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Abstract 
Teaching and Learning through web-based learning platforms can be a complementary method of 
conventional teaching and learning approaches with potential to produce meaningful learning 
experiences and further engage and motivate students. The study of Pharmacology in the Pharmacy 
Degree at Polytechnic Institute of Porto is normally taught face-to-face. With this paper, we aim to 
share and describe a technology enriched environment to the teaching of this subject. The main 
objective of this paper is to analyse the pharmacology curriculum and propose technology enriched 
scenarios. Additionally, we aimed to develop and assess two e-learning modules and supplementary 
materials. Related to the methods we used the Moodle as an LMS, and commercial software, we were 
able to implement several technology enriched scenarios that make part of two different modules of 
Pharmacology. The modules were offered as mandatory training for the third year students. 
Knowledge retention was assessed 10 weeks later in a written exam. Results: Students enrolled in 
both modules and engaged thoroughly in learning activities and learning contents. All students had a 
good performance in online quizzes. After 10 weeks, knowledge retention was analysed via written 
test. Students were grouped according to their final achievement in the discipline. Students with high 
and medium achievement grades showed greater knowledge retention than other groups. There was 
no difference between genders. As a conclusion we can attest that technology enriched environment 
was successfully designed and implemented for complementing the teaching of Pharmacology. 
Knowledge retention does not seem to be associated with shifting paradigm to web based learning, 
but is probably related to student characteristics or motivations for learning. We did not aim to 
demonstrate superiority of technology enriched learning in student performance. Much more 
important, is to demonstrate that these initiatives can be achieved effectively, following pre-established 
teaching methods and above all, does not negatively affect student performance. 

Keywords: Distance Education; Educational Technology; Online Courses; Web Based Instruction; 
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1 INTRODUCTION 
Efficient and effective use of technology is often a vital component for success in education[1]. 
Although the single use of technology is not enough for student´s motivation or success[2], there have 
been substantial investments in the human and technical infrastructure necessary to implement these 
technologies on college campuses[3]. In a 2011 survey in the US, nearly all were using some type of 
technology in classes (lecture capture, 69.6%; presentation software, 98.9%; presentation hardware, 
75.3%), and most were using technologies to actively engage students (web conferencing, 74.2%; 
interactive videoconferencing, 61.8%; audience response systems, 88.8%; blogging/microblogging, 
59.5%; document collaboration, 66.3%; wiki tools, 66.3%) [1]. Results outside the US are 
unfortunately, not so readily available [4] although previously work has described the use of different 
Web 2.0 tools in biomedical and pharmaceutical education [4], [5]. Besides pedagogical advantages 
and attraction among students, the rapid growth of educational technology in pharmacy schools can 
also be attributed to support from organizations and accrediting bodies. In the US, the Center for the 
Advancement of Pharmacy Education and the Accreditation Council for Pharmacy Education promote 
the use of effective educational technology in pharmacy curricula to enhance graduate skills as patient 
care providers, problems solvers, patient educators, and health care collaborators [3,4]. In Portugal 
steps are being made so that educational technologies are regulated by law [7], although some 
initiatives on quality assurance are already in place [8]. 
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Significant changes in national health care systems worldwide are fuelling a critical examination of 
how health professionals are being educated and trained, what they learn and, more importantly, how 
they learn it. Many of the factors contributing to these changes are presented in the WorldHealth 
Organization’s (WHO) Ninth General Programme of Work [9]. WHO considers essential that all health 
professionals (Pharmacy Graduates included) are appropriately and adequately prepared to support a 
global policy framework for health. The changes referred by WHO are a reflection of the constant 
evolution of professions and professionals. Pharmacy Graduates must possess specific knowledge 
attitudes, skills and behaviors in support of their roles [10]. Although these roles go beyond those 
previously described in official WHO publications and policies, they should be considered essential 
expectations of national health care systems worldwide. To meet the demands and expectations of the 
profession, development of patient care skills, with an emphasis on “patient-centered care”, is at the 
forefront of most pharmacy curricula [3]. These skills are typically taught and assessed through 
curricular integrated, active-learning sessions involving problem-based learning, team-based learning, 
and/or case-based learning, and typically afford the learner only one opportunity to showcase their 
abilities [3], [11]. Educational technologies may offer a more effective means of complement teaching 
and assessing patient-care skills in safe, active-learning environments [3].  

