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Chapter 1  

1 Introduction 

This chapter outlines the Systemic Human Anatomy curriculum at Western 

University, enrolment history, factors that drove the creation of the online course, 

and the importance of evaluating its outcomes. 

 Systemic Human Anatomy at Western University 1.1

 Curriculum 1.1.1

Anatomy is the study of the structure of organisms.  Systemic Human Anatomy 

(ACB 3319) is a full credit, third year undergraduate course with a prosection 

laboratory demonstration.  It has been offered by the Department of Anatomy 

and Cell Biology at Western University Canada for the past 30 years.  This 

popular course is a prerequisite for several modules in the Bachelor of Medical 

Sciences program and is also sought after by allied health science students.  The 

learning objectives for the course are for students to acquire facts and concepts 

about the structure of the human body and how it relates to function.  Students 

attend biweekly, 50 minute didactic lectures (50 hours total) and a weekly, 1 hour 

laboratory demonstration (24 hours total).   A systems approach is taken to 

introduce gross and functional anatomy of the central and peripheral nervous 

systems (20 hours), special senses (2 hours),  musculoskeletal (22 hours), 

cardiovascular (6 hours), respiratory (3 hours), digestive (5 hours), urinary (3 

hours), and reproductive systems (5 hours).  During the interactive laboratory 

sessions, a teaching assistant reviews lecture material and describes anatomical 

structures and relationships in 3 dimensions to small groups of 15 students.  The 

teaching assistant uses human prosections, plastic models, diagrams and videos 

as teaching aids. While this is not a dissection-based course, students are given 

the opportunity to directly handle both the plastic models and prosections.  

Minimal specimen preparation work is required by departmental staff, as the 

prosections come from cadavers previously dissected by advanced anatomy 
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students as part of their coursework (i.e., clinical anatomy graduate students, 

medical, physiotherapy, occupational therapy and kinesiology students). 

Students do not have access to the laboratory and laboratory teaching materials 

outside of the instructor-guided session; however, face-to-face office hours with a 

teaching assistant were available on a drop-in basis (2 x 3-hour long sessions 

each week). 

 Assessment of Students 1.1.2

Student comprehension of the lecture material is assessed through quarterly, 

multiple choice term tests totaling 90% of the final grade.  The students’ 

understanding of the laboratory concepts, in conjunction with the corresponding 

lecture material, are tested through non-cumulative weekly quizzes (24) totaling 

10% of the final grade.  Each quiz is administered at the end of the laboratory 

session.  Quiz questions (10) are displayed in a projected Power Point 

presentation and are of mixed format (structure identification on cadaveric 

images, text book figures, and screen shots of 3D computer models; multiple 

choice; fill-in-the-blank; and short answer). 

 Enrolment 1.1.3

Undergraduate enrolment at Ontario’s public universities has increased steadily 

over the past decade (COU-CUO, 2014a).  Its effect has been observed in 

Systemic Human Anatomy, as registration grew from 92 students in 2001-02 to 

280 by 2011-12.  Despite physical expansion of the laboratory space to 

accommodate the growing number of undergraduates, each year students were 

waitlisted and unable to take the course.  This popular course is also required for 

several modules in the Bachelor of Medical Sciences Program at Western 

University and is a prerequisite for select allied health science programs in 

Ontario.  In 2012, a new online section was added to the course to accommodate 

wait listed students and to study outcomes of offering the course in an online 

distance format.  In this thesis, the traditional delivery format of the course will be 
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referred to as the face-to-face (F2F) format and the new distance delivery format 

will be called the online format. 

 Importance of Outcomes Assessment 1.2

As of 2012, Ontario’s public universities offered 3100 fully online courses in 

which approximately 195 000 undergraduate and graduate students are enrolled 

annually (COU-CUO, 2014b) to provide opportunities for the province’s 

increasing number of post-secondary students (COU-CUO, 2014a).  Enrolment 

in post-secondary institutions has also increased continually on the national level 

(AUCC, 2011).  It is estimated that 875 000 – 950 000 Canadian students are 

registered in an online course at any given time (Contact North, 2012). Though 

online courses expand academic options for this growing student body, it is 

important to evaluate their impact on student learning to ensure that the quality of 

higher education is maintained.  The Ontario provincial government has 

committed to the investment of $43-million (CAD) in online post-secondary 

education, beginning in 2015, through the launch of the Ontario Online Initiative 

