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ABSTRACT 
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Human anatomy is a foundational subject for most health-related professions, 

traditionally taught through didactic lectures accompanied by cadaveric-based 

laboratories. The substantial costs and time associated with a dissection-based program, 

curricular reforms, and technological advances have led to an increased interest in 

developing and evaluating new teaching resources that complement this centuries-old 

science. However, most of these resources have been lengthy and designed for students 

in medical programs. Consequently, through our advanced imaging and processing 

techniques, we have created short, yet informative, high-quality cadaveric-based 

audiovisuals. Three separate studies were carried out where these audiovisuals were 

packaged, deployed, and evaluated for their efficacy before, within, and outside of the 

laboratory. Our first study investigated the impact of a short cadaveric-based introductory 

film on pre-laboratory anxiety. We found that non-medical undergraduate students 

experience a heightened anxiety state prior to their first cadaveric laboratory, with females 

self-reporting higher anxiety scores than males, and our short cadaveric-based 

introductory film is an effective tool of introducing and preparing students for their first 

cadaveric laboratory, thereby reducing this anticipatory anxiety. Our second study 

investigated the impact of a computer-assisted learning resource that demonstrated 

anatomical concepts, laboratory tasks, as well as dissection procedures and techniques, 



 

on students' subjective course experiences, approaches to learning, and academic 

performance. Although resource use did not correlate with changes in students' learning 

approaches or academic performance, students expressed higher levels of satisfaction 

with their course experiences, and together with the teaching assistants, expressed the 

importance of using the resource in the laboratory to facilitate task efficiency. Our third 

study investigated the impact of cadaveric-based airway management instructional 

videos in a respiratory therapy program. We observed improvements in students' 

fundamental knowledge of airway anatomy and their procedural technique scores. In their 

evaluation of the resource, students indicated that it was useful in connecting theory to 

practice by recognizing the importance of relevant anatomical landmarks and their 

application to clinical procedures. Our research demonstrates the utility of cadaveric-

based computer-assisted learning resources as a supplemental modality in human 

anatomy education and suggests the implementation of these resources is just as 

important as their design. 
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Chapter 1: LITERATURE REVIEW 
 

1.1 Introduction 

The study of human anatomy encompasses the study of form, structure, and 

function of the systems, organs, and tissues of the human body, at various levels. In 

contrast to histology, which is concerned with microscopic structures (e.g., tissues, cells, 

and organelles), gross anatomy is concerned with the composition, position, and 

organization of macroscopic structures (e.g., the body, organs, and organ systems). A 

strong knowledge base and understanding of human anatomy is clinically relevant and 

fundamental for many health care professionals, from massage therapists to surgeons, 

and others alike.  

Despite human anatomy education (HAE) being considered by many as the 

foundation of most healthcare-related professions (Aziz et al., 2002; Chan & Pawlina, 

2020; Greene, 2020; McLachlan & Patten, 2006; Older, 2004; Pawlina & Lachman, 2004); 

the number of curricular hours devoted to this fundamentally important science has 

declined significantly over the past century, primarily due to reallocating curricular time to 

other disciplines in the basic sciences, and the resources required for running a 

laboratory-based human anatomy course (Craig et al., 2010; Darda, 2010; Drake, 1998; 

Drake et al., 2009, 2014; Ling et al., 2008; McCrorie, 2000; Warner & Rizzolo, 2006; 

Zapffe, 1927). 

Several researchers in recent years examined the impact of the reduction in the 

time allocated for HAE, and concluded that the anatomical knowledge of recently 

graduated physicians became substandard and was even considered inadequate by 
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some, leading to lower medical education standards (H. Ellis, 2002; Leveritt et al., 2016; 

R. Singh, 2020; Sugand et al., 2010; Waterston & Stewart, 2005), and an increase in 

surgical malpractice and litigation attributed to "anatomical ignorance" (Flack & Nicholson, 

2018; Waterston & Stewart, 2005). 

Although the reduction in curricular time allotted for HAE has stabilized over the 

past two decades, the above findings, which suggest that anatomical ignorance is 

negatively affecting patient safety, have prompted increased research relevant to 

enhancing this centuries-old education (Drake et al., 2014; H. Ellis, 2002; Leveritt et al., 

2016; Older, 2004; R. Singh, 2020; Turney, 2007). While the gold standard of HAE has 

traditionally been didactic lectures accompanied by cadaveric dissections, significant 

advancements in computing and imaging technologies have led to questions being raised 

about the role technology should have in HAE (Chan & Pawlina, 2020; Flack & Nicholson, 

2018; Ghosh, 2017; Older, 2004; K. M. Patel & Moxham, 2008; A. B. Wilson et al., 2018).  

Dissection-based laboratories present a high cognitive load to students (Choi-

lundberg et al., 2016). They are required to learn new procedural skills, identify 

anatomical structures and relationships, and integrate anatomical concepts, all while 

using specialized terminology to describe these structures and their locations within the 

body (Aziz et al., 2002; Greene, 2020). It is crucial to utilize innovative technologies in 

order to maximize the use of students' limited laboratory time effectively (Bergman, 2015; 

Drake et al., 2009, 2014; Ghosh, 2017). Furthermore, other challenges such as the 

shortage of qualified anatomy faculty, and global crises such as the COVID-19 pandemic, 

have accelerated the necessity to explore new supplementary modalities (Aziz et al., 

2002; Chan & Pawlina, 2020; Gupta & Pandey, 2020). As human anatomy education 
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continues to evolve in the 21st century, dissection-based laboratories are being 

supplemented and, in some cases, replaced by innovative technologies (Aziz et al., 2002; 

Elizondo-Omaña et al., 2005; Pascoe & Betts, 2020; Rizzolo et al., 2010; Trelease, 2002; 

A. B. Wilson et al., 2018). 

1.2 Importance of Human Anatomy Education 

The decline of time allotted towards HAE has been of a growing concern (Turney, 

2007; Warner & Rizzolo, 2006). In addition to providing the building blocks of health-

related professions, HAE is considered to be the basic language of medicine (Habbal, 

2009; Older, 2004; Warner & Rizzolo, 2006). Although there exists an ongoing debate 

over the importance of dissection in human anatomy education, with both supporters and 

critics (Böckers et al., 2010; Dinsmore et al., 1999; H. Ellis, 2001; McLachlan, 2004; 

McLachlan et al., 2004a; McLachlan & Patten, 2006; Pawlina & Lachman, 2004; Topp, 

2004; A. B. Wilson et al., 2018).  

Dissection-based laboratories remain a central component of human anatomy 

education, and many consider them to be a gold standard and a necessary component 

of the subject (Rizzolo & Stewart, 2006; Romo-Barrientos et al., 2020). Through the tactile 

and sensory perception that dissection provides, students can gain a deeper 

understanding of the three-dimensional properties of the human body (Azer & Eizenberg, 

2007; Aziz et al., 2002; Flack & Nicholson, 2018; Granger, 2004; Greene, 2020; Lempp, 

2005; Ramsey-stewart et al., 2010). Furthermore, the dissection laboratory provides 

students with the opportunity to learn about anatomical variation through exposure to 

multiple donors (Aziz et al., 2002; Flack & Nicholson, 2018; Ghosh, 2017; Granger, 2004; 

Korf et al., 2008). In addition to promoting active learning, dissection-based laboratories 
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help students integrate and reinforce the theoretical knowledge and concepts acquired in 

the classroom, thereby promoting a deeper level of understanding (Ghosh, 2017; Greene, 

2020; Korf et al., 2008; Topp, 2004). Dissection-based laboratories further encourage 

teamwork and leadership among students as they dissect within their assigned laboratory 

groups (Aziz et al., 2002; Flack & Nicholson, 2018; Lachman & Pawlina, 2006; Lempp, 

2005; Raftery, 2007; Rizzolo & Stewart, 2006; Romo-Barrientos et al., 2020; V. Singh & 

Kharb, 2013). As a rite of passage into the field of medicine, dissection affords students 

with the opportunity to be exposed to unique experiences and reflect upon them in ways 

that encourage the development of professional skills (Cahill & Ettarh, 2009; Crowe et al., 

2008; Dosani & Neuberger, 2016; Dyer & Thorndike, 2000; Flack & Nicholson, 2018; 

Gunderman & Wilson, 2005). In addition, these laboratories provide students with their 

first professional contact with death, offering an opportunity for them to confront and learn 

how to handle the concept of death and dying (Aziz et al., 2002; Boeckers & Boeckers, 

2016; Dickinson et al., 1997; Dyer & Thorndike, 2000; H. Ellis, 2001; Hafferty, 1991; Kotzé 

& Mole, 2013; Marks et al., 1997; Romo Barrientos et al., 2019). Moreover, the cadaver 

is often regarded as students' first patient, which allows them to develop respect and 

professionalism, improving future relationships with patients (Aziz et al., 2002; Granger, 

2004; Lachman & Pawlina, 2006; Pawlina & Lachman, 2004). Furthermore, dissection 

has been commended for exposing students to medical procedures without exposing 

them to the risks involved with operating on live patients (Azer & Eizenberg, 2007; Flack 

& Nicholson, 2018; Ghosh, 2017; Gogalniceanu et al., 2008; Reidenberg & Laitman, 

2002; Turney, 2007). It is crucial to teach the fundamental principles of anatomy early in 

the course of medical training (Sugand et al., 2010). This will allow the student to further 
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develop their knowledge and skills as they progress through the course. In fact, most 

professional health programs require students to complete a course in gross human 

anatomy in the first semester of their first year (Drake et al., 2009; Rizzolo et al., 2010; 

Sugand et al., 2010).  

1.3 Challenges and Changes to HAE Over the Century 

1.3.1 Curricular Impact on Human Anatomy Education: 

Historically, human anatomy constituted the cornerstone of medical education, 

irrespective of nation or specialty (Ghosh, 2017; R. Singh, 2020; Sugand et al., 2010; 

Wright, 2012). In the United States, preclinical education was defined solely by the study 

of anatomy (Bardeen, 1905). One fifth of the medical curriculum was devoted to studying 

human anatomy in 1909, comprising more than 1000 hours of laboratory and lecture time 

(Bardeen, 1909; Eldred & Eldred, 1961). Nevertheless, following the publication of the 

Flexner report (1910), significant changes were made (Flexner, 1910). In response to the 

increased importance of basic science disciplines, Flexner proposed separating 

preclinical and clinical studies, limiting medical school admissions to individuals who have 

studied basic sciences for two years or more at the university or college level (Drake et 

al., 2009; Duffy, 2011; Flexner, 1910). Accordingly, in 1923 the American Association of 

Medical Colleges (AAMC) recommended a reduction in the hours allotted to the human 

anatomy curriculum, suggesting 471 to 814 hours (Eldred & Eldred, 1961). On the basis 

of the AAMC report of 1923, Zapffe (1927) proposed integrating the anatomy curriculum 

into the four years of the medical curriculum and reducing the total number of hours spent 

on anatomy to 566 hours (Zapffe, 1927). In the period between 1930 and 1990, the 
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number of hours allotted to studying human anatomy continued to rapidly decrease 

(McCrorie, 2000).  

In the early 1980s, McMaster University (Hamilton, Ontario, Canada) played a 

significant role in reforming the human anatomy curriculum. Contemporary medical 

education has been described as an overloaded curriculum that consists of a lot of 

memorization, clinically unrelated facts, didactic lectures that are taught based on the 

instructor's personal style, passive learning, and students lacked communication with 

patients (Bay et al., 2020; Spaulding, 1969). A new core curriculum for general medicine 

has been introduced. Case studies were used to promote small group problem-based 

learning (PBL), which was facilitated by instructors who utilized the latest advancements 

in technology, such as the use of PowerPoint and virtual patients. Consequently, the 

amount of time allotted to human anatomy education had decreased by 50% as compared 

to 25 years ago (Bay et al., 2020; Older, 2004).  

