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| Abstract |

Introduction: The combination of online learning environments and
classroom education is known as blended learning.

Objective: To design, implement and evaluate the blended learning
method for teaching radiology to medical students.

Materials and methods: Five online modules were designed as part
of'the Introduction to diagnostic imaging course for medical students.
The blended learning method was implemented during the classes
given in the terms 2016-1I and 2017-1. Academic performance was
measured using standardized tests, while the effect of the intervention
was obtained by comparing the sample with a control group from the
2015-I1 period (traditional method).

Results: 204 students were included in the blended learning group
and 90 students in the control group (traditional method). The median
final exam score among the blended learning group was 16.5 (IQR:
15.5-17.8), and 15.0 (RIQ: 13.5-16.5) (p=0.001) in the control group.
On average, gained knowledge among the blended learning group
was 5.8 (SD:2.4) points. The association between gained knowledge
and number of visits to online modules was statistically significant
(p<0.05). The proportion of good performance was close to 100%
on the satisfaction survey.

Conclusions: The blended learning method increases the grades
obtained in the tests performed and also shows higher satisfaction
rates compared to the traditional method among medical students.

Keywords: Radiology; Online Systems; Problem-Based Learning;
Computer User Training (MeSH).
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| Resumen |

Introduccién. La inclusion de ambientes virtuales de aprendizaje
a la educacion presencial se denomina aprendizaje mixto (Blended
Learning).

Objetivos. Disefiar, implementar y evaluar una metodologia de
aprendizaje mixto para la enseflanza de radiologia a estudiantes de
medicina.

Materiales y métodos. Se disefiaron cinco mddulos virtuales como
parte del curso Introduccion a las Imdgenes Diagnosticas. La
metodologia de aprendizaje mixto se implementd durante los periodos
2016-11'y 2017-I; se obtuvieron desenlaces de desempefio académico
con pruebas estandarizadas y se evalu6 el efecto de la intervencion
mediante la comparacion con un grupo control del periodo 2015-1I1.

Resultados. 204 estudiantes fueron incluidos en el grupo de
aprendizaje mixto y 90 en el grupo control. La mediana de la nota
final en el grupo de educacion mixta fue de 16.5 (RIQ: 15.5-17.8) y
en el grupo control de 15.0 (RIQ: 13.5-16.5) (p=0.001). La ganancia
de conocimiento promedio en el grupo de aprendizaje mixto fue de
5.8 puntos (desviacion estandar: 2.4) y se asocio con el nimero de
visitas a los moédulos virtuales (p<0.05). El porcentaje de estudiantes
satisfechos fue cercano al 100%.

Conclusién. La metodologia de aprendizaje mixto aumenta el puntaje
de calificacion obtenido por los estudiantes y presenta altos indices
de satisfaccion en comparacion con la metodologia convencional.

Palabras clave: Radiologia; Sistemas en linea; Aprendizaje basado
en problemas; Capacitacion de usuario de computador (DeCS).
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Introduction

Information and communication technologies (ICTs) offer the possibility
of creating new spaces for interaction that facilitate teaching and learning
processes. (1) In the specific case of face-to-face education, and through
the application of an online learning environment (OLE), teachers have
access to great tools for knowledge management. This is achieved by
developing educational resources to evaluate and generate effective
communication with students. The joint use of traditional teaching in
classrooms with an OLE strategy is known as blended learning. (2)

The progress of medical technology in the field of radiology has
allowed it to acquire the dynamic characteristics of the technological
world. As a result, education in the area of diagnostic imaging is a
major challenge, not only because of the variety of techniques but
also because of the rapid advances of these techniques. (3)

This dynamic scenario implies significant challenges for professors,
as they need to respond to cultural, social and technological trends. (4)
Part of the challenge is the creation of online educational resources,
known as digital learning objects (DLOs), which aim to create
effective and innovative links with students. (5)

This method is used both in the national and international context with
multiple approaches and results; however, the motivation for developing
this research project was to answer the question of how to measure the
impact of the implementation of a digital learning environment.

In this sense, and as a response to the educational needs of the
Introduction to diagnostic imaging course of the medical program
offered by the Universidad Nacional de Colombia, ICTs were
implemented, giving way to the possibility of measuring the impact on
gained knowledge and the time of use of each digital tool. Consequently,
the objective of this study was to design, implement and evaluate a
blended learning method for teaching radiology to medical students.

Materials and methods

This study was approved by the Ethics Committee of the Faculty of
Medicine of the Universidad Nacional de Colombia through Minutes
No. 021-280-15 of December 10, 2015, followed the principles of the
Declaration of Helsinki (6) and took into account the regulations of
Resolution 8430 of 1993 of the Ministry of Health of Colombia. (7)
Informed consent was also obtained from the participants to conduct
the study.

The application of the blended learning method in the Introduction
to diagnostic imaging course of the medical program was carried
out in five phases, according to the ADDIE model: analysis of
the institutional context, design and development of the DLOs,
implementation, and evaluation of the pedagogical intervention.

