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ARTICLE INFO ABSTRACT

Keywords: Introduction: In recent years, modern technologies have become established in most educational fields. Thus, e-
B-learning learning tends to be an integral part of the learner-centered learning process, with the teacher acting as a
E-learning

facilitator. However, the methodologies used to study the impact of e-learning have been varied and imprecise,
making comparison and meta-analysis difficult. This study attempts to overcome these obstacles with a large and
Anatomy and medical education homogeneous sample to compare (1) the academic outcomes obtained with face-to-face and e-learning in a
Human anatomy blended module of human anatomy and (2) the response attempts (response index) of each student in answering
Multiple-choice exams questions specific to each learning modality.

Material and methods: The results of the multiple-choice exams under study were collected. All students (n=1160)
were from four consecutive academic years following the same teaching program with a b-learning method: 13
topics were presented face to face by the same lecturers, and six via e-learning with the same online resources.
Two variables were compared: (1) the academic grade, based on the score for correct answers and the penalty for
incorrect ones, and (2) the response index, based on the number of correct and incorrect answers.

Results: (1) 73.45 % of the examinees passed the test. In the sample as a whole, results were better in face-to-face
than in e-learning. In the quartiles ordered by overall academic performance, this superiority was limited to the
top half of the higher-performing students. In contrast, lower-scoring students performed better in e-learning.
However, these differences were modest (< 0.54 points). (2) In proportion, the questions on topics learned face-
to-face were the most frequently answered. A strong correlation was observed between the variables in the whole
sample and the students with the highest academic scores (first quartile) on the global exam and the questions on
topics learned in each modality. In the remaining quartiles, the correlation was also strong in the e-learning
content.

Conclusions: (1) Both modalities included in b-learning are academically effective. (2) Proportionally, students
take more risks when answering content questions learned in face-to-face classes, and there is a strong corre-
lation between response attempts and academic grades, especially, on the brightest exams and e-learning
content.

Face-to-face learning
Learning in anatomy
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1. Introduction

Electronic learning (E-learning) based on computers, the Web (Ruiz
et al., 2006), and mobile applications (Sonne et al., 2021; Rangel-de
Lazaro and Duart, 2023) has been successively introduced due to the
continuous development of digital technology.

The terms e-learning and online learning are often used inter-
changeably. The latter is broader and includes new developments in
learning over the Internet, but excludes other offline electronic media (e.
g., CDs, DVDs) (Bell and Federman, 2013).

Although it is too early to be certain, it may be that the forced
implementation of online teaching during the SARS-CoV-2 virus
pandemic was a dynamic factor in the expansion of this methodology by
allowing testing with it, even for those teachers most resistant to change
(Rajab et al., 2020), and to make it a permanent part of the educational
strategy (Bockers et al., 2021; Evans and Pawlina, 2022; Messerer et al.,
2023).

Before the pandemic, Bell and Federman (2013) noted that all in-
dicators pointed to the unstoppable growth of e-learning in post-
secondary education. This is evidenced by the design of specific plans for
its development since the beginning of the century (Bates, 2001) and the
increase in publications on online and blended postsecondary learning
collected in broad reviews (Aristovnik et al., 2023; Bell and Federman,
2013; Wu, 2015; Hachey et al., 2022; Jeffs et al., 2024).

E-learning has been implemented as a main resource in distance
universities. In others, blended learning (b-learning) has allowed face-
to-face learning to coexist with e-learning (Kim et al., 2008; Vallée
et al., 2020; Saiz-Manzanares et al., 2022). In educational projects with
flipped classrooms, e-learning has been an additional teaching resource
for students to study and prepare lessons before classroom discussions
(Jesurasa et al., 2017; Sierra-Fernandez et al., 2023).

In medical education, online learning and assessment could soon
become widespread (Saiyad et al., 2020), due to the pressing demand for
more health professionals, especially in less developed countries (Barteit
et al., 2020), and the increasing use of the Internet to obtain academic
information (Kadam et al., 2018).

In anatomy courses, the pandemic proved to be the main reason
(70.97 %) for the increase in e-learning (Abualadas and Xu, 2023). The
consequences of restrictions on cadaver donations and their use in
teaching during the pandemic have highlighted their importance for
learning human anatomy (Brassett et al., 2020; Schulte et al., 2022).