In recent years, there has been a significant shift from a conventional subject-

based approach to a multi-subject integrated approach (E. O. Johnson et al., 2012; Ling 

et al., 2008; Schmidt, 1998). With the increasing amount of new material to be taught to 

students, less time is spent on core topics such as human anatomy (Darda, 2010; 

Dinsmore et al., 1999). In addition, the human anatomy curriculum is now more oriented 

toward PBL (Bay et al., 2020; Bergman, 2015; R. Singh, 2020). Further, course 

instructors have been pressured to devote less time to anatomy and more time to applied 

clinical teaching, despite students' preference for longer anatomy courses (Drake, 1998; 

Holla et al., 2009; Warner & Rizzolo, 2006).   
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1.3.2 Resource Impact of Human Anatomy Education  

The traditional aspect of the human anatomy pedagogy, often viewed as the gold 

standard,  involves didactic lectures accompanied by cadaveric-based dissection 

laboratories (Sugand et al., 2010). Academic institutions, however, face a range of 

challenges associated with dissection-based laboratories. At the forefront are the costs, 

resources, and logistical issues associated with a cadaveric-based human anatomy 

course (Wright, 2012). Cadavers are not always readily available due to a shortage of 

body donations as well as the time required for preservation. A cadaveric facility has high 

costs associated with the preparation and maintenance of cadavers, as well as the need 

for storage, security, and legal considerations, and the time required by staff to maintain 

and run such a facility (Flack & Nicholson, 2018; Ghosh, 2017; McLachlan et al., 2004a; 

McLachlan & Patten, 2006; Wright, 2012). Institutions are also challenged by the shortage 

of qualified faculty to teach cadaveric-based human anatomy courses (Dyer & Thorndike, 

2000; Flack & Nicholson, 2018; McLachlan et al., 2004a; McLachlan & Patten, 2006; K. 

J. Thomas et al., 2011). The safety of students and employees is also a major concern 

that affects the availability of cadaveric laboratories. When handling cadavers, legal 

implications and potential health hazards must be considered, such as the risk of 

exposure or transmission of cadaveric pathogens or viral infections such as COVID19 

(Gupta & Pandey, 2020; McLachlan & Patten, 2006; Mingorance et al., 2021; Raja & 

Sultana, 2012; Wright, 2012). In 2011, the National Toxicology Program concluded that 

formaldehyde, the substance used in the preservation of cadavers, is a carcinogen (NTP, 

2011). Exposure to formaldehyde can cause symptoms even at very low levels of 0.08 to 

0.1 ppm (Ritchie & Lehnen, 1987). In many institutions, these levels have been exceeded, 
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resulting in an increased concern for safety and the requirement for the adoption of costly 

solutions, such as effective ventilation systems or alternative embalming techniques 

(Wright, 2012). 

The reduction in time allocated to human anatomy education, as well as the 

challenges associated with cadaveric-based laboratories, required leaders in academic 

medicine to embrace changes in curriculum (Drake et al., 2009). Many institutions have 

opted to supplement the reduced laboratory component with prosections, plastic models, 

and other innovative multimedia aids, while others have eliminated the dissection 

component and replaced it with other learning methods (Chung et al., 2013; Drake et al., 

2002, 2009; Greene, 2020; Gupta & Pandey, 2020; Hildebrandt, 2010; Mayer, 2020; 

McLachlan et al., 2004a; McLachlan & Patten, 2006; Older, 2004; Pascoe & Betts, 2020; 

Reidenberg & Laitman, 2002; Rizzolo et al., 2010; Sugand et al., 2010; Trelease et al., 

2020; A. B. Wilson et al., 2018; Winkelmann, 2007; Wright, 2012).  

1.3.3 Negative Impact of Reduced Human Anatomy Education 

The decline in time allotted for HAE has been documented extensively in the past 

half a century (Figure 1.1) (Berry et al., 1956; Blevins & Cahill, 1973; Cahill & Ettarh, 2009; 

Drake et al., 2002, 2009, 2014; Gartner, 2003; Kahn et al., 1966; McBride & Drake, 2018; 

Reid, 1931; Rockarts et al., 2020). A extensive survey of American medical schools found 

that gross anatomy hours decreased from 248.7 hours in 1973 (lecture hours: 57.9 ± 39.9; 

laboratory hours: 190.7 ± 67, n = 50) to 143.6 hours in 2001 (lecture hours: 46.6 ± 15.8; 

laboratory hours: 99.5 ± 23.1, n = 21) (Gartner, 2003). In a more recent survey series of 

American medical schools aimed at examining the changes in HAE curricular hours, the 

total hours allotted for HAE were reported to have decreased from 167 hours in 2002 to 
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129 hours in 2017. Interestingly, although laboratory hours continued to experience a 

reduction (2014 laboratory hours: 91 ± 27, n = 55; 2017 laboratory hours: 76 ± 31, n = 

66), lecture hours appear to have slightly increased (2014 lecture hours: 41 ± 24, n = 55; 

2017 lecture hours: 51± 38, n = 66). Combined data from American and Canadian 

institutes suggest that from 1973 to 2017, lecture hours did not decrease significantly. 

Nevertheless, laboratory hours dropped significantly from 1967 to 1995, slowing down 

into a plateau through the 21st century (Figure 1.2). The researchers concluded that any 

further reduction to course hours would most likely come at the expense of the student’s 

dissection experience (Drake et al., 2002, 2009). 

 

Figure 1.1: Average total hours allotted for gross anatomy education from 1931 to 2020. 
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Figure 1.2: Average total gross anatomy lecture and laboratory hours from 1967 to 2020. 

A reduction in the amount of time and resources allocated to human anatomy has 

been shown to significantly affect students' knowledge (Flack & Nicholson, 2018; Hajj et 

al., 2015). Holla et al., (2009) surveyed students at medical schools in India. The 

researcher found that students who completed longer anatomy courses (18 months and 

915 hours) gained a better knowledge of gross anatomy than their counterparts (12 

months and 671 hours). Moreover, the researchers noted that students who participated 

in the longer courses were more aware of the importance of clinical relevance in 

anatomical instruction and dissection (Holla et al., 2009). Educators, clinicians, 

and students have also expressed concern about the adequacy of anatomical knowledge 

among new medical graduates (Fitzgerald et al., 2008; Flack & Nicholson, 2018; Hajj et 

al., 2015; E. O. Johnson et al., 2012; McKeown et al., 2003; Mitchell & Batty, 2009; Prince 

et al., 2005; Ramsey-stewart et al., 2010; Turney, 2007; Waterston & Stewart, 2005). The 
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providers with quality anatomy, leading to misdiagnosis and possibly malpractice (Habbal, 

2009; Older, 2004). 

In institutions that have reduced or eliminated dissection from HAE, students' 

anatomical knowledge has been negatively affected, resulting in junior health 

practitioners who lack an adequate anatomical foundation for safe clinical practice 

(DiLullo et al., 2006; H. Ellis, 2002; Flack & Nicholson, 2018; Kerby et al., 2011; Sugand 

et al., 2010; A. B. Wilson et al., 2018; Wright, 2012). Today, many surgeons are super-

specialized, which means that they specialize within a specialty. Anatomical details that 

were previously considered to be minor are now considered important. However, the 

foundation required for producing a super-specialized surgeon does not reflect the 

amount of time allotted today for anatomy education (Pawlina & Lachman, 2004; Sugand 

et al., 2010). Several studies have demonstrated the detrimental effects of reduced 

anatomical education. There has been a 700% increase in anatomical error-related 

claims submitted to the Medical Defense Union in the United Kingdom between 1995 and 

2000 (H. Ellis, 2002). Furthermore, researchers have linked the steadily growing number 

of surgical malpractice suits to the "anatomical ignorance" of medical graduates 

(Waterston & Stewart, 2005). It is becoming increasingly important to provide tools to 

supplement the curriculum and improve laboratory efficiency in order to provide the same 

level of education with fewer resources (DiLullo et al., 2006). As human anatomy is a 

colossal subject that cannot be adequately taught using only one modality within a short 

period of time, several teaching methods should be incorporated (Hildebrandt, 2010; 

Regan de Bere & Mattick, 2010). 
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1.4 Multimodal Approach of Teaching Human Anatomy 

The conventional subject-based approach has been largely replaced by the multi-

subject integrated approach in recent years (Ling et al., 2008). In light of the growing 

amount of new content that is required to be taught to students, the amount of time spent 

teaching core subjects such as human anatomy is decreasing, which leaves institutions 

with little choice but to adapt new curriculum and pedagogies (Dinsmore et al., 1999; 

Drake et al., 2009). Similar to any other taught module, the study of human anatomy must 

be continually re-examined and revised to demonstrate competency (Moxham & Plaisant, 

2007; Pabst, 2002; Sugand et al., 2010). Increasingly, medical schools are utilizing a 

multimodal approach to teach human anatomy (Sugand et al., 2010; A. B. Wilson et al., 

2018). A mixed economy of teaching methods has been widely accepted as the best 

method of delivering learning materials (Regan de Bere & Mattick, 2010).  

Considering curricula changes, technological advancements in imaging and 

computing, and the various modalities adapted by varying institutions, it is no longer 

possible to teach human anatomy in a uniform manner, with separate departmental 

cultures and frameworks (Pabst, 2002; V. Singh & Kharb, 2013; A. B. Wilson et al., 2018). 

Several studies and reviews have been conducted on the different approaches to 

teaching anatomy, but due to this non-uniformity, no clear best approach has emerged 

(Böckers et al., 2010; Mingorance et al., 2021; V. Singh & Kharb, 2013; adam benjamin 

Wilson, 2009; A. B. Wilson et al., 2018). Though laboratories involving cadaveric-

dissections and prosections continue to be the most widely used modality in HAE, recent 

technological advances have led to the creation and use of other modalities such as 

plastinated cadaveric specimens, audiovisual resources, 3D computer models, and 
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virtual reality models (Albabish et al., 2018b; Albabish & Jadeski, 2018; Codd & 

Choudhury, 2011; Keedy et al., 2011; Latorre et al., 2007; Seo et al., 2017; Weber et al., 

2012; Williams et al., 2019; A. B. Wilson et al., 2018).  

In a recent report by the Association of American Medical Colleges (AAMC), 

"Resources for Learning Anatomy", survey data concerning resources used in gross 

anatomy programs in the United States and Canada were presented (Mintz, 2016). Of 

the 135 schools in Canada and the United States that responded to the survey for the 

2012-2013 academic year, 97.8% indicated the use of cadaveric dissections, 88.1% 

indicated the use of prosections, 50.4% indicated the use of plastinated specimens, 

77.0% indicated the use of anatomical models/simulators, and 80.7% indicated the use 

of virtual/online anatomical manuals (Mintz, 2016). Interestingly, in a similar survey 

administered four years later, during the 2016-2017 academic year, data from 143 

schools show a reduction in the use of cadaveric dissections by 2% (95.8%), a reduction 

in the use of prosections by 4.2% (83.9%), a rise in the use of plastinated specimens by 

25.9% (76.22%), a reduction in the use of anatomical models/simulators by 22.5% 

(54.6%), and a rise in the use of virtual/online anatomical manuals by 15.8% (96.50%) 

(Mintz, 2016). Based on these findings, most schools appear to use a hybrid of dissection- 

and prosection-based laboratories as part of their gross anatomy curriculum; in addition, 

digital modules as a complementary laboratory tool have become increasingly popular 

(Mintz, 2016; A. Wilson, 2009).   

1.4.1 Cadaveric Dissections 

For most institutions, didactic lectures supplemented by dissection-based 

laboratories remain the standard method of teaching human anatomy (Korf et al., 2008; 
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A. B. Wilson et al., 2018). Throughout the history of human anatomy education, dissection 

has been an integral part of this science. As a matter of fact, the term anatomy describes 

the act of dissection (Greek: ana- = "up" and tome = "to cut"). As part of the dissection 

process, students work in small groups to remove skin, fat, and fascia in order to expose 

the underlying structures and their associated relationships, as discussed in lectures. 

Depending on the region, structures of interest may include muscles, their attachments, 

actions, innervation, and blood supply. During cadaveric dissections, active observation 

and participation allows students to gain a deeper understanding of the three-dimensional 

(3D) structures through curiosity and self-exploration, while promoting attitudes toward 

professionalism, psychological development, and group work (Aziz et al., 2002; Boeckers 

& Boeckers, 2016; Cahill & Ettarh, 2009; J. P. Collins, 2008; Dosani & Neuberger, 2016; 

Flack & Nicholson, 2018; Ghosh, 2017; Gunderman & Wilson, 2005; Gupta & Pandey, 

2020; Lachman & Pawlina, 2006; Romo Barrientos et al., 2019; Romo-Barrientos et al., 

2020). As a matter of fact, many institutions that had eliminated dissection-based 

anatomy only reintroduced it after observing its adverse effects on student knowledge 

(DiLullo et al., 2006; Greene, 2020; Ramsey-stewart et al., 2010; Rizzolo & Stewart, 

2006).  

