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Abstract: Therapeutics is a very complex subject for every pharmacy student, since it requires the application of knowledge
from several other disciplines. The study of therapeutics is often done in case-based learning in order to promote reflective
thinking and give a scenario as real as possible. The objective of this study was to compare student performance between face-
to-face (n=54) and blended learning (n=56) approaches to the teaching of therapeutics. They can confirm that there are
statistically significant differences (p <0.05) between the final exam scores from both groups, being that the b-learning group
achieved higher scores. Blended learning seems to be an effective way to teach therapeutics, following pre-established teaching
methods, and above all, does not negatively affect student performance. It also provides new learning environments and
strategies, and promotes the development of new skills such as learning and collaborating online, which may be relevant in a

networked knowledge society.

1 Introduction

As a future health professional, the student is required to develop a
vast and intricate variety of skills, to take into account large
amounts of factual information, and to practice technical and
technological procedures [1]. In an effort to prepare future health
professionals to meet the challenging demands of the profession,
teachers are encouraged to promote student's higher-order thinking
and collaborative learning and to increase students’ motivation [2].
One way of achieving these objectives is to complement traditional
learning methods with real-life situations using, e.g. case-based
learning (CBL) or problem-based learning (PBL). Dewey [3]
suggests that students should be presented with real-life problems
and then helped to discover the information required to solve them.
The author advocated reflection as a process for problem solving.
Dewey saw reflection as a specialised form of thinking. He
described it as: ‘a kind of thinking that consists in turning a subject
over in the mind and giving it serious thought’. Some higher
education institutions (HEIs), like McMaster University, Canada,
recognised the importance of Dewey's ideas, and designed a PBL
curriculum for medical students [4]. The objective was to promote
learner-centred, small group, interactive learning experiences.
Professors ought to facilitate or tutor, rather than just lecture. A
curriculum that presents problem solving activities tends to trigger
interdisciplinary learning opportunities as opposed to curriculum
contained in discipline-based texts and presentations [5].
Therefore, students are able to pursue the learning issues by their
own, in contrast to students in a more traditional curriculum, who
might focus on identifying what material the professor will include
on the exam [5]. After McMaster University's experience was
massively divulged, several medical and allied health science
programs also made changes to their curriculum in order to
incorporate one of more aspects of PBL, CBL or similar
approaches.

We have debated, in a previous work [6], the different contexts
in which PBL and CBL are implemented, and on this paper, we
will focus our attention to CBL, more specifically a case-based
approach to therapeutics.

1.1 Case-based learning

CBL aims to promote authentic learning because the cases place
events in a real-life context [7]. The major difference between CBL

and PBL is that the latter requires no prior experience or
understanding of the subject matter, whereas CBL requires the
students to have some prior knowledge. The cases per se are
generally written as problems with a background of a patient/
clinical situation as well as support information, such as vital signs,
symptoms and laboratory results.

CBL promotes the consolidation and integration of learning
activities [7, 8] and allows students to develop a collaborative
approach to their education [9]. CBL is also known for
encouraging self-assessment and critical thinking, development of
intrinsic and extrinsic motivation, promote the integration of
knowledge and practice, allowing scientific inquiry and the
development of support provision for their conclusions [7, 10].
CBL requires students to recall previously covered material to
solve clinical cases [11]. As such, CBL is more supportive of the
learner than PBL, since students in PBL are expected to locate their
own resources.

CBL and scientific reasoning are closely related to critical
thinking; they all use reasoning to solve a problem valuing the
clarity, relevance and accuracy, while testing theories and searching
for solutions [12]. CBL aims to develop critical appraisal skills
under the concept of ‘learning by doing’ and serves as a primer, for
professional clinical skills [13].

The use of CBL approach is, however; time consuming.
Another drawback of its use may be the size of the class: CBL
usually demands small groups from 10 to 14 students allowing the
teacher to monitor the activity and the quality of the students’
work, perform a closer assessment of the process, give feedback
and ask the necessary questions [14]. Adaptation from teachers and
institutions is required, to successfully integrate CBL in the
curriculum.