The sudden shift from exclusively face-to-face teaching to online
learning that occurred during the last pandemic has revealed some
problems related to curriculum planning, student assessment, lack of
personal interaction, inequality of individual access to online technol-
ogy (Rajab et al., 2020), high cost of some multimedia materials,
maintenance of Internet platforms, and technological preparedness of
users (Vallée et al., 2020; Nuuyoma et al., 2023). On the other hand, it
has shown that e-learning has improved access to information and its
distribution by eliminating the need for the physical presence of stu-
dents and teachers at specific times and places (Kemp and Grieve, 2014),
with corresponding time savings (Rouleau et al., 2019); has allowed
updating of subject matter; has facilitated personalized training, both in
terms of pacing and content (customizing the look and feel of the system,
adapting its use, setting one’s own goals...) (Chin et al., 2019); has
opened up the possibility of self-regulated learning (Saiyad et al., 2020),
and provided the opportunity of immediate self-assessment (Chin et al.,
2019). Although it is known how students interact with online re-
sources, no relationship has been found between levels of engagement,
usage, and assessment outcomes (Pickering and Swinnerton, 2019° Ullah
et al., 2023 However, educational institutions that used e-learning
intensively in the years leading up to the pandemic experienced less
learning loss due to the health crisis (De Witte and Francois, 2023”

Some studies have shown that learning through electronic methods
produces better academic results than face-to-face teaching (Kumta
et al., 2003; Cook et al., 2008; Voutilainen et al., 2017; Barteit et al.,
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2020; Shikino et al., 2021), although others attributed this greater
effectiveness to use in combination with face-to-face learning
(b-learning) (Lehmann et al., 2015; Liu et al., 2016; McDonald et al.,
2018; Means et al., 2013; Sheikhaboumasoudi et al., 2018; Vallée et al.,
2020; Pdegaard et al., 2021; Sonne et al., 2021; Sdiz-Manzanares et al.,
2022; Delafontaine et al., 2023), by adding the advantages of both
modalities (Cardoso et al., 2019)" In contrast, other authors found better
results with face-to-face learning (Khasawneh et al., 2016; Turcic et al.
2023) or no differences in the results obtained by the learning methods
(George et al., 2014; Kemp and Grieve, 2014; Wu, 2015; da Costa Vieira
et al., 2017; Vaona et al., 2018; Stevens et al., 2019; Abualadas and Xu,
2023; Lien et al., 2023). This disparity has been explained by the diffi-
culty of comparability across studies and meta-analyses due to the het-
erogeneity of both the learning modalities (Law et al., 2018), assessment
approaches (Clunie et al., 2018; Nicoll et al., 2018), methodological
reporting bias, and the unsatisfactory sample size of several reviewed
articles (Zhang et al., 2024).

In the present study, based on the homogeneous b-learning teaching
experience of 1160 second-year undergraduate medical students, the
results of the multiple-choice exams of a human anatomy module were
analyzed with the following objectives: First, to describe and compare
the academic outcomes obtained with face-to-face and e-learning. Sec-
ond, to assess the impact of minority online content responses on overall
academic performance. Third, to describe and compare the response
attempts of the students in answering the questions, as incorrect answers
were penalized. Fourth, to analyze the correlation between academic
grades and response indexes.

2. Material and methods
2.1. Study sample

The results, question by question, of the 1160 multiple-choice exam
of the Human Anatomy-Digestive System module taken in four consec-
utive academic years were compiled. This module was taught in the
second year of a bachelor’s degree in medicine at the Autonomous
University of Barcelona (also known as UAB), Spain.

Table 1 shows the academic and demographic data of the students
examined.

2.2. Study design

This study is based on data from the first four academic years of b-
learning implementation in the Digestive System module, the only ones
in which the program, instructors, online materials, and evaluation
criteria were consistent. The main objective was to compare students’
academic performance between topics learned online or in lectures.
Therefore, the present study focused on the grades of the first multiple-
choice test of the module and not on the subsequent make-up test or the
practical exam (see Section 2.3.2.2).

2.2.1. The exam

The exam consisted of forty questions, each with one correct answer
out of five choices. One point was awarded for each correct answer, and
0.25 points were deducted for each incorrect answer. There was no

Table 1
Demographic and academic data of the students assessed.