The dissection-based approach to HAE not only poses challenges to the 

educational institution, but also to students. Generally, students' first encounter with death 

and the concept of dying occurs in the dissection laboratory, and is associated with 

negative emotional responses, manifested as elevated anxiety  (Albabish et al., 2018a; 

L. A. Arráez-Aybar et al., 2004; Bati et al., 2013; Dickinson et al., 1997; Evans & 

Fitzgibbon, 1992; Ghosh, 2017; Iaconisi et al., 2019; Romo-Barrientos et al., 2020; 
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Wisenden et al., 2018). As a subject, HAE is also one with a high degree of cognitive 

load, particularly in the laboratory setting  (Choi-lundberg et al., 2016; Greene, 2020; 

Langfield et al., 2018; Romo Barrientos et al., 2019). Aside from learning a large amount 

of new information about anatomical structures, relationships, and concepts, students 

must also learn the unique language of medical terminology, all while undergoing a 

significant amount of learning curves to acquire new psychomotor techniques and skills 

necessary to perform successful dissections. (Aziz et al., 2002; DiLullo et al., 2006; Flack 

& Nicholson, 2018; Inwood & Ahmad, 2005). With increasingly large class sizes and 

limited resources, students may not have immediate access to guidance and direction 

from teaching assistants within the laboratory, especially at the beginning of the semester, 

resulting in poor dissection quality and irreversible damage to structures. (Bergman, 

2015; DiLullo et al., 2006; Inwood & Ahmad, 2005). Consequently, students do not only 

have a poor view of the anatomical structure and relationships of interest, but they also 

suffer from a loss of self-efficacy, which ultimately leads to a poor learning experience 

(Choi-lundberg et al., 2016; Greene, 2020; Langfield et al., 2018; Maddux, 1995). As a 

result, it is imperative that dissection-based laboratories be supplemented with other 

teaching modalities in order to enhance students' educational experiences. 

1.4.2 Cadaveric Prosections 

Cadaveric prosections are the most commonly used modality in HAE, often 

supplementing dissection-based laboratories (Dinsmore et al., 1999; Mintz, 2016; Topp, 

2004; Williams et al., 2019; A. B. Wilson et al., 2018). Cadaveric prosections are 

specimens that have already been dissected, usually by a teaching staff member or 

laboratory technician, in order to demonstrate structures of interest that students would 
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typically look for during their dissections. Cadaveric prosections are often praised for 

eliminating the laborious dissection process students are typically required to undergo, 

thus allowing them more time to review other course material. Moreover, many students 

prefer prosection laboratories because they consider them to be more time efficient, 

enabling them to skip the laborious dissection process and concentrate on learning the 

content in(Dinsmore et al., 1999). In addition, as prosections tend to be professionally 

dissected by teaching staff, they tend to show a clearer example of structures and their 

associated relationships, all while avoiding distracting visuals attributed to novice 

dissecting skills, thereby reducing the cognitive load required in order to learn the 

information (Mayer, 2020). Furthermore, unlike dissection-based laboratories which 

require cadaveric donors every year, prosected specimens, if correctly preserved and 

maintained, may be used year after year, thereby reducing program costs and resources. 

As a result of the time and cost benefits associated with prosection-based laboratories, 

one of the largest debates within the HAE field has been whether the learning experience 

is best provided by dissection-based laboratories or prosection-based laboratories, a 

topic beyond the scope of this literature review (Azer & Eizenberg, 2007; Dinsmore et al., 

1999; Elizondo-Omaña et al., 2005; Granger, 2004; McLachlan et al., 2004a; Older, 2004; 

Pawlina & Lachman, 2004; Rizzolo & Stewart, 2006; Topp, 2004; Turney, 2007; A. B. 

Wilson et al., 2018; Winkelmann, 2007)(Azer & Eizenberg, 2007; Dinsmore et al., 1999; 

Elizondo-Omaña et al., 2005; Granger, 2004; McLachlan et al., 2004a; Older, 2004; 

Pawlina & Lachman, 2004; Rizzolo & Stewart, 2006; Topp, 2004; Turney, 2007; A. B. 

Wilson et al., 2018; Winkelmann, 2007). Although many universities rely on either 

dissection- or prosection-based laboratories, some hybrid programs integrate prosections 
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into the dissection laboratory in order to supplement the students’ educational experience 

(A. B. Wilson et al., 2018).   

1.4.3 Cadaveric Plastinations 

Plastination is a relatively new technique for tissue preservation, and plastinated 

specimens are gaining popularity in the gross anatomy laboratory as a supplemental 

modality (Mintz, 2016). Pioneered by von Hagens, it is a method where specimens are 

fixed using polymers such as polyester, silicon, or resin (von Hagens et al., 1987). The 

process of plastination produces robust, dry, odorless, and lifelike specimens which are 

relatively durable in comparison with their counterparts (Latorre et al., 2007).  Plastination 

also eliminates the safety concerns associated with the use of cadavers that are fixated 

with formaldehyde (Older, 2004). Often plastinated specimens are professionally 

dissected, therefore, they are similar to prosected specimens in that they also allow 

students to focus on important anatomical structures, relationships, and concepts. A 

number of universities have adopted plastinated specimens for use in their curricula 

(Sugand et al., 2010). Latorre et al. (2007) conducted a study that demonstrated high 

satisfaction rates when plastinated specimens were used. However, the researchers 

concluded that although a positive outcome of using plastinated specimens was 

observed, plastinated specimens should be used as an aid to traditional dissection, 

allowing for a full appreciation of the interaction between body systems and to understand 

the body as a whole (Latorre et al., 2007). 

1.4.4 Computer Assisted Learning 

In recent years, the tools and methods available to practice and teach anatomy 

have evolved from direct observation, to manual illustrations, and now computer-based 
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imaging devices (Trelease, 2002). Due to recent advances in computer and imaging 

technologies capable of producing high quality audiovisual materials, cadaveric-based 

computer-assisted learning (CAL) resources have been developed to address many of 

the problems associated with dissection-based laboratories (Pascoe & Betts, 2020; A. B. 

Wilson et al., 2018). In many cases, these CAL resources are intended to supplement 

dissection-based laboratories by demonstrating dissection tasks, procedures, and 

techniques, or by assisting students in identifying anatomical structures and relationships 

(Aziz et al., 2002; Shaffer, 2004). Occasionally, these resources may be designed in order 

to replace a portion of a laboratory dissection entirely (Choi-lundberg et al., 2016; DiLullo 

et al., 2006; Granger & Calleson, 2007; Greene, 2020; Inwood & Ahmad, 2005; Langfield 

et al., 2018; Mahmud et al., 2011; Saxena et al., 2008; Topping, 2014). There have been 

instances where cadaveric-based audiovisual materials have been developed in order to 

impart respect and professionalism towards the donor, as well as to reduce the 

heightened anxiety associated with students’ experience prior to their first cadaveric 

laboratory (Chapter 4) (Albabish et al., 2018a; Casado et al., 2012; Iaconisi et al., 2019). 

Recognizing the major impact technology has on Anatomy, the researcher termed the 

utilization of technology in anatomical education as “Anatomical Informatics” (Trelease, 

2002). On the basis of current trends, technologically based interactive approaches such 

as E-learning are recommended as a supplemental modality in HAE (Philip et al., 2008).  

1.5 Anatomical Informatics 

1.5.1 E-learning 

E-learning is the new frontier in educational delivery. As well as standing for 

Electronic-learning, the "E" in E-learning stands for exciting, energetic, enthusiastic, 
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emotional, extended, excellent, and educational (Luskin, 2002). E-learning can be 

described in a variety of ways: auditory, as in audio podcasts, visual, as in 3D electronic 

atlases, or audiovisual (AV) as in videos (Philip et al., 2008). E-learning is often referred 

to by a variety of terms depending on its form of delivery, such as computer-based training 

(CBT), computer-assisted instruction (CAI), computer-assisted learning (CAL), and 

computerized learning packages (CLPs). 

The concept of e-learning originated in the 1960s but was not practical or popular 

at the time. In the late 1980s, e-learning began to draw attention, with some institutions, 

such as the University of Guelph, developing their own E-learning courses in the mid-

1980s (Mason & Kaye, 1989). It was not until the 1990s that E-Learning became widely 

popular as a result of the advent of the Internet and rapid technological advancements. 

According to Moore's Law (Moore, 1998), every 18 months the number of transistors that 

can be placed on an integrated circuit doubles, increasing the speed of computing 

(Schaller, 1997). Therefore, with the continuous and exponential advancement of 

technology, computers and image capturing devices are becoming more powerful and 

affordable, allowing ease of implementation in education, particularly in medical education 

(Ghosh, 2017; Pawlina & Lachman, 2004; Trelease, 2002). 

1.5.1.1 E-Learning, Traditional Learning, or Blended Learning? 

Increasingly, academic institutions are focusing on small group PBL to 

complement the evolution of the medical curriculum. While PBL is delivered through 

traditional learning methods (TL) such as face-to-face learning (F2FL). Unfortunately, due 

to limited time and resources, F2FL is difficult to maintain, resulting in fewer hours spent 

in the classroom and the laboratory. Alternative methods such as E-learning have 
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emerged, reducing the burden on resources while allowing subjects such as human 

anatomy to be taught independently using CAL resources (Casado et al., 2012; Funke et 

al., 2013; Greene, 2020; Mayer, 2020; Ruiz et al., 2006; Svirko & Mellanby, 2008; Weber 

et al., 2012). E-learning is the method of delivering and presenting the learning material 

using digital media (Funke et al., 2013), while blended learning (BL) is a combination of 

E-learning and TL or F2FL, which has been shown to have the greatest impact on the 

student’s learning (Biasutto et al., 2006; Funke et al., 2013; Kish et al., 2013; Pereira et 

al., 2007). 

In a study that examined the effectiveness of combining web-based E-learning 

surgery simulation modules with TL, significant positive effects on student learning were 

found, suggesting BL approaches to be used in medical teaching (Funke et al., 2013). A 

similar study indicated that E-learning had a positive impact on students only when used 

in conjunction with dissection-based anatomy, which concluded the importance of 

exploring new media to complement dissection-based anatomy (Biasutto et al., 

2006).  Pereira et al., (2007) examined the effectiveness of using BL when teaching 

human anatomy compared to traditional learning (TL). The researchers found a significant 

difference in test scores between the BL group and the group that did not use BL (87.9% 

BL versus 71.4% TL, p = 0.02). As a result of the study, researchers concluded that E-

learning is effective when used in conjunction with a BL approach (Pereira et al., 2007).  

As part of another study exploring E-learning and BL, the Anatomy Department at the 

University of Debrecen's Faculty of Medicine (Hungary) introduced a computer-assisted 

gross anatomy elective in 2008. The course was a PBL, low budget, E-learning course 

that features a large visual component, with anatomical digital images and clinical cases. 
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Students who chose to enroll in the elective course significantly improved their 

performance scores on the core anatomy oral examination, demonstrating that E-learning 

can play a significant role in improving anatomy education (Kish et al., 2013).  

1.5.1.2 E-learning in the Laboratory 

A quality dissection is essential to learning the most from a cadaveric dissection, 

particularly in terms of the depth, location, and relationships of structures of interest. 

However, the majority of students entering an anatomy course have no prior dissection 

experience, and becoming a great dissector requires time and practice (DiLullo et al., 

2006). Unfortunately, due to reduced time allotted to HAE, including supervised 

laboratory time, students are expected to complete these intricate dissections in a very 

short time period. Students often resort to dissecting without supervision, which may 

result in the students damaging important structures that they require to gain a greater 

understanding of the region (DiLullo et al., 2006). E-learning tools, such as AV 

instructional videos, allow students to maximize their time in the limited laboratory period 

by being prepared and aware of what dissection procedures and techniques are required 

in order to complete specific tasks (Chapter 5) (J. P. Collins, 2008; DiLullo et al., 2006). 