Ultimately, these updates for pharmacy related professions highlight the need to introduce changes 
in educational strategies in Pharmacy Schools and Colleges. Educational strategies that focus on real 
problems of Pharmaceutical Practice have already been documented [12], [13] and in this particular 
case we will be focusing on the role of technology enriched settings. The demands of today's 
instructional environment require powerful tools to actively engage the audience [14], [15]. Information 
and Communication Technologies (ICT) has influenced the learning styles of today's generation of 
students, and has the potential to make the classroom experience more productive than ever. In 
higher education, the use of ICT has  constant topic among educators [16], since there is need for 
educational reforms to promote a more efficient learning [17]. Reflection on the use of technological 
resources as teaching intermediaries implies the design of its use as interaction tools and mediation of 
knowledge and as a way to discover new paths for the learning process, breaking with the traditional 
model of teaching and learning [18].  

2 METHODS 
This experience was developed within the discipline of Pharmacology III, from the third grade of the 
Pharmacy Degree of Oporto Polytechnic Institute. Fifty six students were enrolled. Only four were 
male. None of them had previous experiences with technology enhanced classrooms and they were 
all first time students.  Using the MIPO Model for instructional design [19], Moodle as an LMS, and 
commercial software, we developed several learning objects that made part of two different modules 
of Pharmacology (Digestive System and Respiratory System). The learning objects were developed 
accordingly to the methodology previous defined [20], [21]. To assess knowledge retention, we 
conducted a pretest-posttest, 10 weeks a part. Students were also stratified accordingly to their final 
grade.  

3 RESULTS 
Two modules and five lessons were developed (figure 1). Technical assistance was provided by the 
“Unidade de e-Learning e Inovação Pedagógica do Politécnico do Porto” - Unit of e-Learning and 
Pedagogical Innovation of Polytechnic of Porto. For each module, a lesson plan was devised, and 
consisted in objectives, background information, study materials, learning objects and self-assessment 
test [22].  
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Figure 1. Example of a learning object used in the classes. 

Students enrolled in both modules and engaged thoroughly in learning activities and learning contents. 
All students had a good performance in online quizzes (higher than 14/20). Knowledge retention was 
analyzed via pretest-posttest after 10 weeks. However, no statistical difference was found. Students 
were also grouped according to their final grade in the discipline. Four groups were made (table1).  
Students with high and medium achievement grades showed greater knowledge retention than other 
groups. There was no difference between genders. 

Table 1.  Grouped data for pre and post test 

Groups Final Grade Pretest- posttest diference 

Group 1 14 or higher -3 

Group 2 12 to 14 -5 

Group 3 10 to 12 -7 

Group 4 Below 10 -7 

4 DISCUSSION AND CONCLUSION 
The internet, and web tools have rapidly integrated themselves into all aspects of our lives. In 
academia, this technology has established itself as a method of delivering distance learning and is 
being introduced into traditional undergraduate courses where students are studying full-time. This is 
being driven by the rising expectations of students, the potential benefits that this form of delivery 
offers for on-campus, learners, the  need to teach larger groups of students and to promote flexibility 
to the increasing number of full-time students who also have part-time jobs[23].  

Technology appears to offer exciting new ways to teach, however, research into its use and evaluation 
in Biomedical and Pharmaceutical Education is still in its infancy [24], [25]. In specific areas such as 
Pharmacy and Allied Health education, the examples are not wide, but the increasing use of teaching 
methodologies such as case based learning [2], might contribute to the implementation and 
dissemination of these technologies. On a wider note, the literature on the subject has demonstrated 
that web-based learning is associated with large positive effects compared with no intervention[2]. In 
contrast, effects compared with non-Internet instructional methods are heterogeneous and generally 
small, suggesting effectiveness similar to traditional methods [26]. This raises the question, so why 
should we use technology in the learning process? The literature on the subject has also 
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demonstrated an increase in learner satisfaction with technology-based learning methods compared to 
traditional methods has also been demonstrated in the medical literature [4], [27]. This satisfaction has 
been attributed to the perceived ease of use and access, navigation, interactivity, and the user-friendly 
interface design. If a student is motivated he/she will learn more and in a better way. This is why 
motivation is so important. 

In this paper, we described an online environment that supported face to face instructions was 
successfully designed and implemented. Knowledge retention does not seem to be associated with 
shifting paradigm to web learning, but is probably related to student characteristics or motivations for 
learning. We did not aim to demonstrate superiority of computer assisted learning in student 
performance. Much more important, is to demonstrate that these initiatives can be achieved 
effectively, following pre-established teaching methods and above all, does not negatively affect 
student performance, as demonstrated. Moreover, we should not only focus on results and tests 
scores, but also provide new learning environments and strategies, and to 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 character, and in 
our understanding, alone already justify this intervention. 
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