, in agreement with other studies [19, 42].
The only aspect that was consistently poorly evaluated
was the ventilation of the room in which the encounters
with the teacher occurred, which was a location prob-
lem, that underscored an important issue to resolve. An-
other issue to be noted was student complaints about
insufficient time to spend in independent work, which
should be considered when designing academic
schedules.
The students emphasized the positive experience when

enjoyable activities were included, consistent with other re-
ports [40]. All of the other aspects were considered positive,
but the majority expressed the need to maintain traditional
lectures, in which the teacher is present and explains the
topic to the students, at least for some specific themes. This
outcome indicates that, for the heterogeneous groups in
our institutions, it is necessary to design courses that em-
ploy different methodologies and strategies and that com-
bine participative and traditional methods.
Continuous evaluation is a very positive aspect of the

new approach, since the students identified this strategy
as a way to compel students to dedicate more time to
studying the topics. These observations have been sup-
ported by a number of authors, who have argued that
formative evaluations allows for the detection of pro-
gress and difficulties in the teaching-learning process,
enabling teachers and students to progressively adjust
the process [45]. Additionally, creating new ways to talk
about topics, employing ludic strategies and using chal-
lenges and contests to prompt students to work by
themselves and to interact with their peers were positive
aspects according to the majority of the participants; the
main problem identified by the participants was the
amount of time because these types of activities require
more dedication, and thus, methods based on these
strategies require more time, which can be a problem in
some curricular structures.
The limitations of this study include that the reliability

of some answers depends on the backgrounds, the
grades of training and the cognitive development of the
students, which we did not measure. Additionally, the
sample was small and not randomized, and the groups
were not simultaneous because the students enrolled in
the courses could not be controlled or changed in any
way; thus, the results cannot be extrapolated to the gen-
eral student population. In this study, we only evaluated
gastrointestinal and renal physiology modules, corre-
sponding to the physiology course’s final part; at the
time, many students could have already been tired and
discouraged because of poor previous academic per-
formance, which this study did not assess.

Conclusions
A methodology based on flipped teaching was an effect-
ive strategy to improve academic performance in new
students of gastrointestinal and renal physiology, but the
same method was unsuccessful in repeaters. In all of the
physiology students, stress and anxiety levels were con-
sistently high, indicating the need to design strategies to
help students cope with stress and anxiety. This study
contributes to discussions of the necessity for innovation
in the methods employed in medical education to
optimize the teaching-learning process [46, 47].
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