Several studies have demonstrated the success of e-learning in the laboratory 

environment. The University of North Texas Health Science Center developed and 

implemented a CAL dissection manual into the human anatomy laboratory to combat the 

reduction in laboratory teaching hours by increasing the efficiency of dissection in the 

laboratory (Reeves et al., 2004). The CAL resource which was made available at each 

dissection station included various types of media, such as text, images of prosections 

and cross-sections, radiographs, CT scans and histology. Results demonstrated that the 
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implementation of E-learning in the laboratory has significantly enhanced the 

independence and proficiency of the students, as well as improved the efficiency of the 

dissection process and the quality of laboratory instructions by faculty. Researchers 

remain strong proponents of cadaveric dissection, suggesting that E-learning should only 

be used to facilitate the study of human anatomy (Reeves et al., 2004). Weber et al., 

(2013) demonstrated that E-learning modules are effectiveness and budget friendly. The 

researchers developed "The Virtual Anatomy Lab", an interactive audio-visual program 

that incorporates an interactive pedagogical agent called "eDemostrator". As a virtual 

agent, the eDemostrator was found to increase student engagement and motivation, 

resulting in a more enjoyable learning experience. The researchers concluded that the 

low-cost project ($12,000 CDN) would help students learn human anatomy (Weber et al., 

2012) 

1.5.2 Audiovisual Material 

AV material is a teaching modality that falls under E-learning and has long been 

recognized as an important and useful method of promoting and educating students, 

postgraduates, and even medical professionals (Casado et al., 2012). Through the use 

of the appropriate methodological framework, AV material can facilitate self-directed 

learning (Casado et al., 2012; DiLullo et al., 2006; Greene, 2020; Langfield et al., 2018; 

Saxena et al., 2008). AV material consists of auditory information, such as spoken words, 

and visual information, such as still images, graphics, and moving images. AV material is 

processed in two separate and non-conflicting channels in accordance with the cognitive 

theory of multimedia learning (CTML) (Mayer, 2005). Spoken words enter the sensory 

memory through the ears, while visuals enter the sensory memory through the eyes. As 
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spoken words and images are actively processed in the working memory of the learner, 

they are organized into verbal and pictorial models, which are then integrated with prior 

knowledge from long-term memory (Mayer, 2005, 2009, 2019, 2020; Mayer & Moreno, 

2003). Therefore, the use of AV material and following the principals of multimedia 

learning in order to avoid cognitive overload while emphasizing key points in both the 

visual and auditory form results in better understanding and retention of the material 

(Mayer, 2005; Mayer & Moreno, 2003). 

The adoption of AV material in the human anatomy curriculum has been influenced 

by many factors, including the reduction of the hours allocated for HAE, and the shortage 

of human anatomy instructors (Casado et al., 2012; Drake & Pawlina, 2014; Greene, 

2020; McBride & Drake, 2018; A. B. Wilson et al., 2018). Furthermore, the advancements 

in technology, affordability, and accessibility of computer and imaging tools, as well as 

their demonstrated educational benefits, have all contributed to the rapid growth of this 

this modality (Chan & Pawlina, 2020; Hulme & Strkalj, 2017; Moro et al., 2017). 

Recent technological advancements have made it possible to acquire high-

definition AV material, including high-definition videos of microscopic and macroscopic 

anatomy at an affordable cost (Ghosh, 2017; Trelease, 2002). In addition, integrating AV 

materials into the curriculum using E-learning is very cost-effective for the institution, as 

well as easing the burden of students who typically are required to purchase multiple 

textbooks, atlases, and laboratory manuals (Casado et al., 2012; Darda, 2010; Trelease, 

2002). AV material is not only financially accessible, but it is also physically accessible, 

as there are several effective and efficient delivery methods available. It is possible to 

view AV material in classrooms and laboratories through computers, projectors, and other 
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means. Students may also view the material remotely, off-campus, using a variety of 

Internet based delivery methods, including the use of native institution-based E-learning 

platforms, file sharing websites, and even video-sharing sites such as YouTube to view 

the content on their personal computer or mobile device (Bridge et al., 2009; DiLullo et 

al., 2006; Jaffar, 2012; Romanov & Nevgi, 2007; Saxena et al., 2008; Senchina, 2011).  

The use of instructional AV material may promote self-directed learning and reduce 

students' dependence on faculty, thus alleviating the shortage of qualified instructors for 

human anatomy (Flack & Nicholson, 2018; McCuskey et al., 2005). Additionally, 

instructional AV material offers procedural learning to the audience, a vital aspect of 

dissection. Procedural learning is defined as “psychomotor skill acquisition about how-to-

do something through step-by-step procedural instructions”, an example would be an 

instructional dissection techniques video (Casado et al., 2012; J. A. Ellis et al., 1996; Lee 

& Lehto, 2013). Furthermore, introducing instructional AV material prior to learning the 

new material stimulates the activation of the previously acquired knowledge and cognitive 

structure related to the new material (Sweller, 1994; Sweller et al., 1998; Woolfolk, 

2004). As well, AV materials are useful in conveying professionalism and respect in 

laboratories (Dosani & Neuberger, 2016; Greene, 2020; Kostas et al., 2007; Senchina, 

2011).  

1.5.2.1 AV Material: Laboratory Use 

Dissection-based AV material has been shown to be an effective modality to 

prepare students for laboratory tasks, improve laboratory efficiency, and ultimately 

improve the laboratory experience in HAE (Chung et al., 2013; Granger & Calleson, 2007; 

Greene, 2020; Romanov & Nevgi, 2007). To facilitate the independent work of medical 
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students in a gross anatomy laboratory and improve their dissection techniques, 

efficiency, and prevent irreversible structural damage, Dilullo et al., (2006) produced 

dissection-based instructional AV material. Materials were aptly matched to the course 

curricula and addressed laboratory tasks, with particular emphasis on identifying 

structures, landmarks, and relationships while dissecting. Most students highly agreed 

that dissection-based AV material enhanced their familiarity with dissection techniques, 

prepared them for laboratory dissections, and facilitated their preparation for quizzes and 

examinations. In addition, students indicated that dissection-based AV material 

enhanced their ability to recognize anatomical structures in the laboratory, by allowing 

them to visualize what specific structures look like, the depth to which they can be seen, 

and the relationship between them. The researcher concluded that the dissection-based 

AV series enhanced both the overall quality of the human anatomy course and individual 

student performance (DiLullo et al., 2006). In another study, dissection-based AV 

materials were used to prepare students for the laboratory objectives, and to identify and 

understand main structures and their associated relationships. AV material was designed 

to parallel the instructions adapted from the human anatomy textbook, highlighting 

specific structures and dissection techniques. Study results indicate that the 

instructional AV material videos improved anatomy examination performance by 3.4% (P 

= 0.007). The resource was also noticed to be primarily used for pre-laboratory 

preparation, which maximized the learning and efficiency of students in the 

laboratory. Research findings indicate that dissection-based AV materials designed to 

review laboratory objectives, are a useful resource, which can enhance student learning 

(Saxena et al., 2008). Although instructional dissection videos have received favorable 
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reviews from many researchers, some claim that they fail to improve test scores; however, 

they are still highly regarded by students (Mahmud et al., 2011). 

1.5.2.2 AV Material: Online Use 

The use of online videos is another powerful tool for popularizing science and 

expanding knowledge (Sugimoto & Thelwall, 2013). The availability of educational videos 

online has attracted interest from the educational sector and academic research groups 

to consider using this form of learning to reach the classroom and the home of students 

(Kellner & Kim, 2010; Snelson, 2011). Researchers Sugimoto and Thelwall (2013) 

examined the popularity of science and technology videos uploaded online by academics 

and those uploaded by non-academics and found that the videos uploaded by academics 

received higher ratings than their counterparts (Sugimoto & Thelwall, 2013). Research 

has also shown that the use of online videos offers a unique method for connecting theory 

to practice and promoting discussion and critical thinking (Burke et al., 2009). A five-year 

retrospective study of 1736 medical students assessed the effectiveness of streaming 

videos in medical schools. Students' test scores were positively correlated with video 

availability, indicating a positive effect on test scores. Researchers concluded that video 

streaming is an effective modality to supplement classroom delivery techniques (Bridge 

et al., 2009). 

In one study, the success of human anatomy videos uploaded to the online video 

hosting site, YouTube, was analyzed in depth (Jaffar, 2012). HAE YouTube channel was 

started by the researcher in 2011 to supplement classroom instruction with videos. Using 

objects such as prosections, plastic models, and radiographs, the videos presented the 

applied aspects of human anatomy. Through the academic year, the researcher provided 
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YouTube video links to 91 second-year medical and surgical students, including links to 

the HAE YouTube channel. The results indicate that 98% of students used YouTube as 

a source of online information. Among the 86% of students who accessed the 

HAE YouTube channel, 92% considered the channel helpful in learning anatomy. The 

researcher concluded that human anatomy-based videos hosted on YouTube are a great 

supplemental modality within the anatomy PBL curriculum (Jaffar, 2012) 

While the effectiveness and popularity of online videos have been noted in the 

literature several times, researchers still suggest assessing the source of the video first 

due to concerns over credibility and validity. In order to test the validity of clinical skills 

educational content, a study was conducted with 100 of the most viewed videos. Health 

professionals evaluated 25 hours of videos based on pre-defined evaluation criteria. The 

researchers found that only one video out of 100 could be classified as good, 30 videos 

satisfactory, 40 videos poor, and 29 videos unsatisfactory. In light of these findings, it is 

important for lecturers to recommend high quality videos to their students (Duncan et al., 

2013) 

1.5.2.3 AV Material: Emotional Impact 

While most students express a positive attitude towards their first cadaveric-based 

laboratory experience, some undergo emotional distress in the form of increased anxiety 

(Casado et al., 2012; Dickinson et al., 1997; Iaconisi et al., 2019). There are several 

negative physical and psychological outcomes that can be associated with this 

heightened anxiety, including nausea, dizziness, fainting, insomnia, and nightmares 

(Boeckers & Boeckers, 2016; Kotzé & Mole, 2013). The majority of researchers agree 

that students should be emotionally prepared before embarking on their anatomy journey, 
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especially since the relationship between a student and a cadaver is the predecessor and 

model for a doctor-patient relationship (Cahill & Ettarh, 2009; Casado et al., 2012; Hughes 

& Black, 2006; Iaconisi et al., 2019; Kostas et al., 2007; O’Carroll et al., 2002; Perry & 

Ettarh, 2009). By using video recordings of previous practical laboratories, Azzaez-Aybar 

et al. (2004) produced a 23-minute-long video demonstrating the importance of anatomy 

and cadaveric dissections. The researchers found a significant reduction in students' pre-

laboratory anxiety when compared with the control group (L. A. Arráez-Aybar et al., 

2004). Casado et al. (2012) developed a 23-minute length educational video that includes 

an introduction (2 minutes), discussion of the importance of anatomy (4 minutes), 

emotional problems related to anatomy (8 minutes), and clips of dissection recordings 

from the laboratory (4 minutes) and an epilogue (4.5 minutes). Comparing the 

experimental group with the control group, a significant decrease in pre-laboratory anxiety 

was observed (Casado et al., 2012). Iaconisi et al. (2019) utilized a 26-minute educational 

film titled "the dead teach the living." The first half of the film consists of interviews with 

former students who discuss their experiences in the laboratory. In the second half of the 

film, three body donors are interviewed about their lives and motivations for donating their 

bodies. Despite not being primarily focused on dissections of cadavers, there were 

scenes of laboratory environments and body donors throughout the video. Researchers 

found that the tool had a positive effect on students' emotions, and students appreciated 

the tool (Iaconisi et al., 2019). 

AV material has been shown to convey professionalism, confidentiality, respectful 

behaviour and humanism to students in gross anatomy education (Kostas et al., 2007). 

In a study conducted by Kostas et al., (2007), students reviewed a 10-minute video 
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interview with a prospective donor. According to survey results, students highly rated the 

video as giving them a better understanding of the donors. Additionally, the students 

agreed that future medical students will benefit from viewing such a video (Kostas et al., 

2007). 

1.6 Measure of Learning 

Learning, and its theories, is a challenging area of research to quantify results in, 

as scientists are limited by both their philosophies and experimental design. In recent 

years, investigation on education has grown rapidly, especially with increasing 

discoveries in both neurodiversity (e.g., adjusting teaching styles to better accommodate 

a range of special needs) and technology integration (e.g., enhancing the educational 

experience with developing technology like mixed reality mechanisms)(Armstrong, n.d.; 

McGovern et al., 2020). A prevalent criticism in these developments has been the classic 

method of performance-based outcomes that have been used to measure results (Arum 

& Roksa, 2011; York et al., 2019; Young, 1990). As many scientists believe grades alone 

are not accurate representations of a student’s learning, rather, that an array of learning 

conclusions requires both quantitative and qualitative indicators (e.g., new skill acquisition 

or enhanced perspective), to verify successful educational attainment (Kuh et al., 2005; 

York et al., 2019).   

 On a base level, determining what establishes ‘important’ and ‘successful’ 

learning, is key in measuring educational practices and such learning.  With this in mind, 

the most popular learning theories are each centered on their own principles, rationale, 

and metrics, all designed to measure institutional learning at a vocational or graduate 

level. Although learning theories are ever increasing, research has indicated that there 
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are three main theories of student learning: behaviourism, cognitivism and connectivism. 

In the next segment, each of these theories will be briefly outlined, with specific focus on 

their philosophies of learning and evidence of acquisition. It is important to consider, that 

although there is a discrepancy in a global classification of learning between researchers, 

understating each of these theories, and their commonalities, allows for more well-

rounded and reasonable methods to assess learning.    

1.6.1 Behaviorism  

Behaviourism, ascending since the 1920’s, is learning based on associations 

between stimuli and responses to such stimuli, leading to a new change in behaviour. 

