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Abstract. The objective of the research was to evaluate the efficacy of a Blended
learning (B-learning) intervention to improve basic surgical skills in human
medicine students at a public university in Lima, Peru. A quasi-experimental
pretest/posttest study was carried out among enrolled in the Surgery course at Uni-
versidadNacionalMayor de SanMarcos (Peru). The achievement of basic surgical
skills related to biosafety, tying, and suturing using simulators of low to intermedi-
ate complexitywere evaluated. TheMcNemar´s andKruskal-Wallis test were used
for result analysis. The results showed that the intervention improved biosafety
surgical skills (including handwashing, clothing, glove usage), as well as knot-
making and suturings (p < 0.05). Observation revealed challenges with fine psy-
chomotor skills and ergonomic risk factors. Interviews yielded positive reactions,
significant learning, and motivation for continuous learning. Left-handed students
reported serious procedural difficulties, indicating a need for more targeted train-
ing. Teachers provided audiovisual materials contributing to the achievement of
basic surgical skills. The incorporation of b-learning into the learning process in
basic surgical techniques significantly increase students’ skills. Further refinement
of the model for left-handed students and ongoing training for teachers in virtual
material design is necessary.
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1 Introduction

The teaching of surgery in medical school represents a critical period during which
essential surgical skills are imparted to any physician in training [1], and it can influence
their aspirations for a surgical [2]. Traditionally, a model has been followed in which
experienced professionals teach students individually or in small groups [3], oftenwithin
the context of an operating room. A disadvantage of this approach is that student learning
can be limited by different factors, including instructor availability and complexity of
surgical procedures [3].

Therefore, it falls uponmedical schools to use a learningmethodology that facilitates
the training of various technical, cognitive and/or behavioral skills. This approach should
establish a secure learning environment that does not compromise patient safety or lead
to ethical and legal dilemmas. Additionally, the chosen methodology should be adapted
to the diverse learning needs of each student [4].

One of the methodologies employed for teaching surgery is Blended Learning (B-
learning), which combines both online (asynchronous) and face-to-face (synchronous)
learning. This approach has demonstrated significant benefits in terms of knowledge
acquisition, particularlywhen compared to traditional learningmethodswithin the health
area [5]. Notably, this methodology has generated a significant increase in accurate
diagnoses, skills, and student´s affinity for this approach [6]. Another innovation like live
streaming of surgical procedures conducted in the operating room, has shown promise
as an alternative or complement to traditional face-to-face teaching [7].

In Peru, the National University of San Marcos pioneered the initial application of
B-learning to strengthen basic surgical skills, addressing the challenge posed by a high
student enrollment in 2018 [8].This learning approach incorporated a hybrid assessment
system, providing training to both teachers and students in utilizing virtual resources for
educational materials. The model contemplated successful events as well as potential
critical scenarios, leveraging online resources for positive student feedback [8].

In 2019, improvements were introduced to the educational model including pre-class
evaluations; furthermore, then in 2022, revisions were made to the assessment tools for
gauging basic surgical skills. The present study seeks to evaluate the effectiveness of
the B-learning-based educational model in enhancing surgical skills among students
pursuing human medicine at a public university in Lima, Peru.

2 Materials and Methods

Study Design and Population
Quasi-experimental study. The population was made up of medical students from

the Universidad Nacional Mayor de San Marcos (UNMSM) in Lima, Peru, during the
years 2018, 2019 and 2022.

TheGeneral Surgery course atUNMSMis a compulsory theoretical-practical subject
comprising ten learning units. The curriculum features an Operative Technique unit
spanning 16 weeks, with classes conducted at the Institute of Experimental Surgery
within the Faculty of Medicine of the UNMSM. For this study, the population included
three cohorts of medical students, comprising 212 participants in 2018, 100 in 2019, and
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72 in 2022. Importantly, classes in the years 2020 and 2021 were conducted online due
to the COVID-19 pandemic.

Participation in the study was extended to all enrolled students of both. Data was
collected from those students who gave their consent to participate in the study. The
accessibility of the population was facilitated by the unified learning environment they
had and the specific class schedules. Exclusions comprised students who withdrew from
the course or did not attend more than 30% of scheduled practical activities.