1.2 Case studies in therapeutics

Therapeutics can be one of the most defiant disciplines for the
pharmacy students. A typical example can be set with antitussive
drugs. While in pharmacology the student must study, and
understand, absorption, metabolism and excretion of drugs,
mechanism of action, side effects and interactions; in therapeutics,
the student is confronted with a patient with diabetes, who's taking
antidepressants and has a dry cough. In addition to the description
of a specific problem, a case study should include additional
information necessary to place the scenario in context and should
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foster an analysis of possible solutions or actions arising from the
situation. The purpose of using a case study is to present the
student with a real-life scenario, so that he may be able to devise
reasonable and workable solutions. A good case study must not
provide answers. Rather, it should raise questions and allow the
students to work through the decision-making process. As such, a
teaching environment generated in CBL is one where the student
must actively participate to meet the learning objectives.

1.3 Assessment

Traditional ways of assessment are not entirely compatible with the
nature of CBL. This approach assumes that the student has a
leading role in the classroom, and the teacher should focus not only
on the final product but also the process. In this type of learning
approach we should value the work of the group, communication
skills/reasoning course and the ability to solve the case itself.
Nevertheless, it is also a valid concern of instructors to ensure the
commitment of the student to follow the theoretical background.
As such, individual and group assessments should be performed.
Assessment in CBL can seem challenging. It is probably more
subjective than some other methods and some teachers may be
uncomfortable with that. However, with careful lesson planning
and preparation, assessment in CBL can be done with efficiency
and fairly. Students, also can be uncomfortable with assessment,
especially those who are accustomed to multiple choice or other
kind of assessment that always have clear right and wrong answers.
Wassermann [15] asserts that the learning goals and objectives
established at the beginning are key. Once those are clear, the next
step is to establish standards and let students know exactly what is
expected of them. When this approach is face-to-face, we use a
variety of assessment techniques, both summative and formative,
the latter for providing corrective feedback [16]. For individual
assessment, small tests are given at the beginning of the class,
relating the contents, the student should explore before coming to
the class. For group assessment, a benchmark was developed,
contemplating the following items:

(a) ability to work in groups;

(b) objectivity and consistency;

(c) using correct scientific language;

(d) reference to ‘mandatory’ topics, depending on the case;
(e) communicating ideas and opinions;

(f) making and defending ideas.

In the face-to-face classes, the group assessment consisted in direct
observation and a debate between all groups and the teacher.

The transition from classroom learning to virtual learning,
brings with it new challenges for the assessment process. First,
develop and implement assessment strategies that are able to
measure product and process, but also lessen or otherwise prevent
copying or plagiarism situations while still ensuring the student's
identity [17]. Distance education has always been faced with
student assessment issues, particularly with regard to summative
assessment with classification function [17]. In this specific project
(b-learning), we defined the need to assess students for their
individual skills and for their contributions to the group [18]. For
individual assessment, quizzes, glossary and participation in online
discussion forums were implemented. For group assessment, we
favoured the construction of group e-portfolios. In order to increase
the effectiveness of student's performance, we considered the
following points [19]:

(a) select clearly aligned assessment tasks with defined learning
objectives;

(b) provide students, in advance or at the time of evaluation, the
scores assigned to each item;

(c) communicate to students prior to assessment, standards and
rules associated with the implementation thereof;

(d) encourage students to complete formative assessments;

(e) Interpret the performances of students, comparing them with
those previously developed, which are provided to students upon
completion of the evaluation activity.

1.4 Blended learning

A unified concept of blended learning is not always easy, not only
because there are multiple perspectives among authors, but also
because the linguistic idiosyncrasies of each language. The first
references to the term came from the industry (with an emphasis on
lifelong learning), but recently, the focus of blended learning has
been accentuated at higher education level [20]. In a time where
the existing literature on blended learning rested mainly on issues
of ‘how to’, oriented to industry and services, several authors [21,
22] presented us definitions of blended learning settings, as classic
training programs (instructor-led) supplemented with electronic
components (CD-ROM, multimedia technologies, voicemail,
email, animations and streaming). At this time, the main audience
consisted of managers and entrepreneurs in the industrial and
commercial sector, whose objective would be to create more
effective, fast and cheaper training programs, for lifelong training
of employees. Therefore, more emphasis was given to practical
questions of ‘How can this help your business? How to organise,
implement and evaluate a training program of this kind?’. The
blended learning was praised as an effective and less expensive
response to the problems of continuing education in the private
sector.

In a more academic perspective, Whitelock and Jelfs [23]
suggest three different types of b-learning:

(a) ‘the combination of traditional learning with web-based online
approaches;

(b) the combination of media and tools employed in an e-learning
environment;

(c) the combination of a number of pedagogic approaches,
irrespective of learning technology use.’