This learning falls in line with ‘objectivism’ in that truth and understanding are thought to 

be external to the subject, and in turn, reality is not influenced by one’s own mind 

(Boghossian, 2013; Moore, 2017). 

Similarly, to the long-standing Pavlovian conditioning applied to animals, a classic 

instance of this practice in humans, was showcased in 1920 by Watson and Rayner where 

a 9-month-old infant was exposed to a white rat as stimulus, in which, the first exposure 

displayed the rat standalone, and the subsequent exposures during the conditioning 

process, were accompanied by a loud sound of a hammer hitting a steel bar (Ertmer & 

Newby, 2013; Watson & Rayner, 1920). The first exposure elicited a neutral reaction, 

however the second and subsequent exposures resulted in fearful and traumatic 

behaviours and responses. Post conditioning, where the sound was no longer present 

with the rat, the exposure to the rat alone, still resulted in fearful behaviour; this change 

in behaviour is used as the indicator of learning in behaviourism (Watson & Rayner, 

1920).  
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This fundamental conditioning practice gradually grew, and greatly inspired the 

modern educational system, where the development of operant conditioning, which 

involves the use of positive or negative reinforcement to train a behaviour; spurred from 

this longstanding behaviouralist based learning (Skinner, 1948).  Grade-based 

assessment stands as a key illustration of modern operant conditioning in behaviorism, 

where students are expected to learn the material presented (i.e. studying or reading) 

and display they have retained it through assessments (i.e. examinations or 

presentations), in which desired behaviours are rewarded (i.e. correct answers receive 

high grades), and unwelcomed behaviours are reprimanded (i.e. incorrect answers 

receive low grades) (Lachman & Pawlina, 2006; Pawlina & Lachman, 2004; Skinner, 

1948). For example, in the human anatomy laboratory, students are expected to maintain 

their donor station throughout the laboratory and clean it thoroughly at the end of the 

laboratory. Failing to do so could result in the loss of marks associated to their laboratory 

progress, thereby encouraging students to be accountable of their work area and future 

responsibilities.  

Behaviourism is a favourable method in education due to the straightforward 

measurement of student skill, and the ability to encourage specific attractive traits in future 

healthcare professionals (e.g., timeliness, collectedness, and accountability). However, 

due to the lack of focus on the individual’s mental processing in this learning theory, 

education experts have been drawn towards practices that highlight intricate cognitive 

means (e.g., problem solving or communication) in teaching and learning, rather than 

apparent behaviour. 
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1.6.2 Cognitivism  

Cognitivism, developed off of the deficits in behaviourism, is where the learner 

processes the received information and seeks ways to understand it related to their 

already acquired information within their memory (D. H. Jonassen, 1991; Shuell, 1986). 

Unlike the idea of behaviour as thought, cognitivism really shines focus on the impact of 

an individual’s thoughts and understanding of new stimuli, and that any subsequent 

behaviour is a reflection of their mental processing and perception, rather than a direct 

behavioural output (Shuell, 1986; Winne PH, 1985).  

Although cognitivism recognizes the individual mind, and therefore caters different 

learning mechanisms in the acquisition process (i.e. visual, auditory or kinesthetic), both 

behaviourism and cognitivism support the objective classification, in which external 

information is presented (e.g., a class lecture), then learners work to acquire the 

teachings (e.g., write notes, or draw graphs), and output is measured in the replication of 

the desired objective truths (e.g., examinations) (Ertmer & Newby, 2013; D. H. Jonassen, 

1991; Newell, 1981).  

For example, in order to discuss the organizational characteristics of the vertebral 

column, students are told to relate having breakfast at 7 am, lunch at 12 pm, and dinner 

at 5 pm to having 7 cervical vertebrae, 12 thoracic vertebrae, and 5 lumbar vertebrae. By 

allowing students to draw on their existing knowledge of the common times associated 

with various meals throughout the day and integrate this knowledge to recognize the 

organizational characteristics of the vertebral column, the student will have a fundamental 

understanding of the of the vertebral column. Later,  students can expand their knowledge 

of the vertebral column, for instance by recognizing there are 8 cervical rami and 12 
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thoracic rami. In doing so, the integrative change in which students observe the vertebral 

column is what cognitivists use to define learning. 

The cognitivist approach to learning, has advanced the notion that not all learners 

learn the same, and therefore, may retain knowledge differently. Although desired 

objectives are often still measured through standard testing and performance, the 

understanding that different information and realizations are likely acquired uniquely on 

an individual basis, pushes educational researchers to consider if academic ranking and 

performance-based grades are the most precise measurements of learner ability. This 

has led to the development of framework geared towards assessing one’s mental process 

and depiction of knowledge, rather than academic performance, which by and large has 

prompted the question of what ‘knowledge’ is and challenges general objectivism.  

1.6.3 Constructivism 

Constructivism is fundamentally different from behaviourism and cognitivism, due 

to the sheer definition of knowledge being formed internally as opposed to acquired from 

external sources, in that, learners construct their reality based on their previous 

experiences, beliefs and intel; the information is not only thought to be uniquely processed 

liked in cognitivism but is also uniquely interpreted in constructivist learning theory 

(Bichelmeyer, 1999; Ertmer & Newby, 2013).   

Contrastingly, objectivism-based learning philosophies view individual aspects of 

influence (i.e. memory, sensory, beliefs, etc.) to be roadblocks in the acquisition of ‘truth’ 

and ‘knowledge’ whereas, constructivists consider these factors as steppingstones in an 

individual’s full comprehension (Bichelmeyer, 1999; Driscoll, 1994).  
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In education, constructivist approaches are designed to promote an ever-enriching 

personal experience with subject matter over time with ongoing exposure. This learning 

theory employs techniques in which an individual’s knowledge is assessed on application 

in appropriate settings, the incorporation of the individual’s producing their own action 

plans with learning benchmarks, and social encounters with peers -allowing for several 

perspectives and self-reflection (Ertmer & Newby, 2013; Steffe & Gale, 1995). 

For example, in the human anatomy laboratory, during the brachial plexus 

dissection, the brachial plexus is exposed, students must identify the structures not only 

based on location, but origin and innervation. This situation prompts students to engage 

into collaborative learning and spiral curriculum in order to identify the structures. For 

example, the upper subscapular nerve and the lower subscapular nerve are both rising 

from the posterior cord. In order to identify these nerves, the student must recognize the 

posterior cord by using pre-existing knowledge, such that the posterior cord is posterior 

the axillary artery (based on the name), and that it travels posteriorly into the 

quadrangualar space with the axillary artery. Once identified, the two branches rising from 

the posterior cord could be traced into where they innervate. Students will then recognize 

that one branch innervates the subscapularis muscle only (upper subscapular nerve), 

whereas the other innervates both subscapularis and teres major (lower subscapular 

nerve).  

Although constructivism, allows subjects to acquire a more meaningful 

interpretation of intel, learning in human anatomy cannot be left to the subjective learning 

outcomes in constructivism alone, due to the objective nature of some pertinent 

information (i.e., anatomical variation). With this, strength and success in learning this 
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subject matter is best met with a blended learning approach that values and supports the 

individual’s learning needs, while evaluating subjects’ performance in alignment with 

industry objectives (Aziz et al., 2002; Biggs, 1996; Ertmer & Newby, 2013).  

1.6.4 Student’s Approach to Learning 

The classic educational system has heavily endorsed the efficient, yet objective, 

method of marking and evaluating students learning on desired outcomes, often leaving 

the subjective, and wholistic, constructivist approach only lightly considered in this 

structure (Ertmer & Newby, 2013). Although, learning assessment is more difficult with 

constructivist theory, the deficits surrounding constructivism in education have sparked a 

myriad of methods that gear educational strategies towards the learning processes, rather 

than the learning outcome alone, to support the idea that significant learning, and student 

understanding, is rooted in the interplay and active application between existing 

knowledge and the new material (D. Jonassen, 1999; D. H. Jonassen, 1991). These 

blended methods in education, now recognized as the pedagogical framework ‘student 

approach to learning’ (SAL), leaves the student to their own self, where both the 

environment and how the learner interacts with the environment determines the learning 

quality (Biggs, 1987; Marton & Saljo, 1976).  

SAL, the process in which students engage with their environment to attain their 

greatest understanding of the target material, is heavily influenced by the factor of student 

motivation; which is most often based off of their previous encounters, and knowledge of 

the topic (Beghetto, 2004; Biggs, 1987; Marton & Saljo, 1976). The SAL structure has a 

progressive ‘presage-process-product’ (3-P) model of learning that considers learning 

(the product) as the outcome from the interplay between both the learner’s prior 
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experience and personal traits, and the specific learning environment (presage factors), 

ultimately forming the methods the learner enacts to acquire the target information within 

the given conditions (the product) (Biggs, 1987). Notably, differences in presage factors 

(i.e., age, sex) have consistently shown an impact on both SAL, and students’ views of 

their learning environments (i.e. interest in topic, course enjoyment, etc.)  (Baeten et al., 

2010; Entwistle & Tait, 1990; Groves, 2005; Lizzio et al., 2002; Rubin et al., 2018; Trigwell 

& Prosser, 1991). 

SAL, is often measured on a learning scale that ranks an individual in two 

categories, the surface approach (SA), and the deep approach (DA) (Biggs, 1987; Marton 

& Saljo, 1976). Students who enact SAs typically resort to memorization and other low-

grade engagement methods that produce a superficial understanding of details, while 

DAs learners aspire to gain a robust and meaningful understanding through applying 

higher-level engagement (Marton & Saljo, 1976). The DAs are widely considered to be 

indicators of meaningful learning, and educators are highly encouraged to foster 

environments that evoke such methods, as the engagement of DAs has ongoingly 

displayed higher rates of success in academia. (Gibbs, 1994; Newstead, 1992; Norton & 

Dickins, 1995; Pandey & Zimitat, 2007; Rossum & Schenk, 1984; Trigwell & Prosser, 

1991; Zimitat & McAlpine, 2003). 

Within HAE, with emphasis on laboratory settings, methods are actively 

progressing to enhance student learning and efficiency in all engagements. These 

enhancements that foster new learning techniques, will inevitably lead to both 

improvements and challenges with how students interact with their updated learning 

environments, such that one model that encourages learners to connect in-depth with 
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correlated learning exercises may succeed while another design may appear irrelevant 

to learner’s progress leading to their disengagement and enactment of SAs (Biggs, 1987). 

These contrasting impacts of learning conditions and their direct bearing on SAL can 

regulate the caliber of a learner’s academic performance and understanding (Biggs, 

1987).   

As a general understanding of human anatomy is a vital part of educating capable 

healthcare workers, ensuring solid retention of anatomical knowledge is possibly the most 

crucial objective for general HAE instruction. SAL has been noted as a large player in 

student’s long-term anatomical knowledge recall and ability (Custers, 2010; Dahle et al., 

2002; Dirkx et al., 2014; Ward & Walker, 2008). Outside of the notions that disparate HAE 

approaches (i.e., dissection- or prosection-based) impact both short and long-term 

student learning by means of SAL, research on education techniques in HAE rarely 

explore how the environment influences SAL. Therefore, it is vital to assess how learners 

operate in novel learning environments by monitoring SAL to make certain any 

educational updates stimulate quality engagement and meaningful learning.  

1.6.5 Outcomes of Learning  

As academic grades and ranks are not often reliable at representing a student’s 

cognitive ability or understanding, it is important to consider potential discrepancies in 

educational research, that may be misleading or inaccurately generalized, as ‘academic 

success’ is a largely studied focus of higher education (Allen, 2010; Arum & Roksa, 2011; 

York et al., 2019; Young, 1990). Several reviews have looked to identify the key findings 

to academic success and learning measurement, and have discovered that although, 

traditional academic accomplishment is favoured in student assessment, a myriad of 
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other factors are deemed just as important to learners’ success (Kuh et al., 2005; York et 

al., 2019). Therefore, new approaches and experimentation set out to measure learning 

in higher education should all be varied to accommodate a wide array of results that may 

play part in an extensive classification of academic success.  

1.7 Conclusion 

The use of a variety of modalities in HAE, such as AV material in e-learning, has 

proven to be highly beneficial. This provides an easy and cost-effective solution for 

addressing the reduction in hours allotted to HAE. The use of these modalities should be 

used in conjunction with existing resources, rather than in place of cadaveric-based 

laboratories. Research suggests that dissection-based learning of human anatomy has a 

great deal of value and remains a crucial step in the development of health professionals. 

It is important that cadavers are not dismissed by researchers as a defunct relic, as 

dissection-based anatomy enables the integration of theory into clinical practice, which 

improves the development of manual dexterity skills. Furthermore, dissection-based 

anatomy emphasizes the concept of biological variation and common pathological 

changes. Furthermore, dissection-based anatomy promotes social interaction and 

communication, as well as introducing the students to the reality and concept of death 

and dying.       