The control group consisted of students from the 2017 cohort who undertook the
Operative Technique course using the traditional face-to-face teaching approach. This
cohort did not undergo competency-based evaluations or utilize checklists for assessing
individual basic surgical skill.

Variables and Measurement
The assessment of basic surgical skill encompassed biosafety measures, including hand
washing, donning gloves and proper attire, as well as proficiency in suturing and knot-
making. Each skill was evaluated using a checklist that was validated by the instructors
of the Operative Technique learning unit. Scores ranged from 0 to 20. Students with a
score greater than 14 were considered competent.

Academic performance was assessed as a numerical variable, measured through
the vigesimal grading system of the theoretical and practical component of the Oper-
ative Technique unit (with theory accounting for 40% and practice for 60%). Students
achieving a final grade greater than 14 were considered approved.

Description of the Intervention
The intervention, designed for educational purposes with Blended learning covered the
following areas:

1. Integration of virtual and face-to-face activities. This aspect of the intervention
began in 2018 by establishing a virtual classroom on the Moodle 3.0 platform ded-
icated to the Operative Technique subject (https://unmsm.online/medicina/loginepme
dicinahumana/). Within this virtual space, recorded theoretical lectures, teacher-created
procedure demonstration videos, discussion forums and consultation channels, as well as
a repository of relevant literature for both teacher and student were made available (see
Fig. 1). Additionally, a designated area allowed students to upload they own recorded the
videos of procedures from multiple angles (see Fig. 2). Teachers underwent training to
effectively utilize the virtual classroom and develop virtual materials, including practice
guides and assessment tools such as rubrics and checklists.

2. Preparation of checklists for student evaluation. Comprehensive checklists were
prepared for assess student´s proficiency in biosafety protocols, knot making and sutur-
ing techniques. These checklists aimed to establish a standardized evaluation process that
encompasses cognitive, procedural, and attitudinal aspects in the evidence of achieve-
ment. Checklists are available in: https://drive.google.com/file/d/13ajY2jsD-pR75WE
b4Sa3bofsqPuaXbnL/view?usp=sharing.

In 2019, the educational model was further refined, but with less changes, including
the incorporation of pre-class assessment preceding each theory session. In 2022, new
teachers were hired and trained to adopt the same approach, considering that some

https://unmsm.online/medicina/loginepmedicinahumana/
https://drive.google.com/file/d/13ajY2jsD-pR75WEb4Sa3bofsqPuaXbnL/view?usp=sharing
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Fig. 1. A: Main interface of the virtual classroom B: Demonstrative video of hand washing C:
Demonstrative video of knot with two hands D: Demonstrative video of suture

Fig. 2. Recordings made by students showing their skills in performing sutures.

teachers who had participated in 2018 and 2019 had left. Additionally, a validation of
the checklists used to assess basic surgical skills was conducted with the new teaching
staff.

Procedures in Qualitative Research
Simultaneously with the implementation, an observation and interview technique was
carried out, guided by a team member with expertise in qualitative research. The app-
roach used was phenomenological, which seeks to explore the life experiences of people
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regarding a certain event. According to Husserl [9], this paradigm aims to explain the
nature and veracity of the phenomena from the perspective of each subject.

The focus of the observation centered on the behavioral manifestations among the
research participants, which, in the context of education, is important to analyze and
interpret [10]. Both motor and verbal skills were considered as the unit of analysis.
Together with another member of the team, they observed students during face-to-face
practice sessions for basic suturing procedures, as well as the recordings made by the
instructor.

In 2019, 10 students and 5 teachers participated. The sample size was done iter-
atively based on how the information emerged during field work, eventually reaching
the saturation point. This observation extended over a period of 16 weeks, totaling 96
h (equivalent to 4 h per week). This timeframe allowed for the establishment of the
finding´s plausibility criteria concerning the experiences of the individuals under study
[11].

Finally, semi-structured interviews were also carried in 2019 to complement the
objective of the investigation. Based on Kirkpatrick’s model [12], which established the
usefulness of link learning evaluation to student satisfaction and the acquired skills, the
following questions were asked: How did you feel in relation to the implementation of
B-Learning as a part of the course? To what extent did the educational model lead to
improvements in your ir knowledge, skills and attitudes?