In this sequence, Driscoll [24] makes a proposal, with the
identification of four concepts:

(a) ‘combining or mixing web-based technology to accomplish an
educational goal;

(b) combining pedagogical approaches to produce an optimal
learning outcome with or without instructional technology;

(c) combining any form of instructional technology with face-to-
face instructor led training;

(d) combining instructional technology with actual educational
tasks.’

In a different perspective, Lencastre [25] deals with b-learning,
focusing on the concepts of synchronous and asynchronous.
According to the author, synchronous moments occur
simultaneously for all stakeholders, i.e. all students have virtual
access to the same information (whether textual, visual or auditory)
at the same time interval, as if they were in a classroom. By
contrast, in asynchronous moments (forum, email etc.), learning
happens at different times for each participant, according to the
time and availability of each student. Blended learning will
therefore consist in a mixed use of both approaches (synchronous
and asynchronous) [25]. Nevertheless, the author safeguards, that
synchronous and asynchronous communication should not be
distinguished by embedded technologies, but by the goals.

Despite the numerous definitions, usually blended learning is
associated with the integrated, effective and systematic
combination of virtual activities (usually supported by a learning
management system — LMS), combined with face-to-face
interaction, in order to take advantage of the benefits provided by
synchronous and asynchronous learning situations and contexts
[26-32]. In this definition, we do not report the ‘actual time’ of
virtual activities, but the effective use of pedagogical potential
inherent in each of them, emphasising the need for correct
instructional design [20, 31, 33] and safeguarding the potential to
support a collaborative learning [34-36].
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Fig. 1 Example of topics, learning objectives and assessments strategies for the blended learning approach

2 Methods

To design the therapeutics training program, we considered
educational goals, pedagogical models, student's characteristics,
strategies and instructional technologies that best fit the
expectations of the teacher, the student and the educational context,
enabling greater efficiency of the process as a whole. As for
instructional model, we used the MIPO model — integration model
by objectives [37]. The term ‘integration by objectives’ reinforces
the importance of the integration of web technologies in the
educational context, supported by the objectives of learning set for
the unit and for the course. This approach has the intention to
reinforce the importance of learning objectives in the design and
implementation of online activities. Blended learning contents
were made exclusively with free access authoring tools like Xerte®
(The Xerte Project—Nottingham University), TimeGlider®
(Mnemograph LLC), VUVOX® (VUVOX Network, inc.),
Toondoo® (Jambav, Inc.) and Prezi© (Prezi Inc.). The selection of
these tools was based on their usability, the diversity of media and
activities allowed to incorporate and the aesthetic aspect of the
final result. The articulation of digital content with the learning
objectives, teaching strategies and subsequent assessment
techniques, deserved a profound attention, so that as a whole it
could provide relevant and meaningful learning experience

(Fig. 1).

2.1 Case studies

The cases were based, or adapted from real situations. They were
normally ill-defined so that the students could discover what course
of action to pursue [6]. Sometimes the cases needed to be
simplified to allow students to focus on one main therapeutic area.
However, as we grew in complexity (settings in which patients
often are receiving multiple medications — especially elderly
patients) it is important to gradually expose students to cases with
multiple issues and drug-related problems. This helps to set
priorities while settling multiple drug-related problems [38]. By
assuring the opportunity to gradually work through more difficult
topics, students were also able to gain the required knowledge and
develop their skills in assessment and management of drug therapy
[38].

2.2 Class dynamics

Journal articles or reports, as well as a class guide, were presented
to the students through the LMS, a week before the class. By doing

this we were trying to ensure that the students focused on specific
issues, in order to better understand the clinical case that will only
be presented in class. The students were divided into case-study
groups of about four students. Development of group dynamics
was an important element of the course, and best achieved if
students had to work with colleagues who they did not necessarily
know well. The case study per se has the description of the
situation and a set of questions/guidelines that the students had to
address during the class. Students should then collaborate with
their group members, in order to present solutions to the problem.
It is their responsibility to:

(a) recognise symptoms and correlate them with the illness;

(b) locate critical information to clarify and solve the problem;

(c) explain pharmaceutical care problems in the case;

(d) identify drug-interactions;

(e) identify and select reasonable therapeutic alternatives and
goals;

(f) educating the patient.

In face-to-face classes, a debate was promoted at the end of the
session, and the students were assessed accordingly.

In the blended learning sessions, the contributions of each
group should be made on an e-portfolio, where the students could
collaborate and also enrich their contributions with links, videos,
text, images or sounds.