Study design

A quasi-experimental and retrospective study was performed using a
before-and-after design. The research was done with medical students
from the Universidad Nacional de Colombia who took the course
Introduction to diagnostic imaging during the academic terms 2016-11
and 2017-1; they received a mixed learning methodology. The control
group included the students who took the subject in the term 2015-I1,
for which a traditional pedagogical method was used.

Traditional teaching method
The contents of the course were developed through lectures given

with an intensity of 1 hour per week; the evaluation was done through
partial exams and a final exam with multiple-choice questions.

Blended learning method

The students had access to an online learning environment on the
Moodle platform, which contained five learning objectives that were
developed as modules. The number of visits to each module per
student was assessed.

In addition, one-hour weekly lectures, partial exams and a final
exam with multiple-choice questions were held, following the
traditional method without changing the characteristics of the 2015-
II face-to-face course. The contents and rules of the course, as well
as the teacher in charge of designing the evaluation questions were
the same before and after the intervention.

Design and development of digital learning objects

The modules were created based on the ADDIE model (8), which
consists of an interactive design process where the results of each phase
may lead the instructional designer back to any of the previous phases.
In this way, errors are identified and corrected without hindering the
progress of the project and the results can be constantly evaluated
based on the learning objectives. Table 1 shows the definitions and
the steps followed in each phase of DLO production.

Table 1. ADDIE design for the creation of digital learning objects.

N T T

o Establishing the number of

Description of the students digital learning objects

Analysis

and their training needs e Knowing the technological
resources and limitations
Definition of the pedagogical e Preparing a storyboard of the
Design approach and the way of contents

sequencing the content o Defining the evaluations

e Using the storyboard
Production of learning e Working as a team with
contents and materials multimedia designers and web
programmers

Development

Execution and
implementation of the
training action with the
participation of the students

¢ Coordinating and integrating the
digital contents to the course
* Monitoring training activities

Implementation

¢ Quantitatively and qualitatively
analyzing the data obtained
e Conducting a satisfaction survey

Summative evaluation

Evaluation -
valati through specific tests

Source: Own elaboration based on Torres-Vargas et al. (8).

Design and development

A digital learning environment was created on the Moodle platform
with five DLOs (modules):

* Module 1: History of technology progress and clinical application
of X-rays.

* Module 2: Thoracic anatomy.

* Module 3: Normal chest X-ray.

* Module 4: Abdominal X-ray.

* Module 5: Generalities of neuroimaging.

The features of the DLOs included the institutional image of the
Universidad Nacional de Colombia, compatibility with all browsers
and operating systems, optimization of navigation on multiple devices
(computers, tablets and cell phones), fast download speed and ease
for adding new learning modules.
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Evaluation design

Two tests were carried out, one at the beginning and another at the end

one answer, which were designed based on the learning objectives

of the course. Both evaluations had 40 multiple-choice questions with  proposed for the course (Figure 1).

Which of the following radiological patterns is displayed in the image?

a. Tree-in-bud pattern
b. Ground glass opacity
c. Honeycomb pattern
d. Crazy-paving pattern

Figure 1. Example of the type of question used in the exams.

Source: Own elaboration.

Outcomes

In both groups, the primary outcome was the score obtained in the
final exam (20 points). Gained knowledge was calculated in the
blended learning group as the difference between the score obtained
by each student in an exam at the beginning of the course and an
exam taken at the end of the course.

The level of satisfaction was assessed through an anonymous
end-of-course survey that included eight questions, of which seven
were multiple-choice and one was open-ended.

Statistical analysis

Qualitative variables were described using percentages, while
quantitative variables were described using measures of central tendency,
mean for normal variables and median/interquartile range otherwise.
Normality tests for continuous variables were performed using frequency
histograms, box and whiskers plots and statistical tests (Kolmogorov-
Smirnov, Shapiro-France and Shapiro Wilk).

Academic terms before and after the intervention were contrasted
by means of multiple comparisons of the medians using the Kruskall-
Wallis test. An analysis of the association between the frequency of
use of the intervention and the outcome of knowledge gain by means
of linear regression was also carried out, including the evaluation
tests for the model (normality of residuals, linearity of the model and
homoscedasticity). In addition, the correlation between knowledge
gain and the grade of the final exam with the frequency of use of the
intervention was evaluated using the Spearman coefficient.

Results

For the study, 294 students were included, of whom 90 subjects were
in the traditional teaching method group (control) and 204 in the
blended learning method group (intervention); the academic terms
were 2015-I1 for control and 2016-1I and 2017-I for intervention.
Themedian of the final exam grade in the control group was 15/20 points
(IQR 13.5-16.5) and in the intervention group, 16.5 (IQR 15.5-17.8).
A statistically significant difference was found between the blended

learning method groups compared to the traditional teaching method
group. Table 2 presents the results for each term.

Table 2. Analysis of the final exam grade per term.

Learning Number of .
Median (IQR)
90 ) Ref.

2015-11 Traditional 15 (13.5-16.5
201611 t Blended 83 17 (15.5-18.0) <0.001
2017-11 Blended 121 16.5 (15.5-17.5) <0.001
2016-11/

201741 Blended 204 16.5 (15.5-17.8) <0.001

* Kruskal-Wallis test vs. 2015-I1.
1 Kruskal-Wallis test vs. 2016-Il -1l vs. 2017-1, p=0.117.
Source: Own elaboration.