  



 

39 
 

Chapter 2: RATIONALE, OBJECTIVES, AND 

HYPOTHESES 
 

2.1 Rational 

Human anatomy education (HAE) is the foundation of medical-related professions 

(Chapter 1.2). Cadaveric-based laboratories utilizing a dissection-based approach are 

often considered the gold standard for HAE. However, over the past century, factors 

associated with resource and curriculum management led to a 90% decrease in the time 

allotted for HAE globally (Chapter 1.3). Additionally, much conflict exists in the literature 

pertaining to the efficiency and efficacy of dissection-based laboratories and the 

associated negative emotional impact on students (Chapter 1.3). This led some 

researchers to suggest the reduction, and sometimes the elimination of dissection-based 

laboratories. Consequently, the reduction in HAE has been shown to negatively impact 

future healthcare providers; as a result, new innovative strategies and tools to teach HAE 

have been explored (Chapter 1.4). 

In recent years, there has been a significant shift from the conventional subject-

based approach to a multi-subject integrated approach. A multimodal approach to teach 

human anatomy has been gradually becoming the most popular among most medical 

institutions. There is widespread support for the idea that a mixed economy of teaching 

methods is the best way to deliver the learning material. Institutions are now focusing on 

small group, problem-based learning (PBL) to parallel the evolution of the medical 

curriculum (Chapter 1.4). Although the traditional learning (TL) method for PBL is face-

to-face learning (F2FL), due to limited resources, F2FL is difficult to maintain, reducing 
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the hours spent in the classroom and laboratory (Chapter 1.3.1). Alternative methods 

such as Electronic-learning (E-learning) have been emerging, reducing the burden on 

resources and allowing subjects like human anatomy to become a self-taught subject, 

assisted by E-learning modules (Chapter 1.5). Other factors, such as the recent 

COVID’19 pandemic, completely changed the educational landscape. More than ever 

before, there is demand for the creation and integration of E-learning resources across 

disciplines. 

E-learning is the new frontier in educational delivery, a method of engaging 

students and facilitating learning through digital media. E-learning utilizes different 

modalities: auditory such as audio podcasts, visual such as 3D electronic atlases, and 

audiovisual (AV) material such as videos (Chapter 1.4.4). E-learning is often presented 

under different names based on the content delivery method, such as computer-based 

training (CBT), computer-assisted instruction (CAI), computer-assisted learning (CAL), 

and computerized learning packages (CLPs). 

Blended learning (BL) is a combination of E-learning and TL or face-to-face 

learning F2FL, which has been shown to have the highest positive effect on students’ 

learning in HAE (Chapter 1.4). When incorporated appropriately into the curriculum, E-

learning has been shown to stimulate students’ engagement and motivation, allowing for 

a more enjoyable learning experience (Chapter 1.5). At the laboratory level, E-learning 

has been shown to improve students’ preparedness for dissection-based laboratories by 

helping students visualize and understand anatomical structures and relationships. This 

has led to an increase in students’ confidence within the laboratory, thereby improving 

students' overall independence and proficiency and reducing their reliance on teaching 
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assistants and other laboratory resources. Moreover, E-learning has been shown to 

positively impact students in dissection-based laboratories by improving dissection 

technique, quality, and efficiency (Chapter 1.5). 

E-leaning has also been used to impact other facets of students’ educational 

experience. E-learning has been used to convey professionalism, confidentiality, 

respectful behaviour and humanism to students in gross anatomy education (Chapter 

1.5.2.3). Additionally, E-learning has been used to positively manage the pre-laboratory 

anxiety students experience prior to their first cadaveric-laboratory, a negative aspect of 

HAE that led some authors in the past to call for the elimination of dissection-based 

laboratories (Chapter 4.2.1). 

2.2 Objectives and Hypotheses 

The human anatomy program at the University of Guelph is unique, as it offers 

non-medical undergraduate students the same level of HAE experience provided to 

students enrolled in medical schools, including dissection-based cadaveric laboratories. 

Although a vast multitude of E-learning tools have been investigated and validated, most 

are catered to medical students, are lengthy and thereby time-burdening, and are not 

necessarily explicitly aligned with the learning objectives of the courses delivered at the 

University of Guelph. With the increased emphasis on clear articulation of learning 

outcomes, and the need to demonstrate student proficiency in these areas, it is essential 

to have congruency in this area. 

To that end, using innovative photography and videography techniques, such as 

time-lapse photography, a variety of short yet informative high-quality cadaveric-based 
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AV modules were created. The overall hypotheses of this thesis are: 1) undergraduate 

non-medical students also experience a heightened anxiety state prior to their first 

cadaveric-based laboratory. A short introductory cadaveric-based film (iFilm) will reduce 

this anxiety by addressing the uncertainty associated with the first cadaveric-based 

laboratory; 2) Weekly cadaveric-based audiovisual laboratory dissection guides provided 

to students via an interactive local website (iGuides) during the laboratory will increase 

laboratory efficiency, encourage a deeper learning approach, improve students’ course 

performance and overall subjective course satisfaction; and 3) that these short cadaveric-

based audiovisual modules can also positively impact anatomical knowledge beyond the 

classroom, in a BL environment; specifically: the supplementation of traditionally taught 

airway management skills in respiratory therapy (RT) students with a series of short 

cadaveric-based instructional videos will lead to a better understanding of foundational 

knowledge associated to airway anatomy, and better intubation procedural technique 

scores and ventilation success rate. 

2.2.1 Study One 

Research Question: How effective is a short dissection-based laboratory introductory film 

on reducing students’ anxiety state prior to their first cadaveric-based laboratory 

experience? 

The specific objectives of Study One were to: 

1. Induce the least burden to students during this critical time, by utilizing short yet 

reliable anxiety state measures, and short interventions. 
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2. Investigate whether  non-medical undergraduate students enrolled in a cadaveric-

based human anatomy course experience a negative emotional reaction in the form 

of a heightened anxiety state prior to their first cadaveric-based laboratory experience. 

3. Investigate the extent to which sex (male/female) and/or laboratory experience 

(dissection/prosection) influence students’ anxiety state. 

4. Develop a short and informative introductory film (iFilm) to prepare students for their 

first cadaveric-based laboratory. Preparatory content of the iFilm includes students’ 

first:  a) view of laboratory, b) view of a cadaver, and c) dissection experience. 

5. Examine the capacity of the iFilm to affect students’ self-reported anxiety state prior 

to their first cadaveric-based laboratory experience, and whether different gender or 

laboratory experience are affected differently. 

6. Identify students’ perceptions regarding the different components of the iFilm.  

7. Compare the relative capacity of the iFilm with a short mindfulness exercise as well 

as other short distracting exercises to affect students' self-reported anxiety state levels 

prior to their first cadaveric-based laboratory experience. 

Given the objectives of Study One, it was hypothesized that: 

1. Non-medical undergraduate students will experience negative emotions prior to their 

first cadaveric experience in the form of an increased anxiety state that will dissipate 

after the first laboratory. 

2. Gender differences will not be present; however, dissection-based students may 

experience a higher anxiety state when compared to prosection-based students, prior 

to the laboratory, due to the anticipation of dissection a cadaver. 
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3. The cadaveric-based iFilm will reduce students' anxiety prior to their first laboratory 

experience by introducing and preparing them for the laboratory environment and 

tasks, respectively.   

4. Although most students will find the iFilm to be a beneficial tool for mediating their 

anxiety, others may find it unpleasant upfront; yet, gain a greater appreciation for the 

prior exposure, post-laboratory experience  

5. As mindfulness has been shown to positively mediate anxiety, using a short 

mindfulness exercise in this context should positively mediate students’ anxiety state 

prior to their first laboratory.  

6. The use of other short interventions will distract students from thinking about the future 

and may positively mediate pre-laboratory anxiety by a small margin. 

2.2.2 Study Two 

Research Question: How does the use of weekly cadaveric-based audiovisual 

dissection-guides (iGuides) within a DI and PRO laboratory influence students’ subjective 

course experience, approach to learning, course performance, and laboratory efficiency.  

The specific objectives of Study Two were to: 

1. Compare demographics, subjective course experience, approach to learning, and 

academic performance between the Fall 2015 control cohort and Fall 2016 

experimental cohort of students enrolled in a DI and PRO laboratory.  

2. Characterize use and satisfaction of the weekly iGuides by DI and PRO students 

enrolled in the Fall 2016 semester.  
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3. Examine the influence of iGuides use characteristics and satisfaction on DI and PRO 

students’ approaches to learning and course performance in the Fall 2016 cohort.  

4. Identify students’ perceptions regarding the value of the weekly iGuides.  

5. Using qualitative analysis, seek to understand how the iGuides can increase 

laboratory efficiency. 

Given the objectives of Study Two, it was hypothesized that: 

1. Relative to the Fall 2015 control cohort, students in the Fall 2016 experimental cohort 

will perceive a positive impact to their learning environment, rating their course 

experience higher, adopting deeper approaches to learning, and ultimately improving 

their course performance. 

2. Relative to PRO, DI students will utilize the iGuides consistently more during the 

semester. DI students will rate their satisfaction of the iGuides resources higher than 

their PRO counterparts; 

3. As DI students master dissection techniques and strategies, the weekly use of the 

iGuides will decrease.  

4. Higher iGuide use and satisfaction will correlate with higher DA scores and better 

course performance.  

5. Students and teaching assistants will perceive the iGuides to be an effective learning 

tool. The iGuides may facilitate laboratory task efficiency by enabling students to 

become more self-sufficient and less reliant on teaching assistants for guidance 

relating to basic laboratory tasks and identification of anatomical structures. 
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2.2.3 Study Three 

Research Question: What is the impact of a BL environment, in which traditionally taught 

airway management skills utilizing intubation mannikins are supplemented with a series 

of short cadaveric-based audiovisual instructional modules, on RT students’ airway 

anatomy knowledge, intubation procedural scores and ventilation success rate in three 

commonly taught intubation techniques?  

The specific objectives of Study Three were to: 

1. Examine whether a BL environment supplemented with cadaveric-based short 

audiovisuals leads to an improvement in foundational knowledge associated with 

airway anatomy when compared to the TL group. 

2. Examine whether the BL group experiences better intubation procedural technique 

scores when compared to the TL group, leading to better overall ventilation success 

rates. 

3. Identify students’ perception regarding the value of a BL environment integrating tools 

and techniques with anatomical structures and landmarks using cadaveric-based 

modules. 

Given the objectives of Study Three, it was hypothesized that: 

1. RT students enrolled in the BL environment will have a better understanding of 

anatomical structures and landmarks associated with airway intubation, leading to a 

higher score in foundational airway anatomy when compared to the TL group. 

2. The BL environment offering this supplementary resource to RT students would lead 

to a better understanding and integration of tools, techniques, and anatomical 
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structures and relationships, thereby leading to improved intubation procedural 

technique scores, and ultimately, ventilation success rates; when compared to the TL 

group. 

3. Students will recognize the educational benefits associated with the inclusion of these 

short supplementary resources that do not cause an additional-curricular burden on 

students.  
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Chapter 3: TECHNICAL CONSIDERATIONS OF 

EDUCATIONAL MATERIAL DEVELOPMENT 
 

3.1 Introduction 

The study of anatomy is fundamental to all health-related professions. However, 

due to several external curricular factors and the substantial resources necessary to 

operate a dissection-based program, the time allocated for human anatomy education 

has been considerably reduced over the past few years. As a result, providing tools that 

facilitate laboratory efficiency has become increasingly important (Chapter 1.3). 

The University of Guelph offers a dissection-based human anatomy program that 

provides highly detailed regional-based courses in classic anatomy that benefit over 500 

students annually. The third-year undergraduate course offered by the human anatomy 

program is the largest course, offered to approximately 320 students who are generally 

enrolled in the Human Kinetics or Biomedical Sciences undergraduate programs. While 

enrollment in the course continues to increase, resources remain unchanged. Therefore, 

in order to maintain the high level of education offered by the University of Guelph’s 

Human Anatomy program, the creation and implementation of new – more efficient and 

effective - teaching and learning approaches is necessary.  

In recent years, rapid advancements in technology have made it possible to 

capture and produce high-quality audiovisual materials at an affordable cost and with 

greater ease. Subsequently, several educational institutions have adopted a variety of 

multimedia materials to enhance the teaching of human anatomy, particularly in the 

laboratory setting, such as 3D interactive atlases and video-based guides. Several 
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studies have developed and assessed the inclusion of dissection-based audiovisual 

supplementary resources to reduce students’ pre-laboratory anxiety and improve their 

laboratory efficiency, course experience, and overall performance. However, the majority 

of these studies have been conducted on medical students; these studies also develop 

and utilize time-intensive resources that are burdensome for students in a time-

constrained curriculum.  