2.3 Assessment strategies for digital CBL

To ensure or encourage student commitment, we settled a number
of individual assessment situations, based on quizzes, multiple
choice, blank spaces and/or true and false questions. The
development of these activities was relatively easy, since the
majority of learning management systems have specific features
for assessment, just like Moodle (Moodle Pty Ltd), which we
adopted as support to the activities of this course. Moreover, there
are applications that could provide interesting assessment scenarios
(like HotPotatoes from Half Baked Software Inc) that have
compatibility with most LMSs. However, depend solely on this
type of assessment is inconsistent with the principles of CBL,
because it does not provide guarantees for learning complex
cognitive goals, as demanded in HEI [39—41]. Nevertheless, this
assessment option, simple and quick, can be an ideal support for
the training and self-assessments ratings, contributing to the self-
regulation of the students, without representing a big increase of
time and effort from the teacher.



Learning therapeutics involves the mastery of several specific
terms and concepts of the medical and pharmaceutical field. To
foster understanding of these terms, we proposed a collective
glossary. All students had to participate, at least once, with the
introduction of a term relating to the cases. The term in the
glossary was available for classification and review by the teacher,
should be accompanied by the original source/reference and could
be re-edited by the author. By the end of the online module, 49
entries were introduced in the glossary, and 80% of students
participated actively.

We also devised a forum. Forums are asynchronous
collaborative tools, with moderated or non-moderated discussions,
used in e-learning platforms that aim to promote sharing of
knowledge. The idea is that what a student may need to know is
probably also valuable knowledge for other students. By sharing
ideas and impressions, the knowledge is spread inside the learning
community in a collaborative way which can contribute to the
learning outcome of every participant [42]. However, participation
in forums is not always seen by students as a beneficial
mechanism. In our project, the implementation of the forum was
the most challenging one. Quantitative assessment of forum
contributions was easily obtained from the LMS records. As for the
qualitative assessment, several models are available, and we used
like the one proposed Yang ef al. [43].

Finally, we also used e-portfolios. The construction of the e-
portfolio was the sole responsibility of the students. Their work
was progressively constructed, by all the members of the group,
using Wikispaces® (Tangient LLC). The choice of the e-portfolio
platform was based on its features regarding the integration of text,
images, links, videos, audio, documents, presentations and other
features, it's privacy editing, access and registration options, that
could provide in detail, the contributions of each member of the
group. Students created a new page for each case (one a week),
where they could explore the different topics regarding the disease
and therapy for that patient or group of patients. A total of 20, very
different portfolios, were developed. Their systematic analysis
allowed the observation of commitment and motivation of the
students, and formed the basis of a qualitative assessment.

2.4 Written test and performance

Though one of the initial objectives was to move away from
reliance on multiple choice and short answer testing, this objective
has not been fully accomplished. At the end of the semester, a final
exam is still performed. The questions relate to the clinical cases
explored in the classes, and the questions are written in order to
promote reflection on the topic at hand. To determine the project's
impact on student's performance, we developed a quasi-
experimental study [44-46], during two academic years. Two
different groups of students were part of the experiment. The first
group (n=>54) was taught face-to-face. The second group (n=56)
was taught in blended learning. Topics, learning objectives and
teachers were the same. The blended learning group had two face-
to-face sessions. Final exam scores were used in order to make
more objective comparisons.

Table 1 Results relating to normal distribution and
homogeneity of variance

Final assessment (exam Sum of squares df F  Sig.
scores)

between groups 19,211 1 24,0390.000
within groups 86,308 108

total 105,519 109

Bold values represent the values of p.

Table 2 Results f-test for independent samples
Levene's test t-Test for equality of means

F Sig. t df Sig. (2-tailed)
0.045 0.832 -4.903 108 0.000

Bold values represent the values of p.

3 Results

Student's characteristics were assessed prior to the implementation
of the courses. Both groups have a median age of 19 years old, they
had never taken an online course before and none of them had prior
experience with the topics being covered. Students were allocated
in a face-to-face group (n=>54) and a blended learning group (n=
56). To verify that the quantitative variables have a normal
distribution, we applied the Kolmogorov—Smirnov test (p =0.578).
We continued statistical analysis using a Levene's test for
homogeneity of variance analysis (p=0.832). Comparing the
values of the Levene test with one-way ANOVA (Table 1), it
appears that with p<0.05 (p=0.000), there is at least one
difference between the groups. We proceed with the application of
the t-student test for independent samples.

