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Abstract 
 

e-Learning has been used in medical education and has changed markedly in 

response to technological advances in this field. To update the learning environment and 

adapt it to the ever-changing student profile, various multimedia technologies have been 

introduced into medical education to enhance student knowledge. Over the years, these 

technologies have been variously referred to as computer-assisted learning, web-based 

learning, online learning, internet-based learning or, simply, e-Learning, although these 

are not all necessarily interchangeable terms. These new types of media never replaced 

older, more traditional methods of teaching but mingled with the latter to generate new 

forms that contain features from each of the original approaches. For the basic science 

disciplines that form the basis of medical courses, it is important that the learning process 

occur in the most efficient manner since students will not encounter many of the 

fundamental concepts directly, but will depend on them daily in clinical practice. In 

medical education, e-Learning can be used to provide extra-class activity that 

supplements formal class lectures by extrapolating traditional classroom boundaries and 

allowing students to focus on their individual needs, i.e., an individualized way of 

learning. The use of e-Learning during class demands specific training and skills of the 

educator, particularly an ability to interact easily with information and communication 

technologies and to have a flexible mind that is open to innovate and adapt the classic 

lecture style to the needs of a new generation of students. As a counterpart, students are 

expected to adapt to a new learning situation that requires them to share, discuss, explore 
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and generally interact in a more collaborative manner. Our experience in e-Learning 

began at the turn of the century, in 2000, when we gradually began to introduce 

information and communication technologies into the teaching of Human Embryology to 

first year medical students at the State University of Campinas (UNICAMP), Brazil. In 

this chapter, we discuss our perceptions, as well as future plans on the possible use of e-

Learning as a supplemental activity and as the main strategy for providing a truly 

collaborative approach for learning in the classroom. e-Learning may help students move 

away from dependence on lecturers as the major or only strategy of learning to a more 

autonomous or independent situation. In this strategy, the learning event is determined by 

the student’s experience, know-how and personal skills acquired in a process that is 

coherent with the student’s profile. 

 

 

Introduction 
 

A Maze of Terminology 
 

The origin of the term e-Learning is uncertain, although some have suggested that it most 

likely originated during the 1980s (Moore et al., 2011). Since the letter “e” in e-Learning 

stands for the word “electronic”, an all-encompassing definition of e-Learning would embrace 

all forms of electronically supported learning, including all types of media, technologies and 

teaching strategies (Naidu, 2006). Indeed, the term e-Learning has been used in the literature 

to indicate a large number of more specific terms, such as computer-based learning, online 

learning, web-based learning, or even distance learning and blended learning. However, the 

limits of these concepts are still nebulous. Many authors either provide no clear definition of 

the term, depending on the technology or learning environment in question (Khan, 2001; 

Triacca et al., 2004; Ruiz et al., 2006; Chagas et al., 2012), or use all of these terms synony-

mously (Cramer et al., 2000). 

The range of definitions encountered in the e-Learning field reflects the difficulty in 

objectively defining the terminology used to associate technology and education. This 

difficulty arises partly because the growing interest in e-Learning often originates in very 

divergent fields of knowledge (Naidu, 2006; Nicholson, 2007). This diversity creates a need 

to continuously update the learning environment and adapt it to the ever-changing student 

profile (Kirkwood & Price, 2006). The extensive use of the term e-Learning in recent articles 

and the continuous refinement of linked concepts reflect the dynamic nature of this field and 

the quest of authors for more appropriate terminology. Moore et al. (2011) and Twigg (2001) 

conceptualized the terms distance learning, online learning and e-Learning and drew 

attention to the similarities and differences that make them unique. Ruiz et al. (2006) drew a 

clear distinction between the terms distance learning and computer-assisted instruction while 

considering e-Learning to embrace both. Zhang et al. (2004) considered e-Learning to be 

closely linked to the internet. Meyen et al. (2002) and Naidu (2006) pointed out that the term 

e-Learning could be enhanced by refining the research question. Grahan & Bonk (2005) 

introduced the term blended learning as a new concept to encompass face-to-face learning 

and computer-based learning. 

Whereas a general term facilities its application to different scenarios, the lack of 

consistency in terminology inevitably affects not only researchers who wish to build upon 

previous findings, but also impacts designers who are creating similar types of environments  
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(Moore et al., 2011). Even the use of research tools is hindered by general terminology. The 

lack of a clear definition makes it hard to establish and share specific strategies, models or 

contexts. 

An analysis of the literature indicates clearly that although the “e” of e-Learning means 

electronic, the simple use of electronic media is not enough. Tavangarian et al. (2004), argued 

that a proper definition demands that the electronic media provide specific support to the 

learning process itself (otherwise we would have the unacceptable situation of the use of a 

microphone during a lecture or PowerPoint classes being considered as examples of e-

Learning). 