Academic University entrance Mean n Female Male
year cut-off score? age® % %

2014-2015 12.09 21 312 68.77 31.23
2015-2016 12.15 21 247 68.65 31.35
2016-2017 12.39 21 381 73.75 26.25
2017-2018 12.35 21 220 73.99 26.01

Note: ? scale from 0 to 14; b data from UAB (2024).
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penalty for unanswered questions. Examinations with an overall aca-
demic grade of >5 (on a scale from O to 10) were considered passed. The
exam questions were mainly aimed at the taxonomic levels of remem-
bering and understanding, and, to a lesser extent, applying and
analyzing.

2.2.2. Learning outcome measures

The number of questions on topics learned in the classroom and
through e-learning was extracted from the exam questionnaire. The
percentages of correct, incorrect, and blank answers were obtained from
the automatic correction data of the exams using optical mark readers
(ROM).

To compare results between courses, the difference between the
percentages of correct and incorrect answers was evaluated, considering
that the higher the value, the better the result. The percentage of
unanswered questions (blank answers) was also compared.

Two scores were obtained from each student’s tests: academic grade
and response index. These scores were calculated three times: for the
exam as a whole and the questions on the content of each learning
modality.

2.2.2.1. Academic grade. The academic grade was calculated using the
above evaluation criteria (Section 2.2.1). The formula used to calculate
academic grade (AG) was:

AG = (nca — (nica x 0.25)) x 10/tnq

where nca was the number of correct answers, nica was the number
of incorrect answers, and tnqg was the total number of exam questions
(Table 2). The scale ranged from O to 10 points.

2.2.2.2. Response index. To calculate the response index (RI), one point
was awarded for each correct and incorrect answer. Unanswered ques-
tions were not scored. Therefore, since incorrect answers were penalized

Table 2
Number of questions and percentage of answer types for each learning modality.
Academic Question topics Number of Answer Percentage
year questions type
2014-2015
E-learning topics 5 Correct 52.63
Incorrect 17.69
Blank 29.68
Face-to-face 35 Correct 67.27
learning topics
Incorrect 17.57
Blank 15.16
2015-2016
E-learning topics 6 Correct 70.31
Incorrect 15.79
Blank 13.90
Face-to-face 34 Correct 60.24
learning topics
Incorrect 22.80
Blank 16.96
2016-2017
E-learning topics 6 Correct 62.56
Incorrect 17.06
Blank 20.38
Face-to-face 34 Correct 67.75
learning topics
Incorrect 15.00
Blank 17.25
2017-2018
E-learning topics 5 Correct 69.00
Incorrect 18.82
Blank 12.18
Face-to-face 35 Correct 61.76
learning topics
Incorrect 19.01
Blank 19.23
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in the academic grade, this index reflects the risk the student took in
answering the questions. The formula used to calculate this variable
was:

RI = (nca + nica) x 10/tnq

The scale also ranged from 0 to 10 points.

2.2.2.3. Quartiles. Students from all years were ranked from highest to
lowest according to their overall academic grades and divided into four
groups: The first quartile included the 25 % of students with the highest
grades, the second and third quartiles included the 50 % of students with
intermediate grades, and the fourth quartile included the 25 % of stu-
dents with the lowest ones.

2.2.3. Calculation of the impact of e-learning questions on the total
academic grade

There were five questions on topics studied online in 2014-2015 and
2017-2018, and six in 2015-2016 and 2016-2017, representing
12.50% and 15.00 % of the 40 questions on the exam, respectively
(Table 2). In order to highlight the importance of e-learning on the
overall academic grade, the percentage of students who needed the
points obtained on the e-learning content questions to achieve a passing
grade was calculated. For this purpose, the overall academic grade was
recalculated by eliminating the points obtained in the e-learning
questions.

2.2.4. Statistical analysis

SPSS Statistical package (IBM SPSS Statistics for Windows, version
28.0.1.1. Armonk, NY: IBM Corp) was used to analyze the data. For
continuous variables, descriptive statistics were presented as mean, with
95 % confidence interval (CI), maximum and minimum values, and
standard deviation.