Statistical Analysis
Statistical analysis was carried out using the IBM SPSS Statistics V. 24.0 software. For
descriptive analysis we determined the absolute and relative frequencies of categorical
variables. To assess the change in the achievement of basic surgical skills, we employed
the McNemar´s test.

Data normality analysis was performed using the quantile-quantile plot, and the
Kruskal-Wallis testwas used to assesswhether therewere significant differences between
the scores of the theoretical and practical components with the teaching method. The
analysis of the obtained performance was carried out comparing it with the qualifications
from the year 2017 for the respective comparisons. The significance levelwas established
at 0.05.

Ethical Aspects
This study was approved by the Institutional Ethics Committee of the Faculty of Human
Medicine at Universidad Nacional Mayor de San Marcos (Approval Number: 1825).
Student participation was both anonymous and voluntary. An informed consent form
was prepared, which explained that the decision not to participate would not influence
their grades.

3 Results

A total of 384 students participated in the study, with 212 in 2018, 100 in 2019 and 72
in 2022. Among them 65.4% were male and 34.6% female. No student withdrew from
the course. During the year 2018, the increases in the percentage of proficient students
after the intervention were significant in all areas (see Table 1).
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Table 1. Number and percentage of students competent in basic surgical skills, in the years 2018,
2019 and 2022.

Assessments** 2018(n = 212) 2019(n = 100) 2022(n = 72)

Pre
n (%)

Post
n (%)

Pre
n (%)

Post
n (%)

Pre
n (%)

Post
n (%)

Hand washing1 148
(69.8%)

206
(97.2%)*

67 (67.0%) 100
(100%)

63 (87.5%) 63
(87.5%)

Gown
placement1

164
(77.4%)

204
(96.2%)*

97 (97.0%) 100
(100%)

70 (97.2%) 70
(97.2%)

Donning
gloves1

155
(73.1%)

203
(95.8%)*

98 (98.0%) 100
(100%)

66 (91.7%) 66
(91.7%)

Knot making2 155
(73.1%)

203
(95.8%)*

88 (88.0%) 94
(94.0%)

63 (87.5%) 63
(87.5%)

Making
sutures2

186
(87.7%)

207
(97.6%)*

99 (99.0%) 100
(100%)

66 (91.7%) 66
(91.7%)

1Biosecurity
2Knots and sutures
* McNemar´s test. Statistically significant difference at 5% significance level
** In the year prior to the start of the intervention (2017), no competency was carried out

Regarding the performance of the students in the subject, it was compared based on
the group of students who received traditional teaching (2017). The results show that the
intervention, in its application in 2018, was significant for the theoretical (see Table 2)
and practical (see Table 3) components, and the resulting final grade (see Table 4).

Table 2. Qualification of the theoretical component according to the B-learning didactic strategy
in the students of Operative Technique, UNMSM.

Year n Theoretical grades

mean ± SD Median ± IQR p-value†

2017 148 5.6 ± 1.20 0.01*

2018 212 6.19 ± 1.31

2019 100 6.69 ± 0.90

2022 72 6.32 ± 0.61

†Kruskal-Wallis test
*Statistically significant difference at 5% significance level

Simultaneously it was carried out the technique of observation and interviews
(Fig. 3). Being a thoughtful, planned and intentional observation, the fortuitous fac-
tors found in the course practices were considered, such as recurring patterns of support
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Table 3. Qualification of the practical component according to the B-learning didactic strategy
in the students of Operative Technique, UNMSM.

Year n Practical grades

Median ± IQR p-value†

2017 148 9.96 ± 0.60

2018 212 10.36 ± 0.73 0.01*

2019 100 10.85 ± 0.89

2022 72 10.20 ± 0.86

Total 532

†Kruskal-Wallis test
*Statistically significant difference at 5% significance level

Table 4. Final qualification according to the B-learning didactic strategy in the students of
Operative Technique, UNMSM.