 

 

 Building Concepts 
 

 Educational Scenarios and Learning Environments 
 

This chapter assumes that there is a difference among all the terms mentioned above. The 

first aspect to be considered when seeking to understand the terminology is to recognize the 

existence of two parallel pedagogical scenarios that describe the learning goals (Singh, 2003), 

namely face-to-face education
1
 and distance education (Karisiddappa, 2002; Sethy, 2008). In 

face-to-face education, the delivery of learning goals implies the presence of an instructor 

with whom the learning group is synchronously associated, i.e., real-time interaction. In 

contrast, in distance education, the learning goals are achieved without the learning group 

being in personal contact and post offices and/or telecommunications technologies are used to 

coordinate the education process in a more asynchronous manner (delayed interaction) 

(Bigony, 2010; Watson et al., 2008). Although less common, asynchronous interactions are 

sometimes encountered in face-to-face education, e.g., homework, and synchronous 

interactions are sometimes present in distance education, e.g., teleconferences and/or online 

chats. Whereas distance education emerged in the 19th century (Passerini & Granger, 2000), 

face-to-face education has been known ever since the introduction of educational processes, 

with clear documentation of lectures dating from the 13th century (Andrade et al., 2012). 

Face-to-face education traditionally occurs in a classroom setting in which a faculty 

member delivers instruction to a group of learners. When this class includes more than 

lectures, workshops, presentations, or tutoring and extends the educational scenario to 

incorporate technologies it can be considered face-to-face enhanced education. If this 

educational process also includes online resources it can be referred to as blended education, 

a third type of educational scenario. Blended education is a relatively recent term that refers 

to environmental mixing (Garrison & Kanuka, 2004).  

A learning environment refers to the interface between the learners and their learning 

objectives and provides different means to achieve the learning goal (Dietinger, 2003). The e-

Learning environment can usually be accessed using different media and supports several 

learning approaches and different ways of interaction, communication and collaboration. 

                                                        
1
 In this chapter, the term “education” will be associated with educational scenarios, although the term “learning” is 

also commonly used in connection with such situations, i.e., in such a case, we would have “face-to-face 

learning”. Education is a formal process of knowledge acquisition while learning may occur as part of 

education [Dewey, John (1916-1944). Democracy and Education. The Free Press. pp. 1–4.] 
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Additionally, e-Learning environments often include administration and management utilities 

and interfaces to other systems to support the organizational part of learning (Dietinger, 2003; 

Volpentesta & Frega, 2006). The traditional classroom is considered a learning environment 

in a face-to-face educational scenario while the active use of software by learners during 

classroom periods provides an e-Learning environment in the same face-to-face (enhanced) 

educational scenario. Griffin et al. (2012) highlighted the trend of educational environments 

to grow and include not only the traditional physical classroom, but also a virtual space on the 

Internet. 

As indicated above, the blended education scenario combines traditional face-to-face 

educational methods with online learning environments (Garrison & Kanuka, 2004). This is 

unlike any process in the classroom since the online activities are encouraged to be 

undertaken outside of the university, at times best suited to the dynamics of the student’s 

daily life; this approach includes the use of emerging technologies to maximize spatial and 

temporal freedom that an entrepreneurship routine requires (Asgarimehr et al., 2012).  

The knowledge provided by distance, blended and enhanced face-to-face educational 

scenarios can be improved by including any communication device or application. The 

adaptability of these scenarios to the introduction of new technologies has given rise to the 

concept of Information and Communication Technology (ICT), an umbrella term that 

includes resources such as radio, television, computer, cellular phones, tablets, hardware and 

software networks, satellite systems and so on, as well as the various services and 

applications associated with these media, such as internet, public broadcast transmission and 

videoconferencing (Kumar, 2008).  

 

 

Generations of Media Resources  
 

The widespread use of ICT in general settings encouraged their inclusion in education to 

improve the classroom teaching-learning process and to facilitate the emergence of e-

Learning in knowledge acquisition. Defined broadly, e-Learning is essentially the application 

of an ICT to the delivery of educational services in face-to-face, distance or blended 

educational scenarios (Klein & Ware, 2003). The increasing access to ICT and the decrease in 

its cost (Naidu, 2006) has resulted in an expansion of e-Learning education and technology 

that has reached different social levels of society. 

To assess the changes in the integration of media and education, we will assume the same 

four generations previously described for distance education scenarios (Figure 1) (Moore & 

Kearsley, 1996; Passerini & Granger, 2000). According to Figure 1, ICT and therefore e-

Learning can be identified from the second generation onwards. It is important to recognize 

that throughout this process the emerging media did not necessarily replace older forms but 

instead mingled with the latter to generate new forms containing features from each 

generation.  

The different media resources and their emergence in different generations can be 

summarized in the two scenarios mentioned, i.e., distance education and face-to-face 

education, and characterize different learning environments. From the fourth generation 

onwards, the mixture of learning environments has led to the creation of a third scenario, that 

of blended education (Figure 2). In face-to-face education media resources will serve to 

enhance the relationship between teacher and learner and among learners (face-to-face 
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enhanced education), while in distance education the same media provide contact between the 

teacher and learners that are separated in time, space or both (Moller, 1998). Finally, in 

blended education, the media serve to merge both of the educational scenarios involved in a 

synchronous or asynchronous manner (Al-Qahtani & Higgins, 2012). 

 

 

Figure 1. Generations of media resources. Note the overlap of successive generations with previous 

ones, with the fourth generation embracing all of the technologies for e-Learning.  