(OMF, 2014). As part of this initiative, a central hub will be created for instructors 

to share best practices and research on optimizing online education (OMTCU, 

2014).  Few North American Institutions have published their approach to 

teaching anatomy online and the associated outcomes (Boudinot and Martin, 

2001; Limpach et al., 2008; Attardi and Rogers, 2015).  Outcomes assessment of 

Systemic Human Anatomy online, modification of the course, and reassessment 

will help guide anatomy educators in accommodating large student populations 

when faced with limited laboratory space and/or cadaveric specimens.  The 

instructional methods will also be of interest to educators of science, technology, 

engineering, and mathematics who use interactive environments to teach 3D 

concepts. 
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 Purpose of the Thesis 1.3

This thesis serves to provide a rationale for the design of a novel online anatomy 

course, describe its implementation, determine outcomes in terms of student 

academic achievement, assess student perceptions of learning anatomy in the 

online versus F2F format, assess instructor perspectives of teaching anatomy in 

an online distance format, generate theory on the strengths and weaknesses of 

the online format, and make recommendations for the future of online anatomy 

education. 
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Chapter 2  

2 Literature Review 

 Definition of Learning 2.1

Mayer (2010) defines learning as “a change in the learner’s knowledge 

attributable to experience”.   The term “knowledge” encompasses facts and 

concepts, skills (procedures and strategies), and attitudes (beliefs) (Mayer, 

2010). The learning objective for Systemic Human Anatomy is for students to 

acquire facts and concepts about human morphology and how they relate to 

function; therefore, in this thesis, “learning” refers to a change in the student’s 

understanding of anatomical facts and concepts. 

 Distance Education 2.2

 Evolving Definitions 2.2.1

Distance education describes a method of education where students do not have 

F2F contact with their teacher and can study at a time and place of their choice 

(Bates, 2005).   It is not possible to trace its exact origins temporally because the 

variations in scholars’ exact definition of distance education influence how they 

discuss its historical context (Larreamendy-Joerns and Leinhardt, 2006).  Since 

this thesis is concerned with distance education enabled by technology, only its 

recent history is outlined. 

 

Kaufman (1998) and Sumner (2000) describe three generations of distance 

education in terms of how students accessed learning materials and instructors, 

and the role that technological advancement played in the evolution of the 

generations.  The first generation of distance education, referred to at the time as 

correspondence education, involved the use of a single technology from which 

students learned.  Common forms were educational radio or television programs 

or printed materials.  There was no direct communication between students and 
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the instructor or peers.  Student assignments and feedback from the instructor 

were sent through the postal service.  In the second generation of distance 

courses, students used multimedia.   Multimedia learning refers to learning from 

words combined with pictures (Mayer and Moreno, 2003).  The words can be 

printed or spoken, and the pictures can be static or animated.  The multimedia 

learning resources were designed specifically for the purpose of distance 

education, but rarely by the instructor for the course. In the (present day) third 

generation, distance education is based on two-way communication between the 

teacher and the student.  Communication can occur between the instructor and 

groups of students, in contrast to previous generations where the instructor 

communicated with each student on an individual basis. Two way 

communications can also be facilitated between students.  As the generations 

have progressed, the dialogue between participants has increased, thus the 

learner has become more involved in the process (Kaufman, 1989). 

 

The definition of distance education continues to evolve as new communication 

technologies become available.  Simonson et al. (2011) redefined the distance 

education method as a format where individuals in the learning group are 

separated from each other, but interactive telecommunication systems are used 

to connect students and instructors with each other and with the learning 

resources. 

 Definition of Online Distance Education 2.2.2

Online courses are forms of distance courses.  In a fully online course, students 

are required to have access to a computer with internet connectivity, and they 

can participate in its entirety without having to attend any F2F sessions (Bates, 

2005).  This term is not to be confused with e-learning or computer assisted 

learning (CAL), which only require the use of a computer or telecommunication 

system for learning and may or may not involve internet connectivity (Harasim, 

2000; Bates, 2005). 
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 Moore’s Transactional Distance 2.2.3

Transactional distance is a pedagogical concept defined as a psychological 

space between the teacher and the learner in which there is a potential for 

misunderstanding (Moore, 1993).  Transactional distance cannot be directly 

measured, as it is a relative and not an absolute term.  Instead, educational 

methods can be described in terms of their effect on transactional distance.  The 

concept of transactional distance can be applied to F2F learning systems, though 

it is most commonly discussed in terms of the distance education format since 

participants are separated physically from each other. 