Year n Final note p-value†

mean ± SD Median ± IQR

2017 148 15.45 ± 1.12 0.01*

2018 212 16.58 ± 1.81

2019 100 17.54 ± 1.49

2022 72 16.49 ± 1.13

Total 532

†Kruskal-Wallis test
*Statistically significant difference at 5% significance level

among the members of the groups assigned by each work table, verifying a lot of pres-
sure imposed by themselves to carry out practice in the best way, for the development of
skills and abilities in the various techniques, to maintain and/or improve your weighted
average. Likewise, it was possible to observe that the size of the students was varied and
extreme, which caused certain difficulties when preparing the work table for a certain
technique to be executed (Fig. 3), it was uncomfortable for some and adequate for others,
it should be noted that they had ergonomic tables and could vary the height according
to their needs, doing so caused a delay in completing its rotation. It was evidenced that
in certain students there was lack of coordination in activities that required a fine clamp,
they had to practice repeatedly due to the lack of skill at that level. There was in the
groups of left-handed young students what demanded greater concentration, since the
demonstrations were with examples for right-handed people and the teacher in charge
had the ability to demonstrate it as if he were left-handed. Within the group there were
students with laterality problems, which causes a disorganization in their fine motor
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planning required in the course. They were very willing to carry out their practices fol-
lowing the model of the video-recording of the instructor teacher. Most of the teachers
were attentive in the development of the technique by their assigned students. It was
possible to observe six designated teachers and three practice teachers who transmitted
confidence to the students to resolve doubts, speaking confidently and fluently about the
topic to be developed. The verbal level of the students was good in the majority.

After the semi-structured interviews, the following categories were obtained:

Liking Reactions
Female students were the ones who participated the most in answering the questions
provided. They expressed that theywere pleased to find support information in the virtual
classroom to reinforce their knowledge and clear up any doubts about the instrumental
procedures taught in face-to-face classes. He was also pleased by the easy access and
the fact that his learning could take place in a flexible way.

– When something is not clear to us, we go to the virtual classroom and review the
videos that are there from the classes. (Sam).

– I think it is a great support to reinforce the course. (Leti).
– In the virtual classroom we find the course ordered according to the topics of the

syllabus. (Juan).
– I think it’s cool. (Susan).

Meaningful-Combined Learning (Face-to-Face-Virtual)
The participants stated that B-Learning improved their knowledge and interest in the
different topics developed in the subject, information acquired through the video tuto-
rials, clinical cases of virtual patients, scientific articles, complementing the face-
to-face classes, allowing them to select the content on the Moodle platform about
some theoretical knowledge of a disease, surgical procedures or other higher cognitive
functions.

– It is the only course that we have everything in order and that does comply with the
syllabus”. (Lalo).

– I am happy with the course, I am learning. (Rita).

Perceptions of Teachers About the Educational Intervention
In the same way, we proceeded to understand the perceptions of teachers about the
educational intervention. The testimonials regarding B-learning were:

– Each time the virtual classroom was friendlier for me. (Teacher A).
– At first I didn’t even know how to enter the virtual classroom, I was afraid. (Teacher

B).
– Points to improve? I would say, more commitment on our part. (Teacher C).
– Motivated attitude to continue with the virtual classroom, I say. (Teacher D).
– Now I can make forums in the virtual classroom. (Teacher E).
– Review easily assigned tasks. (Teacher F).
– I think that measuring the achievement of course competencies achieved by the

students would serve to validate the intervention model. (Teacher H).
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Fig. 3. Students during the practical classes ofOperativeTechnique, year 2019.AandB. Teachers
attentive to the development of the skills of tying knots with low complexity simulators by the
students. C. Inadequate posture of the students maintained during practice

4 Discussion

Thepresent study aimed to evaluate the effectiveness of theB-learning educationalmodel
in imparting basic surgical skills. The findings clearly indicate that its application during
the years 2018, 2019 and 2022 led to an increase in the number of students demonstrat-
ing competency in basic surgical skills. While significant differences were only found
in 2018, it is important to consider the potential explanatory factor of heterogeneous
numbers of students across the 3 application years.

The effectiveness of B-learning has been demonstrated in previous studies. A meta-
analysis conducted in 2019 concluded that B-learning effectively improved the knowl-
edge of nursing students [13]. In the study carried out byMoon et al. [14], the application
of B-learning in a cardiopulmonary resuscitation (CPR) program was found to effec-
tively enhance the knowledge and attitudes of nursing students. Furthermore, the study
by Chen et al. [15] revealed a significant improvement in average test scores of the labo-
ratory for laboratory courses through the utilization of B-learning, in comparison to the
traditional learning method.