Therefore, our goals were to create and evaluate short yet informative cadaveric-

based audiovisual resources using advanced image capture and post-production 

techniques. Specifically, we aimed to 1) Reduce the anxiety non-medical undergraduate 

students may experience prior to their first cadaveric laboratory (Chapter 4); 2) Improve 

laboratory efficiency and student proficiency, as well as course experience and overall 

performance of third year non-medical undergraduate students (Chapter 5); 3) Translate 

these practices into tools for professionals, in particular, to enhance the skills and 

competence of respiratory therapy students in anatomical knowledge and intubation 

techniques (Chapter 6). 

3.2 Time-lapse Photography and Education 

The use of time-lapse photography in education can be a powerful tool to 

demonstrate and convey to learners the progress of imperceptible processes, and 

therefore difficult to observe in real-time (Liu & Li, 2012). For example, capturing such 

events as the slow movement of celestial bodies, the progress of various chemical and 

biological processes, or any slow incremental changes made to an object over a period 

of time, provides students with a tool that compresses these extended events into much 

shorter and comprehendible lengths (Hinchcliffe, 2017; Rybár et al., 2015; Vollmer & 
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Möllmann, 2018). The resulting educational time-lapse videos have been shown to better 

reveal key details within such processes and help learners visualize these lengthy events 

that may otherwise be too difficult for students to understand (Liu & Li, 2012). 

Cadaveric dissection is a lengthy process, where every minute has the potential to 

be a valuable educational experience. Consequently, lengthy dissection-based videos 

are produced. During the post-production process, the playback speed may be increased 

to reduce the length of the video, but this results in distractions associated with fast 

movements of the dissector’s hands and the dissection tools, which may lead to cognitive 

overload (Mayer, 2005, 2020). In addition, unlike the human eye, which has the capacity 

to capture details and information of shadows spanning 20 stops of dynamic range, most 

videography equipment only has the capability to capture 13 stops of dynamic 

range. Therefore, some deeper dissections, such as those of the thoracic cavity, result in 

unevenly lit structures spanning greater depths of focus, which are difficult to film. Lastly, 

while most videography equipment can record videos at a high definition (HD) resolution 

of 1920 by 1080 pixels, if zooming into a structure is necessary during the post-production 

process, the video will suffer significantly because of the limited amount of information 

that was recorded.  

The use of time-lapse photography to create short informative videos circumvents 

all the above hurdles and provides many advantages. Generally, a high-definition video 

is composed of 24 still images captured continuously within one second. Each image 

comprises 1920 horizontal pixels by 1080 vertical pixels, leading to an image size 

equivalent to 2 megapixels (MP). The images are played back sequentially at 24 frames 

per second (fps), preserving the default temporal framing of the video data. In contrast, 
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through time-lapse photography, 24 images can be captured over an extended period, 

such as minutes, hours, or even years. Upon conversion of the images into a 24-fps video, 

a temporal framing shift is created in which the video data is displayed across a distorted 

or a “zoomed out” time scale that displays a significantly longer amount of video data in 

a single second. 

Time-lapse provides a greater ability to control the quality and content of the video. 

First, each frame is captured as an individual photo, allowing for much greater control and 

optimization of the capture process required for proper image exposure (Chapter 3.4). 

Consequently, videos produced with this technique are of higher quality, properly 

exposed, suffer less noise, and have a greater depth of field. For example, modern video 

cameras cannot capture the details of the night sky at 24-fps, or in other words, 1/24th of 

a second shutter speed. This is because the camera’s image sensor does not have 

enough time to capture the light from galaxies and stars, resulting in a noisy dark image. 

By contrast, through time-lapse photography, each photograph can be captured over the 

appropriate amount of time to achieve proper exposure, and then stitched together to 

produce a time-lapse video that can clearly capture the details and motion of the night 

sky. The same concept can be applied in the human anatomy laboratory, where deep, 

poorly lit structures, such as the sympathetic trunk, azygous vein, and thoracic duct found 

in the posterior mediastinum, can now be clearly captured and visualized. Second, each 

frame contains a greater number of pixels, sometimes exceeding ten-fold the amount of 

detail in a standard video frame. Our time-lapse images were captured at a resolution of 

20.2 MP, which resulted in a video that contains ten times the number of pixels and thus 

information as a regular HD video. Third, each frame can be captured between dissection 
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activities. Therefore, unwanted movements, such as hands or tools that may distract the 

audience, can be removed. Lastly, each photograph is individually edited in order to 

maximize colour reproduction, sharpness, and quality. In addition, unwanted artifacts may 

be digitally manipulated or removed. 

3.3 Setup: Dissection and Photography Station 

This project was allocated a space within the laboratory. The setup included high-

quality digital cameras, a computer station for capturing and editing the multimedia, a 

ceiling-mounted camera track, various tripods and stands, LED lights, and a cadaver on 

a dissection table. 

3.3.1 Cameras 

To capture the high-quality photos used in the time-lapse video, a Canon EOS 6D 

Mark I full-frame digital single-lens reflex (DSLR) camera with a Canon 40mm prime lens 

was used. Through the Canon 6D’s optical sensor, it is possible to capture high levels of 

detail over a wide dynamic range. Additionally, the Canon 40 mm prime lens was selected 

for its simplicity, as having fewer spherical lenses allows for high contrast and low 

distortion. This setup was able to capture high-resolution images of the donor’s complete 

upper body. Doing so eliminates the need to have a stand that is adjustable in the Z 

direction and the need to crop pictures after they have been taken. 

In order to capture images and videos from various other angles, a Canon 60D 

DSLR camera with a Canon 50mm lens was used. Canon’s 60D offers outstanding 

performance, especially in videography. A Canon 50 mm prime lens was selected 
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because of its simplicity. With fewer spherical lenses, it provides high contrast, low 

distortion in photographs and videos. 

3.3.2 Ceiling Track 

For the purpose of capturing images from a superior position relative to the 

cadaver and obtaining consistent framing of images to meet the requirements of time-

lapse photography, a heavy-duty custom ceiling track was mounted above the cadaveric 

dissection table. The track allowed for a DSLR camera mounted on a ball head joint to 

move in X, Y, and Z directions as well as different angles, allowing for full and 

comprehensive coverage of the cadaver station. Moreover, two independently controlled 

LED lights were mounted on the ceiling track, allowing for proper lighting. We were able 

to achieve similar image framing between photoshoots using the ceiling track. The reason 

for this is its rigidity and inability to experience accidental movements, which a floor tripod 

is prone to. Furthermore, the ceiling track enabled observations to be made regarding the 

camera’s angle and position, permitting reproducibility.  

In addition to the ceiling track, professional videography tripods were used to 

capture different angles of the dissection. It is essential to use high-quality camera mounts 

on the ceiling track and tripods, any slight deviation in the camera between successive 

shots could significantly impact the framing of subsequent images, which would appear 

in a time-lapse video as sudden movements of the donor, causing a considerable 

distraction to the audience and leading to extraneous processing in accordance with the 

coherence principle (Mayer, 2009). 
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3.4 Technical Considerations for Media Acquisition 

In photography and videography, the most important principle is to allow sufficient 

light to enter the camera’s sensor and create a well-lit image, or in other words, that is 

properly exposed. Therefore, three main variables must be considered: the aperture (F-

stop), ISO sensitivity, and shutter speed (Figure 3.1). While each of these variables can 

positively influence the exposure of an image, they can also negatively affect the depth 

of field, noise, and sharpness of the image. 

 

 

Figure 3.1: The Exposure Triade (ISO, Shutter Speed, and Aperture). Direction of exposure is 

displayed in reference to each of the three variables. Consequences associated with 

each of the variables is shown externally. 

3.4.1 TC: Aperture 

An adjustable aperture mechanism is present in the lens body, enabling the 

photographer to control the amount of light entering the camera and reflecting on the 

sensor. The F-Stop represents the opening diameter of the aperture within the lens. A 
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larger F-Stop value results in a wider aperture diaphragm in the lens, which allows more 

light into the camera and enhances the exposure of the image (Figure 3.1). There is, 

however, a cost associated with this. Having a large aperture diaphragm reduces the 

depth of field in the picture; in other words, the image will be focused at a shallower depth, 

causing objects in the background and foreground to be out of focus, therefore blurred 

(Figure 3.1A). In artistic portrait photography, this may be the desired effect, referred to 

as “bokeh”. Our objective, however, is to have all structures within focus, regardless of 

their depth. Therefore, we employed a low F-Stop value (f/16.0) in order to achieve a 

greater depth of field, but at the expense of allowing less light to enter the lens, which 

resulted in a darker image. 

3.4.2 TC: ISO 

ISO is a measurement standard that evaluates the sensitivity of the digital sensor 

inside a camera. DSLR cameras normally have an ISO range between 100 and 6400. 

Higher ISO settings leads to a brighter image, specifically doubling the ISO value would 

mean the camera requires half as much light to achieve the same exposure (Figure 3.1). 

In essence, the camera increases the sensor’s sensitivity at the photon coupling stage, 

resulting in a brighter image. This process, however, introduces digital noise in the form 

of “graininess” into the image/video (Figure 3.1B). Compared to an entry-level DSLR, a 

professional DSLR can expose the image at a higher ISO sensitivity level, but with less 

noise due to advanced noise filters. Despite using a professional-grade camera for our 

videography and photography work, ISO levels never exceeded 2000 due to noticeable 

degradation in image quality. 
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Consequently, external light supplementation was required, specifically for 

videography. However, due to the 3D nature of anatomical dissection, external light 

supplementation can degrade the quality of an image due to shadow casting. Although 

this reality is unavoidable during traditional videography due to limitations associated with 

shutter speed, it can be circumvented in a video created through the time-lapse 

technique.  

3.4.3 TC: Shutter Speed 

In the context of photography, the shutter speed is the duration for which the 

camera’s mechanical shutter remains open before closing and producing the common 

“click” sound associated with DSLRs. When the shutter speed is set to be open for a 

longer period, it allows additional light to enter the sensor, which results in a brighter 

image (Figure 3.1). However, as with the previous two variables, there is a cost 

associated with a longer shutter. Longer exposure may result in motion blur if the camera 

or subject moves even in the slightest during the image capture period (Figure 3.1C). By 

contrast, a fast shutter speed will produce sharp images, even if the camera is handheld 

or the subject moves, but will result in a poorly lit image.  

In the context of videography, however, the shutter is not physically closed; rather, 

it is electronically discharged at the set shutter time interval. Similar to photography, the 

shutter speed determines the brightness of video footage. However, the shutter speed 

may also influence the smoothness of the video playback. High-definition video is typically 

recorded at 24 fps. For a visually pleasing motion blur between each frame, the 180-

degree rule recommends a shutter speed twice the frame rate. A slower shutter speed 

would result in much blur between frames, resulting in a smeared appearance. 
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Conversely, a higher shutter speed would generate less motion blur between frames, 

resulting in a stuttering or staccato effect in the video (How Shutter Speed Affects Video 

- The 180 Degree Rule – PolarPro, n.d.). 

An advantageous aspect in the human anatomy laboratory is that the subject does 

not move, and the camera’s movement can be controlled by mounting it to a tripod or 

ceiling track. Therefore, this allows us to control for the aperture and ISO values and 

adjust the shutter speed accordingly to achieve proper exposure. Specifically, utilize a 

smaller aperture, resulting in a greater depth of field, and a lower ISO level to avoid noisy 

images and compensate for exposure using a longer shutter speed. The resulting images 

are well exposed sharp images with a significant depth of structures within focus (Figure 

3.1D). In addition, translating these images into a video by means of time-lapse 

photography leads to unparalleled video quality.  

3.4.4 TC: Others 

In order to achieve uniformity within image sequences that are to be used in the 

production of the time-lapse video, camera settings pertaining to white balance and colour 

profiles must be pre-set. However, as all the images will be captured in RAW format and 

edited in post-production, this variable can be adjusted during post-processing. 
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Figure 3.2: All four images display an example of a well exposed photograph, through: A) 

Excessively wide aperture showcasing a low depth of field, wherein the anterior 

portion of the skull is in focus, conversely the occipital region is out of focus; B) Very 

high ISO setting, showcasing noise in the form of graininess; C) Slow shutter speed 

leading to blurriness as a consequence of movement relative to the subject or camera 

during the capture phase. D) A balance of the exposure triade leading to a well 

exposed, in focus, sharp image. 