Student’s t-test was used to compare the scores obtained in the face-
to-face and e-learning questions in the total sample. Analysis of variance
(ANOVA test) was used to analyze the academic grade, response index,
and the percentage of correct, incorrect, and blank answers from the
face-to-face and e-learning questions, both overall and among the
quartiles. This test was used to calculate the 95 % CI of the mean of each
grade among the four quartiles. The difference in academic grades on
online and face-to-face learning questions was calculated for each stu-
dent. An analysis of variance with Bonferroni post hoc correction was
performed to compare these differences among the four quartiles and
the four courses. The Pearson correlation coefficient (r) was used to
analyze the association between academic grades and response indexes
for the total sample and the quartile subgroups. Statistical significance
was set at p<0.05.

2.3. Teaching and learning context

2.3.1. Previous training in human anatomy

At UAB, the medical degree is a six-year, 360-credit curriculum ac-
cording to the European Credit Transfer System (ECTS). The compulsory
subjects of human anatomy are taken in the four semesters of the first
two years. In the four academic years analyzed, the first semester of the
first year was dedicated to the modules General Anatomy and Embry-
ology and Musculoskeletal System (6 ECTS credits); in the second se-
mester, Cardiovascular System, Head and Neck (4 ECTS credits). In the
first semester of the second year, the modules Respiratory System and
Urogenital System (3 ECTS credits) were taught first, followed by the
module Digestive System (3 ECTS credits); the second semester was
reserved for Neuroanatomy (4 ECTS credits). Therefore, the students
who examined the Digestive System module (the object of this study)
had previously studied all human anatomy topics, except Neuro-
anatomy. The modules of each semester were integrated into indepen-
dently graded subjects.
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2.3.2. Digestive system module

2.3.2.1. Objectives and distribution of teaching. Due to a change in the
curriculum, the number of lessons in Anatomy was reduced. The
Digestive System module, with 19 topics, was the only one that moved
part to the e-learning modality: six topics (31.58 %). The remaining 13
topics (68.42 %) were taught in 21 one-hour classroom sessions. The
theoretical content was designed to provide knowledge about the
development and anatomy of the digestive system and pharyngeal
organs.

The e-learning materials created by the module professors were
available to the students on the UAB Virtual Campus, a digital platform
that provides a virtual learning environment to support face-to-face
studies and host online courses. These resources were five documents
and one multimedia. Three documents (text and images) dealt with the
anatomy and basic development of the teeth, pharynx, and pharyngeal
or branchiogenic organs; one with the topographic anatomy of the
peritoneal cavity, and one with the portal venous system of the liver. The
interactive multimedia contained illustrated clinical cases in which the
student, using an algorithm, answered questions that promoted patho-
physiological reflection based on anatomical data. It was estimated that
students would need ten hours to complete a productive initial review of
the online resources: eight hours for the documents (the same time used
in the previous curriculum to teach these topics face-to-face) and two
hours for the interactive clinical anatomy multimedia (estimated
average time after two students correctly completed all steps).

The anatomical part of all topics included the corresponding prac-
tical sessions in the dissection room: five hours divided into three ses-
sions. The objective was to apply the theoretical knowledge to identify
and localize anatomical details of the digestive organs and other related
structures in the materials used: cadaveric prosections, plastinated or-
gans and sections, CT and MRI scans, and X-rays with and without
contrast. For this reason, the course was programmed in such a way as to
encourage the students to attend the practical sessions with the topics
studied: the online material was published from the beginning and the
sessions were convened at least one week after the last lecture.

2.3.2.2. Evaluation. The evaluation of the Human Anatomy-Digestive
System module consisted of two parts: A multiple-choice exam (70 %
of the final grade), on paper format, with questions designed to assess
knowledge of the systematic, topographic, and clinical anatomy of the
digestive system and pharyngeal organs, as well as their prenatal and
postnatal development (see Section 2.2.1); a practical exam (30 % of the
final grade) in which students were required to identify, in writing, and
locate, in oral presentations, anatomical details on the same material
used in the practical sessions.

3. Results
3.1. Academic results of the analyzed examination

The number of questions on the topics of each type of learning, and
the percentages of correct, incorrect, and blank answers are shown in
Table 2.