To the best of our knowledge, we could not find prior studies that used the B-
learning methodology in basic surgical skills with simulators of different complexity
(low, medium and higher complexity), which highlights the originality of the study
carried out and the flexibility in the use of any of these simulators where the student
must be prepared to obtain the same results or close data [8].

The utilization of checklists for assessing each of the surgical skills is a noteworthy
factor. Its implementation has demonstrated potential benefits, particularly in intensive
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and highly complex procedures in humans that involve multiple steps. The use of chek-
lists contributed to fostering coherence and precision in executing specific tasks [16].
Recently, a study focused on enhancing teaching outcomes in surgical skills employed a
competency and performance checklist, resulting in increased competency, performance,
and student satisfaction within the course [16].

In addition, the creation of demonstrative videos that were accessible prior to the
face-to-face sessions emerge as a pivotal element contributing to the achievement of the
learning objectives. This methodology has been used to teach a variety of surgical skills
[17, 18]. A program that comprised a total of 12 video tutorials addressing instruments
usage, suturing and knotmaking, demonstrated that students significantly improved their
surgical familiarity, knowledge and competence [3].

From the analysis of the interviews, it is evident that both students and teachers
perceive the implementation of B-learning positively, which is also consistent with other
investigations in the surgical area; such as training in maxillofacial surgery [19] and
spinal surgery [20]. Zambrano G. et al. [21], reported that a significant majority of
Medicine students found practicewith standardized or simulated patient to be conductive
to knowledge integration. In their study, 95.8% (45 of 47) of responded perceived this
strategy as useful for developing communication skills [21]. Likewise, in the study
by Oliveros [22], it is evident that after the implementation of a specialty program in
Anesthesiology under the B-learning model allowed to make the reading content and
the learning load more flexible so as not to exceed the dedication time of 10 h per week,
showing great benefit for the feedback of information and self-learning. In a systematic
review and meta-analysis [23], authors point out that the success of the platform would
be related to the commitment of students in their free time.

Considering medical education as a process of constant change and innovation using
information and communication technologies, the strengthening of skills in operative
techniques has been determined in compliance with biosafety standards in surgery and
the results obtained are similar to other research carried out in a laparoscopic anastomosis
course where a statistically significant improvement of 80.5% was observed in all the
parameters of the procedure (94.8% residents vs. 67.3% specialists) [24]. Likewise, it
has also been shown that the use of simulations and virtual training through educational
videos on compliance with biosafety standards and surgical skills have been feasible
and equally effective as face-to-face [24].

B-learning allows teaching to be individualized, adapting it to the learning needs of
each student and allows training technical, cognitive or behavioral skills [25], as well
as determining the correct position to perform them, the ability of the hands (left and
right) to harmonize their best skills, teamwork and the development of a professional
who complies with basic biosafety standards in a surgical environment, making the right
knot and suture for each patient, learning and recognizing the satisfaction and needs of
the actors main: the student and the teacher facilitator [3, 19].

The present study should be interpreted considering some limitations. First, it is
noteworthy that all the equipment purchased (materials, real estate) was aimed at the
right-handed population. Consequently, left-handed students encountered difficulties
during the intervention, particularly related to ergonomics (an important factor for the
development of these skills in clinical practice) [26, 27]. This fact highlights an area for
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innovation in subsequent studies. Second, a limiting factor was the level of interaction
between teachers and student, especially in cases where both have little or no experience
in applying this model. Addressing this, induction and preparatory training for the facili-
tating teacher becomes important, alongside the engagement of an instructive team with
experience and knowledge of this model. This approach encourages active participation
in forums, and even from an early educational stage, it becomes essential to enhance
personal and investigative skills [28, 29].

In conclusion, the B-learning model implemented in UNMSM during the years
2018, 2019 and 2022 for teaching basic surgical techniques have demonstrated a signif-
icant increase in the students’ skills. To further enhance, it is necessary to complement
the model for left-handed students, include the ergonomic considerations, and provide
continue training for teachers in the design and management of virtual materials.
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