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 Abstract 

Introduction: Error-based learning encompasses various studies 
that range from general to specific, placing greater emphasis on 
understanding and addressing errors in medical training. Objec-
tive: To evaluate obstetric students’ curricular experiences and sat-
isfaction with error-based learning compared to the traditional sys-
tem. 

Method: This study was conducted at the University of 
Guayaquil. Two groups were established, one using a traditional 
system and the other employing error-based learning. The accu-
racy of each group was assessed. 

Results: A total of 160 students participated. This strategy en-
couraged students to explore the identified errors and enhance the 
knowledge gained during the investigation. The knowledge ques-
tions sparked interest, reflecting a high percentage of correct an-
swers compared to the traditional system. Moreover, the surveys 
conducted at the end of the classes revealed an 80% satisfaction 
rate with this strategy. 

Conclusions: The learning methodology allowed the students in 
the obstetrics department to participate more actively, coopera-
tively, and critically in the research. The research was focused on 
the student, who demonstrated better knowledge and satisfaction 
with the teacher's support for the difficulties presented. 
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Introduction 
Medical careers use various strategies to develop effective 
teaching methodologies to have a solid base of scientific 
knowledge and skills in students to analyze problems or cases 
[1,2] that respond to the high demand in recent years, im-
proving the gap in medical training. The term "learning" re-
fers to acquiring knowledge through experience and research 
and is also related to remembering. Learning is understood as 
an innate set of own and inherited skills that are influenced by 
what has been learned in individual and collective experi-
ences. The neural system participates in this process along 
with specialized areas of the central nervous system, such as 
the limbic system, which analyzes signals from the body and 
provides responses based on various factors, such as security, 
socioeconomic status, and socialization [3]. Guaranteeing the 
reactions between the individual and the social environment 
to which they belong. Rewards, sanctions, complicity, com-
panionship, solidarity, guarantees, etc, integrate this learning. 
The traditional system of teaching has been the method of 
learning that medical teaching has adopted [4]. Master classes 
have been a popular way of teaching due to their effectiveness 
in transmitting knowledge, particularly by the large number 
of students; however, the investigative production presented 
by the lectures is ineffective for learning the skills and critical 
tendencies needed. In higher education, such as medicine [5], 
the traditional method is focused on teachers, who passively 
transmit knowledge to students [6]. 

 The teaching system establishes various learning styles for 
multiple subjects, which are directed by the master class and 
supported by individual works and visual resources [7]. In 
medicine, methods are being implemented to improve stu-
dent‒teacher interaction, which implies a change in the tradi-
tional educational paradigm using novel didactic methodolo-
gies. Error-based learning is a teaching approach in which 
mistakes are used as a learning platform; it is a methodology 
where the teacher includes errors to motivate students to find 
the correct answer and solve a problem [8]; and it develops 
self-appreciation and the benefit of identifying mistakes when 
obtaining collaborative communication between individuals, 
promoting group work, increasing academic performance, 
dedication and companionship. For various subjects, the 
teaching system uses multiple learning styles directed in the 
classroom and supported by individual assignments and visual 
resources. This learning strategy has been motivated by gam-
ification [9], with experience applied at the Complutense 
University of Madrid, allowing many students to increase 
their evaluation scores. Likewise, it is related to the metacog-
nitive and constructivist system in the written communication 

of high school students [10]. Mistakes by teachers help retain 
students' knowledge during the learning process [11]. The 
beneficial effects of error could lie in implicit cognitive pro-
cesses [12]. Although mistakes are the first source of learning, 
deficiencies in the organization that need to be improved are 
frequent [13]. Errors with the impulse technique in children 
aged 10--12 years have been essential for improving the self-
efficacy and motivation of students [14]. 

 In medicine, various teaching methods, such as clinical 
case analysis, seminars, simulations, and information and 
communication technologies, are usually different from those 
applied by students in clinical practice. In general, it is not 
known whether these approaches meet students' needs when 
they seek teacher strategies. The University of Guayaquil, 
sensitive to this need, has proposed using more effective and 
active methodological techniques. This work aimed to com-
pare the differences between the error-based learning strategy 
and the traditional system for teaching obstetrics to medical 
students. 

Materials and methods 
Study design 
The present study is quasiexperimental. The source is pro-
spective. 