 

 

Figure 2. Generations of media resources and the associated educational scenarios. Note that an overlap 

of media resources is assumed in this generation-based scheme. 
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The Evolution of e-Learning Environments 
 

If, as indicated above, e-Learning arose in the second generation of media evolution, then 

this should have followed the same process that led to the incorporation of new ICTs into the 

educational scenario. The evolution of e-Learning highlights not only the new media that 

were introduced but, more importantly, the learning environments (Figure 3) that connect 

these media to a process of knowledge acquisition.  

Before understanding the role of learning environments in the different generations, it is 

imperative to correctly understand the range of terms described above. For this, it is essential 

to assign the correct use of connectives
2
 between the role of media-technology and the 

learning process. Anohina (2005) clearly conceptualized the construction of a scheme of 

terms to require the consideration of a technology-describing word + a connective + an 

educational concept, e.g., internet-based learning, or a word that characterizes learning + an 

educational concept, e.g., online learning. In this chapter, this same pattern of terminology 

will be adopted to facilitate understanding and allow the education scenarios to be as broad as 

possible; these scenarios should only be narrowed in specific instances. 

According to this concept, predominantly tools-based learning, i.e., e-Learning tools, can 

be well defined by using technology combined with different connectives. Terms that include 

the connective “based” have a broader meaning compared to other connectives that include 

the meaning of the words “managed”, “assisted” and “enriched”, and indicate that technology 

plays a central role in the learning process (Anohina, 2005). In this chapter, the choice of the 

connective “based” was an attempt to not restrict the concept and applicability of the 

media/technology.  

With this scheme for the terminology (Anohina, 2005) in mind, it is possible to 

understand the role of learning environments in the different generations of media used in 

education (Figure 3). It is also possible understand how e-Learning that incorporates every 

step of dynamic media-based learning since the use of ICTs has created new identities that 

have fashioned a variety of terms. Consequently, the learning environments generated by the 

use of media tools can all be considered variations of the interaction model, with e-Learning 

as the central theme. The term e-Learning is still easily found in the literature with versions 

1.0 and 2.0 still intermixing with the term online learning (O'Reilly, 2005; Karrer, 2007; 

Andrade et al., 2012) and, more recently, mobile learning (Alexander, 2004).  

The evolution of the terms e-Learning, online learning and mobile learning was possible 

solely because of the evolution of media-based technology. The first incorporation of a 

computer into the dynamics of learning allowed an upgrade in knowledge, very similar to the 

experience with the incorporation of recorded videos and audios and even animations that 

confirmed the usefulness of ICTs in education. Overcoming the barriers inherent to the 

incorporation of new media greatly facilitated the introduction of online access and led to a 

rapid improvement in the dynamics of an environment of bilateral interactions in e-Learning 

2.0; this improvement left behind the unilateral interaction environment of e-Learning 1.0. 

The continuous incorporation of new opportunities for interaction beyond the classroom has 

                                                        
2
 Examples of these connectives are: administered, aided, assisted, augmented, based, delivered, directed, enabled, 

enhanced, extended, facilitated, managed, mediated, monitored, related, and supported [Anohina, A. (2005). 

Analysis of the terminology used in the field of virtual learning. Educational Technology & Society, 8(3), 91-

102.] 
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resulted in a flexible mode of interaction. Since media coordinate and are coordinated in 

learning scenarios, these interactions require the introduction of a whole new terminology. 

 

 

Figure 3. e-Learning environments. Note that the background to these environments includes 

generations of media resources and educational scenarios. The arrow indicates the evolution of e-

Learning, online learning and mobile learning. 

Figure 4 shows that, starting with the second generation and preserving the implicit 

theory about the temporality of educational scenarios presented in Figure 2, the media 

resources incorporated in an educational environment (referred to here as e-Learning tools) 

can be framed as an initial configuration of ICTs on education. The first example of e-

Learning tools is represented by technology-based learning. In the third generation, the rise of 

computer work stations with the possibility of programming personalized software allowed 

the creation of new computer-based learning. The development of increasingly complex 

networks and access to the internet drastically affected e-Learning and suggested the need for 

a narrower, more restricted term that would incorporate the network connections; this term 

was online learning. 

At this stage, the e-Learning environments or, more precisely, online learning 

environments, tended to be internet-based or web-based, i.e., on web browsers that allowed 

access to the network. Indeed, for many authors, the broad term e-Learning was closely 

associated with the internet (Zhang et al., 2004; Ruiz et al., 2006). 

When O'Reilly (2005) proposed that the web paradigm be divided into web 1.0 and web 

2.0 the term e-Learning fitted the concept and justified creation of the terms e-Learning 1.0 

and e-Learning 2.0. Whereas web 1.0 was limited to the passive viewing of content that 

others had created, web 2.0 provided a space for interaction, dialogue and collaboration in 

which users assumed the role of consumers and producers of content (Andrade et al., 2012). 
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e-Learning 1.0 thus referred to the initial online learning environment based on a unilateral 

interaction while e-Learning 2.0 referred to an environment in which users (in this case, 

teacher and learners) were in bilateral interaction.  

 

 

Figure 4. e-Learning tools. Note that the background to these tools includes generations of media 

resources, educational scenarios and e-Learning environments. 