In the intervention groups, the number of visits to each DLO per
student was recorded for each module during the implementation phase.
The median number of visits was 21 (IQR 12-23) and the median
number of visits for each module was between 3 and 4 (Figure 2).
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Figure 2. Number of visits per module in intervention groups.
Source: Own elaboration.
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Knowledge gain followed a normal distribution with an average
of 5.9 (SD=2.4). The result of the linear regression between gained
knowledge and the number of visits had statistical significance, with
an increase of 0.22 points in the final exam for each visit to the digital
modules (p<0.001).

The results of the satisfaction survey for blended learning students
are presented in Table 3. Of the total number of students, 27 (13%)
did not respond the survey; the percentage of respondents satisfied
with the achievement of the learning objectives and the usefulness
of the online modules was 99.4% for the 2016-II period and 100%
for the 2017-I period.

Table 3. Blended learning student satisfaction survey.

nghly
m

1. The design of the digital

150 (85%) (15%) 0 (0%)
learning objects was:
2. The online support
methodology used for the 158 (89%) 19 (11%) 0 (0%)
development of the course was:
3. Accessibility to the Moodle
platform and digital educational 148 (83%) 28 (16%) 1(1%)
resources was:
4.The number of online modules
developed to support face-to- 90 (51%) 79 (45%) 7 (4%)
face teaching was:
5.The way how the different
online modules were evaluated 128 (72%) 49 (28%) 0 (0%)
was:
6. Do you think that the digital
learning objects helped your 177 (100%) 0 (0%)
educational process?
7. Do you consider that the
learning objectives set for each 176 (99.4%) 1(0.6%)

online module were met?

Source: Own elaboration.

Discussion

The results of this work demonstrate that the implementation of a
blended learning method has a significant impact on student’s grades
and is perceived with high satisfaction rates.

Different studies have reported the positive impact of the blended
learning method on academic performance. (2,9) The meta-analysis of
Chumley-Jones et al. (10) found sufficient evidence on the effectiveness
of medical education combined with the use of digital tools. Furthermore,
primary studies coincide in affirming that online instruction together
with face-to-face training have a positive effect on the achievement
of clinical skills and is comparable to traditional forms of teaching,
obtaining better results in the final exam. (11-16)

In the present study, each module was evaluated as an extrinsic
motivation strategy, obtaining a considerable number of visits, higher
than those reported by Mahnken et al. (17) in a similar study and
with greater gained knowledge.

Despite the standardization of knowledge tests, there were two main
limitations in this research. First, the retrospective nature of the study
did not allow obtaining data to assess knowledge gain in the control
group, which would have been useful to control the differential bias
of heterogeneity in student knowledge at the beginning of radiology
courses. Second, the cohort bias intrinsic to the before-and-after design

referred to differential external factors in each group assessed due to
the effects of temporality. However, to control this bias, outcomes
were measured at times not so distant from the control group, as well
as in two different intervention cohorts. Cohort 2016-1 was not taken
into account as it was considered to be a transition between both
learning methods.

The levels of satisfaction with blended learning have been described
by authors such as Choules (16) and Carbonaro et al. (18), who
concluded that it has contributed to student self-development. Both
researchers attributed the success of this method to the creative use
of computer technology and the practical nature of the material, and
proposed that medical educators should consider the blended learning
approach to standardize clinical learning.

The high expectations of the students, exposed to constant innovations
in all areas of knowledge, were evident in the satisfaction survey carried
out within the framework of this study. Some interviewees stated that
the DLOs were scarce and demanded the creation of new digital
complements. In addition, a greater availability of teachers through
virtual communication tools (chat) was suggested for the resolution
of doubts.

Other reported benefits of the blended learning method are improved
academic performance and student satisfaction, as it increases students’
exposure to area content and optimizes teaching times. (19-21)

On the other hand, all educational formats have strengths and
limitations. Thus, the ideal methodology should aim to improve the
perception on educational environments and to promote problem solving,
critical thinking and decision-making skills, in a flexible manner, without
a specific place or time. (22)

When building a blended learning model, teachers should decide
which part of the curriculum will be delivered face-to-face and which
online, to avoid students who lack computer skills from feeling
disadvantaged or frustrated when using OLEs. (23) The balance
between face-to-face education and the digital component is highly
relevant and depends on factors such as student level, electronic
resources and teacher experience.

Although online learning is an established and effective approach
in many medical schools, it should not replace traditional learning;
therefore, blended learning is probably a better approach than web-
based teaching. (24)

This project has demonstrated that the integration of online
teaching into traditional classes overcomes the constraints of time
and place and improves the quality of education as it promotes the
development of skills by expanding the concepts and resources
provided by textbooks.

Conclusions

The blended learning method has a significant impact on performance
during tests compared to the traditional method. The implementation
of DLOs that complement face-to-face education makes it possible to
strengthen the teaching process with high levels of satisfaction, justifying
the time and resources required for their design and production.
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