Stage 
The study was developed at the University Hospital of 
Guayaquil, in the chair of gynecology/obstetrics of the Fac-
ulty of Medicine. The field phase lasted from May 1, 2023, to 
August 31, 2024, and the analysis period lasted from Septem-
ber 1, 2023, to November 30, 2024. 

Participants 
Students who took a course on gynecology or obstetrics and 
were regularly enrolled in all semesters of their medical career 
were included. Students with repeats of the year or with trans-
fer from another university were excluded. Two research 
groups were formed. The first group comprises learning based 
on errors (ABE), and the second group includes learning with 
traditional systems (ASTs). 

Variables 
The variables were knowledge about hypertensive disorders 
during pregnancy and student satisfaction. 

Data sources/measurements 
The source was direct; an electronic form was filled out from 
a knowledge questionnaire and a satisfaction survey of the 
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students in each group. The approach included learning 
spaces for the ABE group, with groups of 12 to 15 students, 
raising the issue to discuss with errors imposed by the teacher, 
opting for observation in different degrees of participation 
with the hypotheses and resolution of errors through an inves-
tigation on site, looking for the right thing. For the traditional 
system, seminars are organized by the teacher or by the stu-
dents. A knowledge assessment and a survey were subse-
quently carried out to measure the level of satisfaction using 
the techniques and instruments for collecting the primary and 
secondary information listed below: 

Primary information. Information given by the teacher 
with errors in topics, for example, which of the following en-
tities is associated with multiple pregnancies more frequently? 
What is the site of action of furosemide? Complications of 
preeclampsia. Clinical picture of preeclampsia; Treatment of 
preeclampsia. 

Secondary information: search for errors individually 
and analyze documents. This consists of collecting existing in-
formation about the errors that are the focus of the study from 
books, theses, web pages, or general documents. This infor-
mation is necessary to relate the past with the current situation 
to interpret, understand, and explain the essence of the studies 
presented by the teacher. 

Tertiary information. The content was evaluated 
through a questionnaire in the classroom and, later, the sur-
vey: Qualitative-descriptive type, which is corroborated by 10 
multiple-choice questions when comparing natural phenom-
ena in the teaching-learning process via 5-point scales, 5 = 
always; 4 = almost always; 3 = sometimes; 2 = rarely; and 1 
= never. 

Biases 
Applying the participant selection criteria avoided observa-
tion and selection bias. To prevent possible interviewer, infor-
mation, and memory biases, the principal investigator main-
tained the data at all times with a guide and records approved 
in the research protocol. Two researchers independently an-
alyzed each record in duplicate, and the variables were rec-
orded in the database once their agreement was verified. 

Study size 
The study sample included 500 students registered in the 
institutional system. The population size had a 95% 
confidence interval, an acceptable error of 5%, an expected 
frequency of 50%, and a sample size of 160 students, with 80 
in each group. 

 Assignment to each group 

The assignment to each group was simple randomized, using 
a table of numbers generated via a computerized sequence. 

Blinding 
The maneuver could not be blinded due to the apparent dif-
ferences in the learning methods, which is why the study was 
quasiexperimental. 

Quantitative variables 
Descriptive statistics were used. The results are expressed as 
frequencies and percentages. The categorical variables were 
not converted into quantitative variables. 

Statistical analysis 
The qualitative variables were analyzed using frequencies and 
percentages. A 95% confidence interval is presented for a pro-
portion of the relevant prevalences. The proportions are com-
pared with the chi-square test. The statistical package used 
was IBM Corp. (released from 2018). IBM SPSS Statistics for 
Windows, Version 26.0. Armonk, NY: IBM Corp. 
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Results 
Participants 
Eighty students were assigned to each group, and 10 were ex-
cluded out of 500 students (Figure 1). 
 

 Figure 1. Study participants. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Main characteristics of the study group 
The average age of the students was 22.5 ± 1.4 years. In terms 
of gender, 80 students were women (50%). Table 1 compares 
the initial characteristics of the students in the ABE system 
and the traditional system (Table 1). 

There were no significant differences between the two 
systems regarding sex, age or grade (P > 0.05). In addition, 
the demographic characteristics of the students in the tradi-
tional system were not significantly different from those in the 
ABE system. The average time dedicated to a class is shown 
in the ABE and conventional systems, which are significantly 
different (Table 1). 