Since p=0.000 (Table 2), we can confirm that there are
statistically significant differences between the final exam scores
from both groups, being that the b-learning group achieved higher
scores.

4 Discussion and conclusion

In this paper, we discussed the comparison between two groups of
students under the same therapeutics curriculum, with the same
teachers, same length and topics covered. One group was taught
face-to-face and another, in blended learning. As stated above, the
group and individual assessments were made in both cases, but
there were significant differences regarding the strategies uses in
face-to-face and in blended learning. The only assessment
strategies that remained the same, was the written test that provided
an objective value for comparison.

The existing literature on blended learning for the teaching of
pharmacy students is not extensive, but can already lead to a
comparative analysis with the study developed here. A similar
experiment was presented by Crouch [47] on the learning process
of cardiovascular pharmacotherapy in a blended learning approach.
As in our case, training was established over several weeks, and the
evaluation process carried out with online quizzes (8) and a written
evaluation. Forty five sessions were scheduled. Students had to
collaborate in the online sessions and to make specific
presentations in the face-to-face sessions. Analysing the marks
obtained by students in APPE examinations (Advance Pharmacy
Practice Experience), it appears that students who chose the
blended learning methodology reached higher values. Still
regarding health professional's education, but in Respiratory Care,
Strickland [48] proposed to analyse the performance of students
through their final grade in classroom training and b-learning.
Although the performance of students in b-learning was higher, it
was not statistically significant. It should be mentioned that this
study referred only to a group of 14 students, which is probably
one of its biggest limitations. Still with students of pharmacy and
using a case based learning approach, Lapidus et al. [49] sought to
test the effectiveness of blended learning approach (compared to
face-to-face) in student performance in terms of capacity for drug
literature evaluation. With an N of 909, students were divided into
three different groups, and no significant differences were found in
the final grade of the course. However, we should safeguard that in
this case there was no final examination, assessment consisted of a
set of papers/presentations, and there were several teachers
involved with the different groups of students, which in itself can
cause variability in the results. In a similar context, Suda et al. [50]
aimed to evaluate student pharmacist experience and academic
performance in the first offering of a drug information and
literature evaluation course utilising a blended learning approach.
Their strategy allowed for an increase in active learning sessions,
higher course grades, and improvement in components of the
course evaluations. Regarding the effectiveness of the use of b-
learning, for the learning process of topics related to Pharmacy
[51-56] or other health sciences [57-59], the conclusions are
consistent. In the cited cases, the evidence suggests that the
blended learning scheme is effective in teaching future health
professionals.

Besides the use of test scores, all cited literatures explore the
use of other assessment methods. In our case, the forum was the



one that provided less information. Although it was explored in
two separate sessions, the forum had a relatively low participation.
Comparing the access statistics, with effectively placed
contributions, it was confirmed that the majority of students visited
the forum and the topics, but did not actively participated in the
discussion. Cunha [60] elaborates on this type of behaviour, stating
that often students feel inhibited, whereas the text ‘posted’ will be
accessible to teachers and colleagues. In addition, it should be
considered that for many of these students this was their first
experience in distance education, where students are not yet
familiar with their relevant role in the learning process [61], nor
often use some of the necessary Web tools necessary for online
education [62].

Munoz Organero and Kloos [42] also debate this issue and
present other valid points regarding low participation in the
forums. According to the authors ‘sharing knowledge can be seen
as a waste of competitive advantage, especially if students consider
e-learning courses as a competition to try to be the best of the class.
The lack of time is another negative contributor for the students’
participation in forums. This is even more relevant for students that
have better intellectual skills, since they receive little from their
participation in forums as compared to other ways of learning.’

This, points out to a very important fact in the use of forums:
students must be motivated for using them. Strategies like peer
review, commend relevant contributions and guarantee an active
presence of the teacher can be used. The use of a provocative
argument to start the discussion or even launch challenges are other
strategies that have been previously described [63].

Despite the compelling data obtained from the literature, the
main objective of this paper was not to prove the superiority of
blended learning in the teaching of therapeutics. Much more
important it is to demonstrate that these initiatives can be achieved
effectively, following pre-established teaching methods and above
all and as demonstrated, do not negatively affect student
performance. Moreover, we should not focus only on results and
tests scores, but also provide new learning environments and
strategies, and promote the development of new skills to learn and
collaborate online, which may be relevant in a networked
knowledge society and in a context of lifelong learning. These
aspects are important for their formative nature, and, in our
understanding, already justify this study.
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