Finally, the combination of wireless technology and mobile devices such as mobile 

telephones, laptops and tablets has led to marked transformations in people’s relationship 

with media and technology (Alexander, 2004), particularly in view of the ease of access and 

interactivity through internet applications and the increasing comfort in using such 

technology. Such transformations have markedly affected the learning environment and have 

led to the most recent adaptation of e-Learning, i.e., mobile-Learning, which is based on the 

principle of personal control and ownership of the learning process through access to aspects 

of these tools that are not shared with others and are “always” carried (Bruck, 2012). 
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The Use of Terms 
 

Carnevale (2000) stated that the term used for technology-based learning depends on who 

you ask. Thus, in a survey by this author, professionals working for institutions of higher 

education and vendors that offered course material were asked about the best term to describe 

technology-based learning. Overall, 40% of those interviewed preferred to use the term e-

Learning, while 13% used the term online training, 10% used web-based training and the 

remainder (37%) used terms such as technology-based training, distance learning and 

computer-based training. In this same study (Carnevale, 2000), the opinion of learners was 

also considered; in these individuals, use of the term e-Learning was not prominent and there 

was a tendency to use equivalent terms (computer-based training used by 21%, web-based 

training by 19%, online learning by 18%, and 10% each for distance learning, distance 

training and e-Learning while 12% used less prevalent terms).  

More recently, Moore et al. (2011) interviewed a series of students, instructors and 

researchers to determine whether there was indeed a difference between the terms e-Learning, 

online learning and distance learning. Most of the participants assumed that there was a 

difference among the three terms. Most of those interviewed classified the terms according to 

the type of media used and provided a description for each term; a hierarchical organization 

of the terms was suggested by a minority of those questioned. Curiously, some of the 

participants were unable to define the terms without additional information on the scenario in 

which they would be used. This observation indicates the importance of defining the context 

and assessing the environment in which a term is used, as well as the need to clarify whether 

the term refers to new or old out-dated technology. 

In addition to variation in the participants’ perceptions identified by Carnevale (2000), 

Moore et al. (2011) identified variation in how terms were used on different continents, which 

implied that there were also differences among countries.  

To assess current perception of the usage of these terms, we undertook a search in the 

Google Scholar database for publications that used the major terms in this field in their titles. 

The search was restricted to education and technology and covered three decades (1980-1989, 

1990-1999, 2000-2009), as well as the period 2010-2012 (the search was done in 2012). We 

chose the Google Scholar database because its broad indexing facilitated the search for 

articles, theses, books, abstracts and court opinions published by academic publishers, 

professional societies, online repositories, universities and other scholarly publishers, as well 

as web sites.  

Figure 5 shows the educational scenarios encountered in this survey. Distance education 

has predominated since the 1980s, although since 2000 blended education has gained ground. 

Interestingly, although face-to-face education was the prevalent form of education it was not a 

major term in the article titles but appeared as a standard for comparing distance education 

and blended education. 

Figure 6 shows that the term e-Learning predominated in the 1980s whereas online 

learning was the prevalent term in the 1990s, possibly because of increased internet access. 

From 2000 onwards e-Learning again predominated in response to the rise of e-Learning 2.0. 

This resurgence of the term e-Learning and the concomitant general expansion of internet 

resources related to online learning probably explains the strong association between e-

Learning and the internet that some authors have emphasized (Ruiz et al., 2006).  
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Figure 5. Principal terms used to describe educational scenarios in the last three decades (based on a 

Google Scholar database search for the indicated terms in publication titles
3
). 

Finally, Figure 7 shows that, with regard to the e-Learning tools used to create learning 

environments, the term computer-based learning predominated in the 1980s but began to 

decline in the 1990s to reach its lowest usage in 2000-2009, when web-based learning 

became dominant. Despite its correctness, the term internet-based learning has not been well 

accepted over the years. A similar phenomenon was observed for the term technology-based 

learning that has shown little change in its relative use since the 1980s.  

The important conclusion here is that the usefulness of a term can be lost when the 

educational scenario involves more than one element of learning as a strategy to facilitate the 

acquisition and use of knowledge. The condensation of terms to facilitate the understanding 

of a particular scenario is crucial, as is the maintenance of this use throughout a text, the 

correct use of connectives and the maintenance of the original foundations of the concept. 

 

 

Figure 6. Use of e-Learning environment terminology in the last three decades (based on a Google 

Scholar database search for the indicated terms in publication titles
4
). 

                                                        
3
 The search was run using the option “allintitle” with the terms "distance learning" OR "distance education" for 

distance education, "Face to face learning" OR "Face to face education" for face-to-face education and 

"blended learning" OR "blended education" for blended education. 
4
 The search was run using the option “allintitle” with the terms "e learning" and "elearning" for e-Learning, "online 

learning" OR "on line learning" for online learning and "mobile learning", "m learning" OR "mlearning" for 

mobile learning. 
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Figure 7. Use of e-Learning tools in the last three decades (based on a Google Scholar database search 

for the indicated terms in publication titles
5
). 