 

Moore (1993) defines two variables of which transactional distance is a function: 

the instructional dialogue and programme structure.  The term “dialogue” refers 

to purposeful interactions of positive quality between teachers and students.  The 

communication method directly impacts the quality of dialogue, and thus the 

transactional distance.  For example, a lesson during which communication is 

unidirectional from the teacher to the student (e.g. via audiotape) will lack 

dialogue because the media does not allow the learner to communicate back to 

the teacher.  Through careful selection of communication methods that increase 

dialogue, the transactional distance is reduced.   Moore identified other factors 

that affect dialogue such as the physical environment in which the participants 

are located, frequency and opportunity of communication, and the emotional 

status and personality of the participants. 

 

The programme structure refers to the way that educational experience is 

designed for delivery through communication media.  Highly structured programs 

are those which employ inflexible instructional media and the way that students 

use the media is predetermined.  There is no opportunity for deviation from the 

lesson to suit the needs of a particular learner.  For example, in a pre-recorded 

educational video, the words and activity of the instructor and time on task are 

fixed.  There is no opportunity for the learner to influence the course of the 

lesson.  Conversely, programs with a relatively open structure in which 
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personalized interactions can take place allow the learner to determine the 

course of the lesson.  Transactional distance decreases as the program become 

less structured. 

 Moore’s Types of Interaction 2.2.4

Moore (1989) defined the different types of interactions that occur in a distance 

education course.  Learner-content interaction refers to the process of interacting 

intellectually with the content, which results in changes of the learner’s 

understanding of the material.  The learning resources are intended to facilitate 

the learner’s interaction with the content.  Learner-instructor interaction refers to 

acts through which the expert motivates the student to learn and stimulates the 

student’s interest.  The interaction is not limited to the conventional conversation.  

The instructor may present information, demonstrate a skill, or model a specific 

attitude or value.  These three acts complement Mayer’s (2010) definition of 

knowledge (facts and concepts, skills, and attitudes or beliefs) that students 

acquire during learning.  A teacher’s influence on student learning is greater 

when there are learner-instructor interactions compared to student-content 

interactions alone.  The final type, learner-learner interaction, occurs between 

students.  Though its importance is often overlooked, this interaction can be a 

valuable resource for learning.   

 

Moore (1989) advised that when designing a distance course format, it is crucial 

that educators plan methods through which all three types of interactions can 

occur.  In a meta-analysis of 74 studies on distance courses in higher education, 

Bernard et al., (2009) conceded with this notion as it was found that increasing all 

types of interactions in general promoted better student academic achievement.   
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 Comparison of Traditional to Distance Courses 2.2.5

There is enormous variation in approaches to delivering distance courses 

(Moore, 1993; Bernard et al., 2004). There are countless tools for facilitating the 

delivery of distance courses.  The various combinations of these tools in a 

particular course, coupled with the way they are used, makes each distance 

course unique.  Bernard et al. (2004) conducted a large meta-analysis of 232 

studies comparing distance formats to their traditional formats in higher 

education. Their findings on the effects of course format on student achievement 

were inconclusive.  Due to the high variability of course delivery methods, in 

some cases the distance format was extremely effective compared to the 

traditional format and in others it was extremely ineffective.   

 

 Temporal Formats 2.2.6

A way in which all distance courses can be categorized is through the timing of 

learner-instructor and learner-learner interactions.  Synchronous communication 

in the realm of online education refers to communication between participants 

without time delay (Moore and Kearsley, 2012).  It requires participants to be 

actively learning at the same time.  In contrast, asynchronous communication is 

time lagged such that participants will respond at a time different from the original 

correspondence (Moore and Kearsley, 2012). In a smaller meta-analysis of 103 

studies, Lou et al. (2006) concluded that academic performance is identical 

between student groups when instructors teach simultaneously and 

synchronously from a traditional classroom to remote sites using audio and/or 

videoconferencing technology.  Furthermore, Bernard et al. (2009) demonstrated 

that there are no differences in student achievement when comparing 

synchronous to asynchronous distance formats. 