Comparing the results between courses, it can be highlighted that
regarding the questions on topics learned through e-learning, the first
course in which e-learning was introduced (2014-2015) had the highest
percentage of unanswered questions (29.68 %) and also the smallest
difference between the percentages of correct and incorrect answers
(34.94 percentage points), p<0.001. For questions on topics learned
face-to-face, the biggest difference between correct and incorrect an-
swers was obtained in the course 2016-2017 (52.76 percentage points),
p<0.001, and the highest percentage of unanswered questions was in
the 2017-2018 course (19.23 %), p=0.001. In the 2015-2016 academic
year, there was the largest difference between correct and incorrect

Annals of Anatomy 257 (2025) 152339

answers in online content (54.52 percentage points) and the smallest
difference in face-to-face content (37.44 percentage points), p<0.001.

Of the 1160 students who took the b-learning course exams, 852
(73.45 %) passed them: all those in the first and second quartiles and
94.63 % in the third quartile. The mean overall academic grade was 6.01
(Table 3).

3.2. Descriptive statistics of the academic grades and response indexes

Table 3 shows the descriptive statistics of the academic grades and
response indexes, for the entire exam and the groups of questions cor-
responding to each learning method. The mean of the overall academic
grades and the overall response indices across the four courses were:
6.10 and 8.30 (2014-2015); 5.63 and 8.35 (2015-2016); 6.31 and 8.23
(2016-2017); and 5.79 and 8.16 (2017-2018).

3.3. Impact of e-learning questions on the overall academic grade

23.36 % (n=199) of the 852 students who passed the exam needed
the points from the minority e-learning content questions to achieve a
passing score: 0.59% (n=5) of quartile 2 and 22.77 % (n=194) of
quartile 3.

3.4. Face-to-face versus e-learning: comparison of academic grades

For the sample as a whole, the mean academic grade of the questions
on topics learned face-to-face was higher than for e-learning content
(Table 3), with a statistically significant difference, p=0.018. When the
sample was divided into quartiles, the largest difference in overall aca-
demic grade, although only 0.54 points, was in the first quartile (the
highest grades): the mean academic grades for face-to-face and e-
learning content questions were 8.25 (95 % CI, lower limit = 8.17 —
upper limit =8.33) and 7.71 (95 % CI, 7.48-7.94), respectively, and this
difference was statistically significant, p<0.001. In the second quartile,
the mean academic grade for face-to-face learning content questions,
6.77 (95% CI, 6.71-6.82), was significantly higher than that for e-
learning, 6.28 (95 % CI, 6.03-6.54), p<0.001. In the third quartile, there
were no statistically significant differences between the two teaching
modes: the mean academic grade of the questions on topics learned face-
to-face was 5.51 (95 % CI, 5.45-5.57), and 5.53 for e-learning (95 94 €L
5.25-5.80), p=0.452. In the fourth quartile (lowest grades), the mean
academic grade for the face-to-face content questions was 3.68 (95 % CI,
3.57-3.78), significantly lower than that for e-learning, 3.97 (95 % CI,
3.70-4.24), p=0.022.

3.5. Face-to-face versus e-learning: comparison of response indexes
For the sample as a whole, the mean response index to questions

Table 3
Descriptive statistics of the academic grades and response indexes of the stu-
dents assessed.

Grades Mean (95 % SD Minimum Maximum
CI) value value

Overall academic 6.01 1.74 119 10.0
grade (5.91-6.11)

E-learning academic 5.86 2.61  0.00 10.0
grade (5.71-6.01)

Face-to-face learning 6.04 1.81 0.96 10.0
academic grade (5.93-6.14)

Overall response 8.26 1.14 5.00 10.0
index (8.20-8.33)

E-learning response 8.00 2.03 0.00 10.0
index (7.89-8.12)

Face-to-face learning 8.30 1.16 429 10.0
response index (8.23-8.37)

Legend: CI, confidence interval; SD, standard deviation.



J. Nebot-Cegarra et al.

about face-to-face learning content was higher than for e-learning.
(Table 3), with a statistically significant difference, p<0.001. For the
first quartile, the differences between the mean response indexes for
face-to-face and e-learning content questions were 9.36 (95% CI,
9.30-9.42) and 8.91 (95 % CI, 8.74-9.08), respectively, p<0.001. In the
second quartile: 8.49 (95% CI, 8.40-8.58) and 8.03 (95% CI,
7.81-8.25), p<0.001. In the third quartile: 7.92 (95 % CI, 7.81-8.04)
and 7.90 (95% CI, 7.67-8.13), p=0.405. In the fourth quartile: 7.45
(95% CI, 7.31-7.59) and 7.20 (95 % CI, 6.94-7.46), p=0.024. These
data show that, in the four quartiles, the mean response index was
higher for the questions on topics learned face-to-face than for e-
learning ones, and the difference was statistically significant, except for
the third quartile. However, in no case did the difference reach half a
point.