 

e-Learning and Medical Education 
 

e-Learning is now well-established in different educational fields (Farrell, 2006; Potter & 

Overton, 2006; Gupta, 2002), including medical education. The Association for Medical 

Education in Europe (AMEE), which provides guidelines on topical issues in medical and 

healthcare education, dedicated its 2008 guide to “e-Learning in medical education” (Ellaway 

& Masters, 2008). This guide stated that e-Learning had become part of mainstream medical 

education within just a few years. This important role of e-Learning in medical education 

requires little additional infrastructure but is highly dependent on the teachers’ acceptance of 

this technology, the students’ willingness to adapt to a new teaching paradigm and the 

availability of pedagogical/technological support. 

 

 

Successful Implementation of e-Learning by Students and Teachers 
 

According to Ward et al. (2001), medical schools must invest heavily in computing 

facilities, not only to attract students but also because informatics skills are seen as essential 

in a profession that is increasingly dependent on electronic information. In addition to 

traditional methods, clinical interactions have become increasing instrumented, i.e., greater 

dependence on electronic devices, and the new generation of instructors and students must 

know how to evaluate the data of a heart monitor, a digital stethoscope or a digital endoscopy 

(Ward et al., 2001; Wutoh et al., 2004). They also need the skills to use computerized patient-

record systems and medical information resources (Wutoh et al., 2004).  

The fundamental aspect in the successful implementation of e-Learning in any 

educational field relates to the availability of an adequate infrastructure, referred to in the 

literature as e-Learning resources (or simply e-resources).  

                                                        
5
 The search was run using the option “allintitle” with the terms "Technology based learning" for Technology based 

learning,  "Computer based learning" for Computer based learning, "Web based learning" for Web based 

learning and "Internet based learning" for Internet based learning.  
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This infrastructure is the technological backbone necessary to implement media-based 

learning environments and an initial analysis is required in order to establish the financial 

implications of implanting this system in conventional educational institutions (Ward et al., 

2001; Naidu, 2006).  

Innovation and collaboration require money and time to implement equipment and train 

human resources (Ash & Bacsich, 2002). These are difficult aspects to address because every 

system is tailored to specific needs, technology changes rapidly and there are different views 

on how to estimate costs. As pointed out by Rumble (1999), the costs of e-Learning depend 

on the complexity of the environment. Structured, paced and circumspectly constructed e-

Learning reduces the amount of e-moderator time and has a direct impact on satisfactory 

learning outcomes; a positive outcome can have a significant impact on subsequent 

investments in learning technologies (Salmon, 2002; Sharma, 2011). With regard to the 

implementation of e-resources, Selim et al. (2007) identified various factors that affect the 

success of e-Learning, based on an assessment of student observations:  

 

1. Teachers’ characteristics: their outlook towards technology and teaching methods;  

2. Students’ characteristics: their qualifications in using computers, interactivity among 

themselves, design and content of the curricula for e-Learning; 

3. Technology: including ease of access and infrastructure; 

4. Supports: technical, pedagogical and personnel.  

 

Khan (2005) identified other factors that can interfere with this process, including:  

 

1. Ethical factors: the impacts of society and politics, cultural diversities, students’ 

tendencies, geographical distributions and diversities; digital divide, etiquette and legal cases; 

2. Interface factors: web and site design, navigation, access, usable tests, logistics, online 

and offline supports and resources.  

3. Evaluation factors: e-Learning content development, evaluation of e-Learning 

environment, e-Learning evaluation for planning and organization, and student evaluation. 

 

In practice, teachers frequently list the following conditions as obstacles: access to the 

computer classroom, number of computers in a classroom, problems with the computer 

network and internet (access and speed) (Osika et al., 2009). Since the introduction of e-

Learning technology in academic institutions demands changes in structure, policies and 

organization, it also requires changes in organizational learning (Keller, 2009), with a 

requirement for teachers to manage all of these implications.  

The availability of information and access to successful examples on how to apply e-

Learning technology in education can positively influence a teacher's adoption of e-Learning 

(Timothy, 2009; Kundi et al., 2010). However, the acceptance of e-Learning technology often 

raises other obstacles such as work overload, the question of intellectual property, 

professional growth and management and inadequate recognition for the effort invested in 

adopting this new technology (Marwan & Sweeney, 2010). 
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e-Learning as an Enhancer of or Substitute For Learning – What Is Going 
on in Basic Medical Science Disciplines? 

 

In 1993, The Association of American Medical Colleges report (ACME – TRI Report) 

claimed that lectures should not be the primary model for teaching preclinical courses and 

that to practice medicine in the 21st century medical students should be given a strong 

grounding in the use of computer technology. In line with this reasoning, medical schools 

should start to improve faculty knowledge about the use of educational technologies, provide 

more and better organized computer software resources to facilitate students’ learning and 

develop an organizational structure that promotes the use of educational technology. 

To gain insight into the impact of these recommendations on medical education Moberg 

& Whitcomb (1999) used the 1998 AAMC Medical Student Graduation Questionnaire to 

examine the acceptance and usage of e-Learning tools in 125 medical schools in the US in the 

period 1997-1998. Their results indicated that the use of educational technology appeared to 

be increasing but they drew attention to a disparity between the use of such technology in 

clinical training and basic science disciplines, with the latter making greater use of these 

technologies.  