 



11 

 

 Anatomy Teaching Materials 2.3

 Historical Context 2.3.1

Human gross anatomy is “the examination of structures of the human that can be 

seen without a microscope” (Moore et al., 2014).  The discipline has been one of 

the most significant components of medical curricula (McLachlan and Patten, 

2006). Learning from cadavers (deceased human bodies) dates back to the 

Renaissance (14th – 17th century) (Persaud, 1984).  Dissection is the 

disassembly of cadavers with the purpose of studying their structure.  Despite 

changes to the field of medicine since the commencement of dissection, this 

learning experience has persisted into current health professional education and 

dissection is believed to be “a universally recognizable step in becoming a 

doctor” (Dyer and Thorndike, 2000).  Presently, the most common medical 

education practice is to deliver didactic lectures to introduce students to structure 

and function, followed by additional experiences (such as dissection) to 

complement the learning process (Sugand et al., 2010).   

 

The advantages and disadvantages of studying from human cadavers have been 

discussed thoroughly in the literature.  It is widely accepted by anatomy 

education scholars that hands-on cadaveric dissection experience facilitates 

understanding of anatomical structures in three dimensions (Marks, 2000; Aziz et 

al., 2002; Heylings, 2002; McLachlan and Patten, 2006; Azer and Eizenberg, 

2007; Collins, 2008; Sugand et al., 2010).  Dissection requires students to put the 

scientific method into practice as students must problem solve during the process 

(Aziz et al., 2002).  Since the task of dissecting the whole body is shared by a 

group of students, it hones team work skills (Aziz et al., 2002).  The use of 

cadavers has also been recognized for introducing students to concepts related 

to death or dying (Aziz et al., 2002; Shaffer, 2004; Tam et al., 2009), which will 

be prevalent in health care professions. Finally, since each cadaver is unique, 

working with them teaches students about human anatomical variability (Aziz et 

al., 2002; Shaffer, 2004).    
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Major factors that restrict the use of cadavers are the great financial expense 

(e.g. for preservation chemicals, embalming, facilities) and the availability of body 

donors (Aziz et al., 2002; McLachlan et al., 2004).  The act of dissection is also 

time consuming (Aziz et al., 2002).  Prosected material refers to a cadaveric 

specimen that has been expertly dissected in advance for the purpose of 

teaching others. Studying from prosections allows the learner to understand 

anatomical relationships from a real specimen without the time consuming work 

of dissection (Collins, 2008).  Prosections also maximize the use of cadavers 

when the number of body donors may be insufficient (Collins, 2008).  Use of 

prosected materials, however, has not overshadowed all of the issues 

surrounding a dissection program.  The specialized expertise required to teach 

cadaveric anatomy may be unavailable due to a decline in the number of 

anatomy graduate programs (Trelease, 2002), resulting in a shortage of trained 

anatomists (Aziz et al., 2002; Collins, 2008).  Other disadvantages of teaching 

with cadaveric materials in general include potential unsafe exposure to 

preserving chemicals (Aziz et al., 2002; McLachlan et al., 2004; Wright, 2012) 

and psychosocial ramifications in some students (e.g. evoking fear and 

anxiety)(Aziz et al., 2002; McLachlan et al., 2004). Finally, it has been argued 

that the anatomy of deceased humans does not accurately reflect the living state 

(Aziz et al., 2002; Gunderman and Wilson, 2005).   

 

Advancements in computer technology, commencing in the 1980s, provided new 

anatomy learning resources (Aziz et al., 2002; Trelease, 2002).  Following this 

revolution, around the turn of the millennium, rapid changes from the traditional 

dissection model of pedagogy were observed in medical education (McLachlan 

et al., 2004).  The necessity to rely solely on cadavers was reduced (Aziz et al., 

2002).  Novel alternatives included diagnostic imaging (Aziz et al., 2002;  

Trelease, 2002; McLachlan et al., 2004; Gunderman and Wilson, 2005; Collins, 

2008), digital images (Trelease, 2002), medical simulators (Trelease, 2002; 

McLachlan et al., 2004; Sugand et al., 2010), anatomical data sets (Spitzer et al., 
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1996); virtual reality (Trelease, 2002), and 3D anatomical computer models 

(Trelease, 2002, Sugand et al., 2010). 

 Computer Assisted Learning in Anatomy 2.3.2

Computer-aided instruction and online learning tools have also been used as 

supplementary resources in face-to-face anatomy courses at health professional 

schools (Boyce, 2012; Sugand et al., 2010; Trelease, 2015) and veterinary 

schools (Gaitskell-Phillips et al., 2012).  Online discussion forums (Choudhury 

and Gouldsborough, 2012; Durham, et al., 2009; Green and Hughes 2013; 

Green et al., 2014), which are usually an inherent feature of a learning 

management system (specialized course website software) and chat (instant 

messaging) rooms (Choudhury and Gouldsborough, 2012) have been used to 

facilitate communication among anatomy students.  More specific to the 

anatomical sciences has been the development of anatomy e-learning modules, 

where students use a website to progress through descriptive text and pictures 

(Green et al., 2006; Raynor and Iggulden, 2008), anatomical illustrations 

(Durham et al., 2009), or interactive photographs (O’Byrne et al., 2008; 

Doubleday et al., 2011). 