Scores 
A comparison of test scores between the ABE and the tradi-
tional system before and after the class revealed that the aver-
age scores of the preclass tests and the scores of essential 
knowledge and case analysis were 70.43 ± 12.23, 45.23 ± 
15.32, and 23.34 ± 12.4, respectively. However, for the tradi-
tional system, the values were 75.34 ± 12.3, 68.35 ± 13.3, and 
35.43 ± 13.2, respectively. Notably, the preclass test scores for 
the conventional system were significantly higher than those 
for the ABE system (P < 0.05). 

 After class, the total mean score of the postclass tests and 
the basic knowledge scores for the ABE group increased sig-
nificantly, from 72.23 ± 12.5 and 48.25 ± 13.23, respectively 
(P < 0.05), except the case analysis score after the class, which 
did not significantly differ in its means, 31.23 ± 14.2 and 
30.24 ± 13.4 (P <0.05) (Table 2). 

 Table 1. Descriptive characteristics of the group. 
  ABE 

n=80 
 AST 
n=80 

 P 

 Women 40 (50%) 40 (50%) 1.00 
 Schooling 

 Tenth semester 80  (100%) 80 (100%) 1.00 
 Age 

 Age (Years) 22.5±1.4 22.5±1.4 0.396 
 Time spent 

 Class time (minutes) 107.23±14.51 95.6.0±15.63 <0.001 
 ABE: Learning based on errors. AST: Learning with Traditional System. 

Intragroup delta difference analysis 
 Similarly, in the traditional system, the mean total score de-
creased significantly from 75.34 ± 12.3 to 68.51 ± 11.32 (P = 
6.39x10 ^ (- 5) < 0.05). In addition, the scores for bare 
knowledge and case analysis decreased significantly from 
68.35 ± 13.3 to 39.51 ± 13.3 and from 35.43 ± 13.2 to 30.24 
± 13.4, respectively (P < 0.05). Moreover, the average total 
score and the basic knowledge scores in the ABE system were 
not significantly different from their means (70.43 ± 12.23 to 
72.23 ± 12.5 and 45.23 ± 15.32 to 48.25 ± 13.23). In contrast, 
for the analysis of the cases, the scores increased significantly 
from 23.34 ± 12.4 to 31.23 ± 14.2 (P = 4.31x10 ^ (- 5) P 
<0.05) (Table 3). 

 Table 2. Pretest and posttest scores of the study groups. 
  ABE 

n=80 
 AST 
n=80  P 

 Preclass score 
 Total score. 70.43 + 12.23 75.34 + 12.3 0.0051 
 Basic knowledge score. 45.23 + 15.32 68.35 + 13.3 <0.0001 
 Case analysis score. 23.34 + 12.4 35.43 + 13.2 <0.0001 

 Postclass evaluation score 
 Total score. 72.23 + 12.5 68.51 + 11.32 0.028 
 Basic knowledge score. 48.25 + 13.23 39.51 + 13.3 <0.0001 
 Case analysis score. 31.23 + 14.2 30.24 + 13.4 0.612 
 ABE: Learning based on errors. AST: Learning with Traditional System. 

 

 

 

 

500 posibles partici-
pantes. 

Excluidos: repeti-
dores, transferidos de 
otra universidad, con 
asistencias irregula-

res. 

160 estudiantes- alea-
torizados 

80 asignados a 
Aprendizaje Basado 
en Errores (ABE). 

80 asignados a 
Apredizaje  con el 

Sistema Tradicional 
(AST) 
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 Table 3. Intragroup Delta Differences. 
  Delta 

n=80 
 T  P 

 ABE group score 
 Total score. -6.83 ± 0.98 4.08 6.39𝑥10!" 
 Basic knowledge score. -28.84 ± 0.01 15.33 1.70𝑥10!#" 
 Case analysis score. -5.19 ± 0.200 2.75 0.006 

 AST group score 
 Total score. +1.8 ± 0.27 -1.02 -1.02 
 Basic knowledge score. +3.02 ± 2.09 -1.49 -1.49 
 Case analysis score. +7.89 ± 1.8 -4.18 -4.18 

 ABE: Learning based on errors. AST: Learning with Traditional System 

Discussion 
The traditional educational system is adequate for imparting 
theoretical education [15 -17]. However, this system is unsuit-
able for advanced medical students to develop clinical reason-
ing and communication skills. With the advent of the internet, 
information has grown rapidly, and personal computers and 
mobile devices have made e-learning a tool in higher educa-
tion, allowing medical students to obtain helpful information 
quickly. Consider and ask questions; obtaining new infor-
mation is essential in education [18,19]. In this process, ABE 
teaching strategies, which differ from traditional teaching 
methods, aim to facilitate health and encourage students to 
actively move from “what I learned” to “what I want to learn” 
[20]. 