The study by Moberg & Whitcomb (1999) revealed that when e-Learning was introduced 

into medical education initial attempts focused on (1) restructuring the basic science course 

by using simulations and models of biological processes (71.2% of schools involved stated 

that they had incorporated educational technologies for this propose) and (2) using this 

technology to distribute teaching material such as course syllabuses and audiovisual material, 

including diagnostic images and lecture notes, handouts and other teaching supplements of 

preclinical disciplines (over 66% of schools involved stated that they had incorporated 

educational technologies for this propose). Currently, there is a tendency to incorporate e-

Learning in teaching beyond the preclinical stage. Such teaching involves direct manipulation 

of the multimedia module with different types of interactivity to train and improve manual 

skills (Hosny et al., 2008; Kalet et al., 2012) and allows participation in Continuing Medical 

Education programs (Hugenholtz et al., 2008).  

Sandars & Schroter (2007) reported an increasing interest in the use of web 2.0 

technologies for medical education but the survey respondents (3,000 medical students and 

3,000 qualified medical practitioners, i.e., consultants, general practitioners and doctors in 

training, in the British Medical Association's membership database) stated that they would 

like to have more training in this field. Jonassen et al. (1999) stated that it may be necessary 

to re-educate learners regarding their participation in such a dynamic learning environment, 

particularly since old models of education have left their legacy. Many students have been so 

busy memorizing what teachers tell them that they may need some support when they first 

attempt to communicate with others through e-Learning tools (Boulos et al., 2006).  

For the basic science disciplines that form the basis of medical courses it is important that 

the learning process occur in the most efficient manner since the students will not encounter 

many of the basic concepts directly but will depend on them daily in clinical practice. The 

incorporation of e-Learning in basic science as a means of supplementing and enhancing 

teaching material (Ogilvie et al., 1999; McNulty et al., 2000; Ruttena et al., 2012) is widely 

documented for many areas, including biochemistry (Monova et al., 2010; Varghese et al., 

2012), embryology (Nieder & Nagy, 2002; Moraes & Pereira, 2010; Abdelhai et al., 2012), 

cell biology (Lamperti & Sodicoff, 1997; Gelbart et al., 2009), parasitology (Shomaker et al., 
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2002; Gunn & Pitt, 2003), microbiology (Orcutt et al., 2011), histology (Evans et al., 2000; 

Harris et al., 2001; Brisbourne et al., 2002) and anatomy (Petersson et al., 2009). These 

disciplines include synchronous and asynchronous computer-based, web-based and internet-

based e-Learning methods in different forms of interaction.  

Zhang et al. (2004) examined whether e-Learning is becoming a real alternative to 

traditional classroom teaching. A large number of studies have shown that e-Learning can be 

at least as effective as conventional classroom learning under certain situations (Boulos et al., 

2006) but there are still some logistical concerns about (1) e-Learning as a requirement for 

much more professional training, (2) the need to enhance system interactivity and 

personalization and (3) the need to engage learners better and to validate the acceptance of 

this substitute model. 

According to Zhang et al. (2004), not every student will find e-Learning suitable for his 

or her learning style; indeed, some students feel bored or intimidated in front of a computer. 

The students who participated in this study by Zhang et al. claimed that although the system 

was interesting and effective, they would still prefer to go to traditional classrooms if they had 

a choice since e-Learning environments cannot recreate real-life situations.  

The substitution of the traditional learning environment for e-Learning resources requires 

more maturity and self-discipline from students than traditional classroom education, which 

may explain the higher dropout rates in e-Learning programs compared to conventional 

programs (Hiltz & Wellman, 1997; Kumar, 2001). For students, e-Learning can provide an 

educationally superior alternative to traditional lectures since learning can occur outside the 

lecture hall. e-Learning can also provide a model for students on how to become self-directed, 

independent learners, which may assist them in becoming ‘life-long learners’ (Singh et al., 

2005). 

 

 

Individual and Collaborative e-Learning –Understanding the Process 
Through an Evolving Example 

 

Depending on the learner’s interactions and the teacher’s guidance the learning process 

can be either a collaborative or an individual effort.  

In collaborative learning, learners work in groups with a common academic goal in which 

they learn or attempt to learn together by different forms of interaction (Dillenbourg, 1999). 

Collaborative learning requires that the learners be verbally active, feel safe, and work on the 

task from a position of equal responsibility. In contrast, in individual learning, learners work 

individually at their own level and rate towards an academic goal through self-study, 

technology-based instruction and observation (Argyris, 1992; Marquardt, 2002). Individual 

learning eliminates problems related to the timing and planning of encounters with other 

learners, a difficulty often encountered in other learning approaches (Van Eij et al., 2005). 

Individual learning has its advantages, but there is a need to encourage learners to also 

become involved in group discussions in order to enhance their knowledge and improve the 

information obtained (Collier et al., 2011). Although studies in the literature indicate a trend 

to encourage collaborative learning, learners nevertheless have their own preferences and 

perception on how to learn. 