3.6. Analysis of correlations between academic grades and response
indexes

For the sample as a whole, there was a statistically significant posi-
tive correlation between overall academic grades and overall response
indexes, r=0.60. When analyzed by subgroups according to academic
performance, this correlation was negative for the fourth quartile, r=-
0.04, and strong only for the first quartile, r=0.55. The correlation co-
efficients for the second and third quartiles were 0.19 and 0.17,
respectively.

When analyzing questions on topics learned through e-learning, a
strong positive correlation was observed between academic grade and
response index. This correlation became progressively stronger from the
fourth, r=0.43, to the first quartile, r=0.63, and it was significant in all
the quartiles and the sample as a whole. In the second and third quar-
tiles, and the whole sample the correlation coefficients were 0.59, 0.55,
and 0.59, respectively.

The same analysis using questions from the topics given with face-to-
face learning yielded comparable results, with a strong positive corre-
lation between academic grade and response index in the sample as a
whole, r=0.61, and in the first quartile, r=0.53, but not in the fourth
quartile, r=0.03. Correlation coefficients were 0.24 and 0.19 in the
second and third quartiles, respectively.

4. Discussion
4.1. Methodological considerations

Although e-learning has sometimes been a means of access to
teaching, it could become a pillar of teaching activity (Ellaway and
Masters, 2008) based on general pedagogical principles (Singh et al.,
2013), with the focus on the student, and the teacher as facilitator in the
autonomous learning process (Koops et al., 2011).

It has been proposed that from now on, research should be based on
experimental designs (Bell and Federman, 2013) that focus on under-
standing the psychological, pedagogical, and technological factors that
facilitate online learning (Greenhow et al., 2022). However, there are
still discrepancies in its effectiveness compared to other learning mo-
dalities (Kumta et al., 2003; Cook et al., 2008; Means et al., 2013; George
et al., 2014; Kemp and Grieve, 2014; Lehmann et al., 2015; Khasawneh
et al., 2016; Liu et al., 2016; da Costa Vieira et al., 2017; Voutilainen
et al., 2017; McDonald et al., 2018; Sheikhaboumasoudi et al., 2018;
Vaona et al., 2018; Stevens et al., 2019; Barteit et al., 2020; Vallée et al.,
2020; @degaard et al., 2021; Shikino et al., 2021; Sonne et al., 2021;
Saiz-Manzanares et al., 2022; Abualadas and Xu, 2023; Lien et al., 2023;
Turci¢ et al. 2023).

Different findings in this regard have been attributed to the impre-
cision and heterogeneity of the methods used to assess the impact of
online resources on learning (Van Nuland and Rogers, 2016; Clunie
et al., 2018; Law et al., 2018; Nicoll et al., 2018), with an overemphasis
on the assessment of individual student perceptions (Barteit et al.,

Annals of Anatomy 257 (2025) 152339

2020), as well as the lack of prospective studies with large samples that
would allow us to more reliably determine the pedagogical value of
e-learning (Degerfalt et al., 2017).

To avoid some of these shortcomings, the present study was based on
the academic results of a large sample of students (n=1160) in the
Human Anatomy-Digestive System module of the Bachelor of Medicine
degree. They belonged to four consecutive years whose university
entrance cut-off scores did not differ by more than 0.3 points, on a scale
of 0-14 (Table 1). All followed the same learning method (b-learning),
shared the same lecturers, e-learning materials, and evaluation criteria,
and demonstrated similar average academic performance across the four
courses (see Section 3.2). The introduction of e-learning in this module
was primarily motivated by the need to reduce the number of hours
allocated to human anatomy in the curriculum. This was the explanation
for the implementation of e-learning in anatomy in 22.58 % of the thirty-
six medical schools analyzed by Abualadas and Xu (2023). The
increasing development of different medical sciences and specialties and
non-technical skills has meant that disciplines such as human anatomy
have had to reduce their teaching time to incorporate new knowledge
(Smith et al., 2022). In most curricula, this reduction in hours has
negatively impacted the opportunity for students to see and touch real
anatomical structures, an integral part of successful anatomy learning
(Cheung et al., 2021).