Some studies have focused on ABE [21 -27] rather than 
traditional education systems and shown the advantages of 
EBA. For example, the ABE emphasizes that staff prepare 
clinical case reports and documentation to help students de-
velop comprehensive and practical clinical skills. Students 
also learn theoretical techniques [28]. Considering these indi-
vidual strengths, this study focused on the ABE to understand 
the problems associated with errors. 

It is a strategy through which the teacher includes errors 
to motivate the student to find and solve an evaluation [8,29]. 
Historically, teachers were the only ones who mediated 
knowledge [7,30 31]. With the advancement of technology, 
new strategies and teaching systems are being promoted, 
which allow students to participate more in teaching and in-
teract more with teachers. However, the student is still respon-
sible for their learning [32]. These results are related to the 
experience applied in five subjects with practical methodology 
at the Complutense University of Madrid, which allowed 
many students to obtain high marks [9,33]. This learning 
strategy encourages searching for information and resolving 
errors presented by the teacher in the classroom. The Applied 
Dietetics program, which included texts and practical semi-
nars with errors using Kahoot! as an alternative to overcome 

students' fear of public speaking, was similar to the clinical re-
view of error resolution [34,35 ]. 

Even in areas where no errors have been reported, collab-
orative teaching methods are more effective than traditional 
methods, similar to evaluating errors with the impulse tech-
nique in children aged 10-12 [36]. Thus, physical education 
teachers must practice to improve their methods and effec-
tiveness. This procedure is crucial for increasing student self-
efficacy and motivation [37]. 

 The students learned clinical, self-learning, and team-
work skills and effectively solved clinical errors [38]. As a re-
sult of this experience, teachers and tutors of different roles 
promoted the necessary practice to develop this methodology, 
contributing to an organizational education that fosters the 
principles of responsibility, innovation, help, participation, 
and individual and collective reflection [39]. 

Teachers may encounter some difficulties due to cohesion, 
communication, and competency interaction deficiencies. 
Still, these difficulties can be overcome over time [40], which 
is related to the high academic performance of students who 
depend on resources to obtain information. Therefore, aca-
demic performance is influenced by various factors that inter-
act during the learning process [41]. This research is fascinat-
ing because teachers and students build knowledge based on 
the space of action established by medical action [42]. 

Examining the efficacy and acceptability of the ABE 
teaching method in obstetrics and gynecology compared to 
conventional teaching methods. We acknowledge that 
OB/GYN courses still lack ABE training. In our study, stu-
dents in the traditional educational system memorized funda-
mental knowledge from textbooks. Consequently, the overall 
scores of the case analysis and the pretest of the conventional 
system were significantly higher than those of the ABE system 
(75.3 compared to 70.4 and 35.4 compared to 23.3, respec-
tively). This highlights the advantage of the pretest in the tra-
ditional educational system. 

 The students of the ABE system reviewed material 
throughout the course without case analysis or discussion top-
ics. A comparison of the total scores of the course and the 
analysis of the cases revealed that the ABE group achieved 
significantly better results than the traditional group (72.2 vs. 
68.5 and 31.2 vs. 30.2, respectively). This explains why the 
ABE training model is adequate. The mean total and essential 
knowledge scores were not significantly different on average 
between the two systems (P <0.05). Compared with the tradi-
tional system, the ABE teaching system helps reduce students' 
free time, indicating its effectiveness in applying medical 
chairs. 
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Our study had several limitations. First, we analyzed the 
results of a specific semester, which may vary across facilities. 
Second, there was no blinding procedure in this study, so 
some bias in the analysis was unavoidable, preventing teach-
ers from observing students impartially in terms of their lead-
ership qualities, which are influenced by self-efficacy and the 
development of students' interpersonal relationships. Third, 
our study was based on a gynecology course. In the future, we 
plan to conduct multicenter randomized trials with large sam-
ple sizes, different curricula, and long-term follow-up periods. 

Conclusions 
This teaching strategy enabled active and cooperative lear-
ning centered around the students. In this experience, a group 
of obstetric students expressed satisfaction and support regar-
ding the instructor's errors in applying his teaching method 
and diagnosing and treating these errors. This enabled each 
student to personalize their learning and explore their areas 
of interest, facilitating the implementation of this teaching 
strategy in other subjects of medical education. 
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