As reported by Van Eij et al. (2005) the learner's choice of individual or collaborative 

learning is generally a well-informed decision. In a study in which learners could choose to 
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work in collaboration or individually 56% of them joined a team whereas 44% chose to work 

individually; at the end of the learning experience learners in both groups were satisfied with 

their choices. To improve learning, the collaborative and individual approaches can use any 

of the e-Learning tools outlined in this chapter to create and benefit from a wide range of e-

Learning environments. In the following paragraphs, we provide a brief description of 

possible uses of e-Learning tools for teaching histology to illustrate the variations in 

individual and collaborative e-Learning. In the 1990s, Downing (1995) implemented 

collaborative e-Learning at the University of Minnesota by distributing CD-ROMs containing 

images of histological sections and correlated quizzes. These CDs were used by groups of 4-5 

students to stimulate them to discuss the images and answer the quizzes. Other reports have 

described the use of collaborative e-Learning to stimulate discussion in small groups and 

forums and for solving quizzes (Mills et al.; 2007; Collier et al., 2011; Triola & Holloway, 

2011); collaborative e-Learning can also be used to simultaneously compare different 

histological slides, with the flexibility that the student can study anywhere, thus making the 

learning process more active and participative (Blake et al., 2003; Mills et al., 2007; Triola 

and Holloway, 2011).  

Individual e-Learning is claimed to facilitate the learning of histology and to be less time-

consuming. This point is praised in many reports (Blake et al., 2003; Harris et al., 2001; 

Krippendorf & Lough, 2005; Schmidt et al., 2011) that highlight the benefits obtained 

without the need for traditional laboratories, in addition to the flexibility of being able to 

study at any computer (Harris et al., 2001). The evolution and incorporation of e-Learning 

tools in the field of histology culminated in the merger of microscopy with digital technology 

and led to development of the virtual microscope that can be accessed through CD-ROMs 

(Blake et al., 2003), via the internet with a password to be used only within the faculty (Harris 

et al., 2001) or via online access (or even open access) for use anywhere (Schmidt et al., 

2011). As indicated in studies that sought to create virtual microscopes, the application of e-

Learning must be linked to the individual learner´s needs. This approach will improve the 

efficiency and flexibility of the study and contribute to the expansion of knowledge in a 

collaborative way, through forums, quizzes or study groups. As a result, e-Learning allows 

more efficient teaching and stimulates the students to seek and acquire more knowledge. 

Regardless of the type of interaction adopted in dealing with e-Learning tools the foregoing 

brief comments on teaching histology indicate that a well-structured e-Learning environment 

will help learners move away from dependence on lecturers as the major or only strategy of 

learning to a more autonomous or independent situation. In this strategy, the learning event is 

determined by the student’s experience, know-how and personal skills acquired in a process 

that is coherent with his or her profile (Dillenbourg, 1999). 
 

 

Teaching Human Embryology to First Year Medical 
Students at the State University of Campinas 

(UNICAMP) – An Experience of e-Learning in an 
Undergraduate Medical Discipline 

 

The embryology classes at UNICAMP are based on face-to-face education and have been 

headed and taught by one of us (LAVP) since 1994. Until 1998, a traditional lecture style was 
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adopted in teaching human embryology to first year medical students. However, in 1998, the 

university´s Faculty of Medical Sciences introduced a wide-ranging reorganization of the 

medical curriculum that placed strong emphasis on “theoretical guidance, pedagogical 

approach and locations for practical training” (Souza et al., 2008).  

In order to adapt to this new curriculum, in 1999 members of the Department of 

Histology and Embryology decided to develop teaching material to enhance face-to-face 

learning and improve student comprehension of the different stages of human embryology 

and their associated birth defects. The strategy involved macro- and microscopic digital 

documentation of embryos, fetuses and neonates undergoing autopsy (Moraes et al., 2004).  

In 2001, the curricular guidelines were finally approved and officially implemented in 

undergraduate teaching policies. The teaching envisioned by the new medical curriculum was 

expected to produce professionals that would be characterized by (Filho et al., 2006):  

 

1. An ethical perspective, a humanistic view and a sense of social responsibility and 

commitment to ordinary citizens;  

2. Orientation toward health protection and promotion and disease prevention;  

3. An ability to comprehend basic knowledge and integrate and apply it in professional 

practice;  

4. Orientation on how to interact at primary and secondary levels of healthcare and how 

to provide quality resolution of health-related problems;  

5. An ability to deal with primary urgency and emergency situations;  

6. An ability to communicate and deal with multiple aspects of the doctor-patient 

relationship;  

7. An ability to continuously learn throughout professional life and to assess personal 

performance; and  

8. An ability to act within and later lead a health team.  

 

This curriculum was designed to permit critical and creative training of professionals who 

would be able to assimilate the ideal of 'learning to learn', thereby generating mechanisms that 

would contribute to the permanent reconstruction of their professional identity (Souza et al., 

2008). 

After the curricular reform, the classes offered by the Department of Histology and 

Embryology were integrated in a series of morphophysiological disciplines that included 

anatomy, biochemistry, embryology, histology, physiology, and radiology in a systems-

integrated learning scheme. Currently, the morphophysiological disciplines are taught in the 

first (BS110 - 260 h) and second (BS210 - 338 h) semesters of the first year of the medical 

course. 

The curricular reform stimulated us not only to fit into a new scheme of classes, but also 

to pursue the third aim of the new curriculum, namely, an ability to comprehend basic 

knowledge and integrate and apply it in professional practice. As stated by Drake et al. 