 

There are a number of commercially developed anatomy education software 

programs that include interactive 3-dimensional (3D) computer models of the 

body’s structures (Sugand et al., 2010). Three dimensional modelling is the 

process of acquiring measurements from a real object in three dimensions (i.e. 

length, width, and height) and using that data to produce a computer graphic of 

the object.  A true 3D virtual model exhibits interactivity such that the user can 

manipulate the model to change his or her vantage point of the model 

(Redmondino and El-Hakim, 2006).  3D anatomical computer models can be 

used in both online learning environments (Boyce, 2012; Brenton et al., 2007; 

Durham et al., 2009) or in F2F environments (Wright, 2012).  It has been 

suggested that 3D models used in conjunction with a dissection experience can 

increase learning of anatomy (Petersson et al., 2009), but it is unknown if the 
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exclusive use of 3D computer models will enhance learning in a fully online 

course.   

 Online Anatomy Courses 2.4

There are a number of fully online undergraduate courses in anatomy that can be 

found on the websites of other institutions (CVU-UVC, 2014; Education Portal, 

2014); however, very few have documented their approach to online teaching in 

the literature.  Boudinot and Martin (2001) describe an online gross anatomy 

laboratory course for undergraduate pharmacy students at the University of 

Georgia.  Online slideshows were provided to the students using ADAM 

Interactive software where students could advance through anatomical 

illustrations accompanied by text.  Students could interact with the images by 

adding or removing labels for each structure.  Limpach et al. (2008) also used a 

slideshow approach for online anatomy students in a doctor of pharmacy 

program at Creighton University.  Power Point files were provided to students on 

the course website with accompanying audio recording of the instructor giving 

the same lecture to F2F students.  Data analysis over a 3 year period revealed 

no significant differences between final grades of the online and face-to-face 

students.   

 

 Evaluation of Computer Assisted Learning in 2.5

Anatomy 

Numerous short term studies have shown that computer assisted learning (CAL) 

has been beneficial to anatomy students; however, there is a need for research 

assessing CAL over longer time periods (Tam et al., 2009).  More recent 

research describes outcomes from F2F anatomy courses that incorporated 

online CAL in the form of discussion forums (Durham, et al., 2009; Choudhury 

and Gouldsborough, 2012; Green and Hughes 2013; Green et al., 2014), chat 

(instant messaging) rooms (Choudhury and Gouldsborough, 2012), anatomy e-
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learning modules (Green et al., 2006; Raynor and Igguldent, 2008), anatomical 

illustrations (Durham et al., 2009), interactive photographs (O’Byrne et al., 2008; 

Doubleday et al., 2011), and 3D computer models (Durham et al., 2009; Wright, 

2012).   

 

Many of these studies, as well as studies on fully online anatomy courses 

(Boudinot and Martin, 2001; Limpach et al., 2008) have explored the relationship 

between online CAL and test scores.  The effect of CAL use on grades has been 

studied between groups that used the same resource but at different frequencies 

(Boudinot and Martin, 2001; Green and Hughes, 2013; Green et al., 2014), 

between  groups that used different CAL resources (Doubleday et al., 2011), 

between groups that participated in CAL and those that did not (Limpach et al., 

2006; O’Byrne et al., 2008), and by assessing performance of an entire user 

group after the implementation of CAL (Green et al., 2006; Wright, 2012). 

 

Student perceptions of the learning experience have been assessed in studies 

using surveys.  Methods for collecting student feedback included students’ 

responses to statements on Likert-type scales for agreement (Boudinot and 

Martin, 2001; Green at al., 2006; Limpach et al., 2008; O’Byrne et al., 2008; 

Durham et al., 2009; Choudhury and Gouldsborough, 2012; Wright, 2012), on 

nominal scales for given criteria (Doubleday et al., 2011) and open ended 

questions (O’Byrne et al., 2008; Wright, 2012).  A less common method for data 

collection was the analysis of student interview transcripts for recurring themes 

(Durham et al., 2009). 
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