In our module, moving some of the program’s theoretical content to
e-learning mitigated the impact of cutbacks in other parts where lecturer
presence was considered essential (e.g., most difficult conceptual con-
tent or dissection room practices).

The present study shares goals and academic focus of the recent
bibliographic review by these authors (Abualadas and Xu, 2023) on the
effectiveness of face-to-face and e-learning in anatomy courses. The data
they provided confirmed that none of the nineteen recent papers
reviewed (only three were published before 2020) had a sample as large
and homogeneous as the one in the current research. In two studies, the
total number of students was slightly larger, but neither allowed a
reliable comparison of the effectiveness of the two methods. In one of
them, the two learning methods were not evaluated separately, because
the authors wanted to determine whether the previous use of audiovi-
sual resources had improved learning in the face-to-face dissection
classes (Choi-Lundberg et al., 2016). In the other study, the students
were divided according to the methodology used, so that the comparison
was based on grades for heterogeneous groups (Biasutto et al., 2006).
This grouping criterion, designed to compare the effectiveness of the
learning methods used, was generally used in the rest of the studies
examined in the literature review (Abualadas and Xu, 2023); in this way,
the effect of the difficulty of the topics was equalized in both groups. In
the present study, on the other hand, the influence of academic
achievement was fixed. All students were trained using both methods
(face-to-face and self-directed e-learning), and the effect of each on ac-
ademic outcomes was determined based on the grades each student
received for answering questions related to topics presented in either
format.

4.2. Face-to-face versus e-learning: gaining academic advantage

For the sample as a whole, face-to-face learning was shown to pro-
duce better academic grades than e-learning (Table 3). When students
were grouped into quartiles based on overall academic performance,
there were also statistically significant differences in favor of face-to-
face grades for the higher-performing half of the sample (first and sec-
ond quartiles) and e-learning for the lower-performing students (fourth
quartile). Although these results were consistent with those of Kha-
sawneh et al. (2016), Rouleau et al. (2019), and Turci¢ et al. (2023) that
e-learning in higher education was not more effective than the
face-to-face modality, they also showed that the magnitude of the dif-
ference in mean academic grades was small: a maximum of 0.54 points
for the best students (first quartile). This similarity in effectiveness is in
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line with other authors who have found that neither modality is better
than the other (George et al., 2014; Wu, 2015; da Costa Vieira et al.,
2017; Vaona et al., 2018; Lien et al., 2023) and those who reported
b-learning as the best means to achieve better academic performance
(Means et al., 2013; Lehmann et al., 2015; Liu et al., 2016; McDonald
et al., 2018; Sheikhaboumasoudi et al., 2018; Vallée et al., 2020;
(degaard et al., 2021; Sonne et al., 2021; Saiz-Manzanares et al., 2022).

In the specific field of anatomy, the same considerations could be
made, since in the recent review article by Abualadas and Xu (2023),
there was an equal number of papers that emphasized one learning
modality over the other (nine each); only one found no difference be-
tween the results of online and face-to-face learning.

In line with these results, the use of both modalities was recom-
mended (Bockers et al., 2021), with a thematic distribution adapted to
the needs of each university, and an appropriate project to develop a
b-learning model (Lam, 2014), which must be open to corrections as the
educational program is implemented in a pilot mode (Greenhow, 2022).

4.3. Face-to-face versus e-learning: relationship between the academic
grades and response indexes

It has been suggested that students would study more superficially in
broad content subjects assessed with multiple-choice tests (Leung et al.,
2008), with a consequent impact on learning and understanding of the
exam questions (Jakwerth et al., 2003). Knowledge level, risk aversion,
and chance have been implicated in decision-making when answering
multiple-choice test questions with an error penalty (Espinosa and
Gardeazabal, 2010; Vanderoost et al., 2018).