(2009), there are many driving forces behind curricular reform, including a decrease in 

weekly contact hours, increased integration of subject matter, interaction with clinical faculty 

in the early years of medical school, and the appropriate use of the vast array of electronic and 

technological advances. Instead of traditional discipline-based courses, the trend is towards 

interdisciplinary science courses and integrated basic science/clinical courses (Drake, 1998). 

Instead of lecture-based presentations, current trends suggest using interactive approaches 
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such as team-based learning (Vasan et al., 2008), small group interactive sessions (Chan & 

Ganguly, 2008) and problem-based and case-based learning (Philip et al., 2008; Yiou & 

Goodenough, 2006). 

In this context, we sought for strategies to teach basic concepts of embryology and their 

association with clinical cases. From this moment on, the lectures were divided into two parts. 

In the first part (1.5 h) the development of body structures was explained, while in the second 

part (1.5 h) the clinical history and macro- and microscopic images of selected autopsies were 

shown to the students, who were also encouraged to find and discuss the birth defects and 

their diagnosis (Moraes et al., 2004).  

The next step was to approach human embryology lectures through e-Learning tools. We 

developed an software package named Clinical Human Embryology that included macro- and 

microscopic digital documentation of embryos, fetuses and neonates undergoing autopsy 

(Moraes et al., 2004), as well as clinical histories, images, films, illustrations, animations and 

texts (Moraes & Pereira, 2010). During classes the instructors used software developed by us 

to demonstrate normal development and deviations from normality.  

During extracurricular activities (1.5 h), in which they were assisted by two postgraduate 

students with skill in human embryology, the students could review by themselves all of the 

teaching material by accessing the software through the UNICAMP intranet. The software 

was available to the learners only during assisted monitoring. 

This new e-Learning environment resulted in greater involvement of the students in the 

learning process. Students and instructors also perceived an improvement in the motivation 

and effectiveness in learning and teaching human embryology (Moraes et al., 2004; Moraes & 

Pereira, 2010).  

Based on this initial e-Learning experience, we began to focus on the development and 

validation of strategies to assess our teaching methods (Moraes et al., 2012) since our 

approach on how to use e-Learning tools varied from year to year. As a result, we recently 

introduced a combination of e-Learning tools and formative assessments, in addition to using 

Clickers (Audience response devices) in classes.  

In 2011, convinced of the advantages of e-Learning environments, we reorganized our 

embryology teaching material and strategies of use and decided to bring this material into the 

classroom (rather than being limited exclusively to extracurricular activities), thereby 

providing the students with access to this material by two different approaches. In the first 

approach, the human embryology lectures were divided into two sequential moments. In the 

first of these (1.5 h), students attended a software-based theoretical lecture while in the 

second moment (1.5 h), the students, assisted by instructors, were encouraged to review, 

discuss and integrate the embryological content by using the Clinical Human Embryology 

software on their own. In the second approach the students were initially encouraged to use 

the software by themselves (1.5 h) and then to discuss its contents with the instructors (1.5 h). 

So far, our perceptions as instructors are that these e-Learning environments require more 

maturity and self-discipline by the learners than does traditional classroom education, as has 

also been reported elsewhere (Hiltz &Wellman, 1997; Kumar, 2001; Zhang et al., 2004). In 

this e-Learning scenario, the responsibility for learning is now more evenly divided between 

the instructor and learners, without overloading the instructor. We have also noted more 

dispersive behavior among students in classes in which e-Learning environments were not 

used. Based on these perceptions, we conclude that in these e-Learning environments the 
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students become more interested in learning human embryology and this has motivated us to 

continue our efforts.  

 

 

Conclusion 
 

The implementation of e-Learning in undergraduate medical courses needs to be viewed 

carefully by faculty members and should not be seen simply as an opportunity to increase 

physical space or academic productivity, nor as a long-term means of reducing costs or 

teaching time. The introduction of e-Learning should be seen essentially as a teaching 

decision that can improve the students’ basic knowledge of scientific facts and their ability to 

reason and meet the expectations of modern curricula. 

It is also important to create an effective evaluation process that will allow objective 

assessment of whether the new teaching method is educationally or pedagogically better or 

worse than other formats (including classic methods) for teaching medical students. The 

assessment of teaching methods is an ongoing, long-lasting debate (Handelsman et al., 2004; 

Moraes et al., 2012). The success of teaching methods in medical basic sciences should be 

evaluated repeatedly throughout the undergraduate course and also during residency and 

medical practice.  

Based on our experience, the implementation and adaptation of e-Learning environments 

requires instructors to work more actively in developing and assessing effective teaching 

material and methods. Greater involvement of students in the learning process is also 

important. In this context, Wood and Handelsman (2004) have suggested that instructors 

adopt the standard of “scientific teaching” (Handelsman et al., 2004), i.e., making changes, 

assessing their effects on student learning and then further modifying the teaching strategy 

based on the assessment results. 

In conclusion, the introduction of new teaching methodologies demands the intimate 

involvement of faculty members, a fundamental aspect of quality education and the success of 

any medical student (Bloodgood & Ogilvie, 2006). In the midst of the current discussion 

regarding the implementation of e-Learning environments, a statement by Ludmerer (1999) 

deserves careful consideration: “Teachers are more important than courses. Students should 

meet the best instructors and be exposed to them for significant periods of time”. 
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