The present study analyzes the relationship between the academic
grades obtained in the questions about the topics studied with each
learning modality and the number of attempts to answer the corre-
sponding questions, assessed by the response index. This variable was
calculated from the number of questions answered correctly or incor-
rectly, not from the students’ opinions expressed on the Linkert scale of a
questionnaire (Schulte et al., 2022). Thus, it was found that students
took more risks on questions related to topics studied in the face-to-face
mode (Table 3). Furthermore, a strong positive correlation between the
number of answers and academic achievement was observed in the
whole sample and the first quartile (brightest students), both for the
overall exam and for questions on topics studied in each modality. For
the remaining quartiles, a strong correlation was observed only for the
e-learning questions. Since the correlation provides information about
the concordance between academic outcomes and the number of an-
swers used, the lower the correlation, the higher the degree of specu-
lation in the choice of answers, an attitude far from the usual one of
well-prepared students. However, in a multiple-choice exam with a
penalty, the level of knowledge is not the only factor in answering or not
a question: strategy also plays a role. For example, students with a good
academic background but who are cautious may leave blank questions
(Espinosa and Gardeazabal, 2010) that would have been answered with
a sufficient level of correctness in an oral or written exam.

4.4. Limitations of the study

To find the educational value of e-learning more reliably, prospective
studies with larger samples would be required (Degerfalt et al., 2017).
Despite the large sample size of students (n=1160), the retrospective
nature of the data remains a limitation, as it precluded adjusting the
proportion of the number of questions according to research objectives
or conducting student satisfaction surveys.

Given that the implementation of e-learning in the module repre-
sented a novel experience for both students and lecturers in the years
studied, caution was taken in limiting the number of examination
questions on the affected topics to five (12.50 %) in the academic years
2014-2015 and 2017-2018, and six (15.00%) in 2015-2016 and
2016-2017 (Table 2). As the total time dedicated to the face-to-face
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sessions and the first beneficial encounter with the online material
were 21 (67.74 %) and 10 (32.26 %) hours, respectively, the number of
questions should have been 27 and 13 for the topics of each learning
modality, respectively. The students of the inaugural cohort (academic
year 2014-2015), the earliest with a b-learning approach, may have
been less prepared for the topics learned by e-learning, as there was the
largest proportion of unanswered questions and the smallest percentage
difference between correct and incorrect answers (see Section 3.1 and
Table 2). It is possible that the students in later years devoted more
attention to their study in response to the finding that all these topics,
although a minority, would also be evaluated. In fact, in the following
academic year (2015-2016), the best results were achieved in the online
content part of the exam (Table 2). Despite these potential explanations,
the mean academic grade for the e-learning content questions (5.86) was
only 0.18 points lower than that for the face-to-face learning (6.04)
(Table 3). Additionally, nearly a quarter (23.36 %) of the students who
passed would not have succeeded in the test without the points obtained
on the questions of e-learning. These data indicated a high level of
motivation among the students for the module content. Undoubtedly,
the high academic level required for admission to a bachelor’s degree in
medicine (Table 1) also had a positive effect on the examination out-
comes. This factor should be considered in future comparisons.

There is no consensus on the impact of online teaching methods,
largely due to the variety of methods used to evaluate them (Clunie
etal., 2018; Nicoll et al., 2018). One of the strengths of the present study
is its homogeneity, as previously discussed: so that the only thing that
changed from one year to the next was the students. However, there
were some unavoidable limitations. First, although we were able to
control for the effect of academic level on the scores (all participants
studied each topic using the same method), we were unable to contrast
the differential effect of both types of learning on each topic. Second, in
the case of in-person instruction, the teaching and educational atmo-
sphere in face-to-face classes were unique. These environments are dy-
namic, with numerous variables that come into play (Choi-Lundberg
et al., 2016). Third, there was the question of comparability with other
studies, given the diversity of online media used and the peculiarities of
exam scoring at each medical school (Abualadas and Xu, 2023).

5. Conclusions

This study was conducted with the largest and most homogeneous
sample to date to analyze the academic impact on the human anatomy of
the two learning modalities involved in b-learning. The results reveal
that, overall, the students learn better in the topics taught face to face.
This superiority occurs only in the half of the sample with the highest
overall academic scores (first and second quartile). Conversely, it has
been shown that the students with the lowest grades (the fourth quartile)
learn better with e-learning. However, it should be considered that the
two learning modes used in b-learning are effective since the difference
between the academic grades of each modality was <0.54 points and
73.45 % of the examinees passed. It also shows that in the test exam
students answer more questions on topics from the face-to-face modality
than from the e-learning one. In the face-to-face learning modality,
response attempts are strongly correlated with academic outcomes only
in the first quartile. In e-learning, this degree of correlation is present in
all four quartiles.
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