 

3.5 Editing and Post-Production 

3.5.1 Photo Editing 

It is important to note that every single image captured, whether part of a time-

lapse video or a photo of a particular structure, has been individually edited and 

processed. The images were captured in RAW format, retaining the full range of 

information captured by the sensor. As a result, it is possible to perform precise post-

editing on the computer, resulting in sharper, clearer, and more representative images 
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than those that are automatically processed by the camera. First, the images were 

downloaded from the camera and saved in categorized folders on the desktop computer. 

Following this, Adobe Bridge was used to view the captured images and remove any that 

were not required. Then individualized colour profiles and gradings were created for each 

of the images captured to be used as a standalone photo in the modules. 

Conversely, for a series of images captured for a time-lapse sequence, a single 

profile that best represents the series of images was created and applied across the entire 

series. Due to the drying process that uncovered cadaveric tissue undergoes, colours 

may vary between a time-lapse series and sometimes even within one long series. 

Consequently, care was taken to ensure that these changes would be adequately taken 

into account in the newly developed colour profiles, which would result in increased 

consistency. The image quality was also improved by adjusting for lens distortion and 

increasing both sharpness and luminosity. 

When observing a time-lapse video, the audience pays attention to the moving 

objects. Time-lapses must not include foreign objects that appear and then disappear, 

causing the audience to become confused and distracted. The only movement should be 

related to the cadaveric dissection or intended action to be displayed. Unfortunately, the 

photographs taken during the time-lapse series were contaminated with several 

unwanted objects. In some cases, these were unintentional, such as dissection tools left 

in the camera’s field of view during the capture process. Others were intentional, such as 

forceps used to position anatomical structures for the camera. It was necessary to remove 

these unwanted objects in order to maintain a flawless time-lapse. If there are no 
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distractions, the coherence principle applies and the learner is able to transfer more 

information from working memory to long-term memory (Bergman, 2015; Mayer, 2009). 

The clone tool in Adobe Photoshop CC was used to remove the foreign objects 

without distorting the structure of the image. Using the clone tool, pixels may be copied 

from one coordinate (X,Y) of an image to another. In this procedure, pixels were cloned 

from the same region of an unaffected image (Image A) in order to repair the affected 

region of the second image (Image B). First, it is necessary to align the coordinates 

between the two images; this was achieved by selecting a reference point (X = 0, Y = 0) 

from Image A. A reference point should consist of pixels that will not be edited during the 

process. As an example, if the left ear lobe was selected from Image A as the reference 

point, when switching to Image B, the left ear lobe must be selected at precisely the exact 

location. In this step, coordinates (0,0) from Image A will be aligned with coordinates (0,0) 

from Image B. This step is crucial; it must be done accurately, otherwise, a shift in pixels 

will occur, causing a difference in alignment of the images and leading to falsified pixels. 

Following alignment, unaffected pixels can be applied to the affected area, thereby 

removing objects that were not present in Image A from Image B. It is recommended to 

select the clone host (Image A) as the image captured preceding or following the affected 

image (Image B), allowing for consistency between minor differences in shadows and 

lighting. 

It is also vital to consider the image background, which must be non-distracting, 

generally black, and non-reflective. Maintaining a neutral background involves taking care 

to prevent cadaveric tissue or chemicals from coming into contact with the background. 

Unfortunately, this inevitable situation will occur, resulting in a distracting change of the 
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black background to be observed in the time-lapse video. While the clone tool could be 

useful in this situation, it is time-consuming and unnecessary. An alternative is to use the 

healing brush tool since it is simple and quick to use and does not require alignment. The 

healing brush tool is one of the features of Adobe Photoshop CC. The tool is used to 

correct selected objects using content-aware technology, which references adjacent 

pixels.  Generally, this tool should not be used for structural editing unless necessary 

since it utilizes the “smart aware” feature to formulate pixels based on the surrounding 

structure. Therefore, the healing brush tool does not accurately represent the true pixels, 

but rather an estimation of what “maybe” based on the surrounding pixels. Furthermore, 

the healing brush tool is inconsistent; even on the same object, the tool produces different 

sets of pixels each time it is used. This means that if the tool were used to remove 

unwanted objects overlaying the dissection, it could result in substantial changes between 

the photo series, resulting in distracting movements in the time-lapse video. 

3.5.2 Graphical Designs  

Through Adobe Photoshop CC and Adobe Illustrator CC, various graphic designs 

and edits were applied to illustrate various concepts throughout the various modules. As 

an example, it is important for students to be able to recognize anatomical landmarks and 

relevant osteology prior to dissecting a particular region. Therefore, overlaying such 

structures on an undissected cadaver and discussing the anatomical landmarks would be 

highly beneficial for students, allowing them to develop a deeper understanding of surface 

anatomy. A photograph taken after the dissection has been completed is used to obtain 

the necessary landmarks and muscles. An additional layer is created, where these 

muscles and landmarks are traced and drawn to create a schematic. The layer was then 
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copied onto one of the undissected cadaveric images and adjusted accordingly, allowing 

for accurate depictions of landmarks. 

There are several other examples of graphical techniques used throughout the 

modules. For example, in the iGuides, a 3D representation of the superficial back is 

presented to prepare students for their first dissection cut. Furthermore, graphic 

representations overlayed on dissections were employed to highlight muscles and fiber 

directions, which were created to help students identify muscles and understand the 

function they perform. It was common practice to highlight structures with a variety of 

colours in order to facilitate identification. Moreover, in some cases, anatomical models 

have been developed to reinforce a concept. 

3.5.3 Time-lapse and Module Composition 

Adobe Premiere was used to integrate the images, videos, schematics, and time-

lapse sequences into a final video module. Additionally, titles and learning outcomes were 

incorporated into the modules. To produce a time-lapse sequence sequentially, files 

within image sequences were renamed in numerical order accordingly. A frame rate of 

12-14 fps was used depending on the sequence. Modules were exported at a resolution 

of 1920 x 1080. Detailed module design information pertaining to the iFilm, iGuides, and 

iIntubate modules can be found in the respective chapters. 
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Chapter 4: ANXIETY IN UNDERGRADUATE HUMAN 

ANATOMY EDUCATION 
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4.1 Chapter Introduction 
 

Human anatomy education, a foundational subject for most health-related 

professions, offers students the opportunity to meet their first “patient”, their donor. This 

revered experience has been characterized as a rite of passage, an opportunity to face 

the realism of death and gain respect and professionalism for the human body. Although 

many students express a positive attitude towards their first cadaveric-based laboratory 

experience, some undergo emotional distress in the form of increased anxiety. This 

heightened anxiety has been linked to several negative physical and psychological 

responses, such as nausea, dizziness, fainting, sleeplessness, and nightmares. Although 

numerous studies examined this anxiety and explored interventions to mediate it, all have 

been conducted on medical students. 

At the University of Guelph, we offer cadaveric-based human anatomy education 

to non-medical undergraduate students. In the past, we have also witnessed students 

experiencing emotional distress, as evidenced by students feeling nauseous, dizzy, and 

sometimes fainting as they are exposed to a cadaver in their first laboratory experience. 

The administrators of the Human Anatomy Program at the University of Guelph are 

constantly incorporating new ideas and tools to improve the course experience for the 

students. Accordingly, we sought to investigate the presence of anxiety prior to students’ 

first cadaveric experience and ways to reduce it, all without burdening students with 

lengthy anxiety measures and lengthy interventions. 

In this chapter, the framework of anxiety will be explored, means of rapidly 

measuring students’ anxiety will be examined, and the creation of a short cadaveric-
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based introductory film utilizing our novel photography and videography techniques 

(Chapter 4) will be discussed. Lastly, the efficacy of the introductory film, a mindfulness 

intervention, and other interventions, will be examined.   
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4.2 A Cadaveric-based Introductory Film to Reduce the Anxiety 

State of Undergraduate Non-medical Students Prior to their First 

Cadaveric Experience 
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4.2.1 Abstract 

 

Introduction: Research conducted on medical students had shown that while 

many students express a positive attitude toward their first cadaveric laboratory 

experience, some students undergo mental distress in the form of increased anxiety state. 

Although recent studies have shown that this anxiety diminishes after the students’ first 

laboratory experience, better preparatory tools to ease the transition are recommended.  

Objective: The goals of this study were to 1) Examine whether non-medical 

undergraduate students experience a heightened anxiety state prior to their first 

laboratory, 2) Develop a short and informative cadaveric-based introductory film and 

examine its capacity to affect students’ self-reported anxiety state prior to their first 

cadaveric-based laboratory experience, 3) Compare the relative capacity of the iFilm with 

a short mindfulness exercise as well as other short distracting exercises to affect students' 

self-reported anxiety state levels prior to their first cadaveric-based laboratory experience. 

An additional goal was to examine the influence of sex and laboratory experience (i.e., 

dissection- versus prosection-based) on students’ self-reported anxiety state. 

Methods: Third‐year non-medical undergraduate human anatomy students 

enrolled in the dissection and prosection laboratories at the University of Guelph (Ontario, 

Canada) participated in this study. A mindfulness intervention was incorporated into the 

2014 cohort’s curriculum (males: n = 105; females: n =171, dissection = 204; prosection 

= 73), a cadaveric-based introductory film was incorporated into the 2015’s curriculum 

(males: n = 110; females: n = 195, dissection = 225; prosection = 80), and a control 

intervention was incorporated into the 2016 cohort (n = 110), along with the other 
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interventions (n = 168). Demographics data was collected using an ad-hoc online 

questionnaire. Self‐reported anxiety state was measured using a validated visual 

analogue scale of anxiety (VAS-A). Students completed VAS-A questionnaires at three 

time points: 1) in pre-laboratory room immediately prior to the intervention [T1], 2) in pre-

laboratory room immediately after the intervention [T2], and 3) in laboratory immediately 

after the laboratory period [T3].  

Results: Overall, Based on VAS-A measured self-reported anxiety state, non-

medical undergraduate students experienced a heightened anxiety state prior to their first 

cadaveric-laboratory (T3-T1 = 23.2 ±0.9, p <0.05). Relative to the pre-intervention VAS-

A scores, after viewing the introductory film, students experienced a significant reduction 

in anxiety state (3.1 ±1.14, p <0.05). Similarly, after completing the mindfulness exercise, 

students also experienced a significant reduction in anxiety state (7.0 ±0.78, p <0.05). 

Interestingly, the introductory cadaveric-based film was not effective at mediating anxiety 

of females enrolled in the prosection-based experience. The gender differences observed 

in this study were similar to those previously reported in the literature, where females 

started with higher anxiety scores when compared to males, and as the overall anxiety is 

reduced throughout the study period, the difference in scores between males and females 

were also reduced. 

Conclusions: The results suggest that a dissection-based introductory film is an 

effective method to reduce pre-laboratory anxiety state in non-medical undergraduate 

human anatomy students; moreover, it appears the film served students as a useful 

preparatory tool for tasks associated with the first laboratory. There appears to be 
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potential for future use of a short mindfulness exercise in conjunction with other 

interventions.  

4.2.2 Introduction 

Why cadaveric-based anatomy? 

Human anatomy education is essential for health sciences degrees and often 

compulsory for medical-related professions (Duffy, 2011; Korf et al., 2008; Marks et al., 

1997; Memon, 2018; Pawlina & Lachman, 2004; Winkelmann, 2007). Cadaveric-based 

laboratories utilizing a dissection-based approach, prosection-based approach, or a mix 

of both approaches remain to be the gold standard for human anatomy education (Duffy, 

2011; K. M. Patel & Moxham, 2008; Pawlina & Lachman, 2004). Through cadaveric-

based laboratories, students can improve their manual dexterity skills and can appreciate 

the three-dimensionality of anatomical structures, relationships, and variations that exist. 

Additionally, cadaveric-based laboratories improve communication skills and promote 

teamwork, peer-teaching, self-directed learning, leadership, and professional 

development (Bryan et al., 2005; Krych et al., 2005; Lachman & Pawlina, 2006; Rainsbury 

et al., 2007; Romo Barrientos et al., 2019; Topp, 2004). In fact, the act of cadaveric-based 

dissection is viewed by the medical community as a rite of passage for future doctors, 

and the donor is considered to be the students’ first patient, providing students with an 

opportunity to face the realism of death and gain respect for the human body (Dickinson 

et al., 1997; Dinsmore et al., 1999; Gunderman & Wilson, 2005; A. B. Wilson et al., 2018). 

Nevertheless, much controversy exists in the literature pertaining to cadaveric use and 

the associated negative emotional impact on students (Guttmann et al., 2004; McLachlan, 

2004; McLachlan et al., 2004b; McLachlan & Patten, 2006; Mingorance et al., 2021; Mulu 

& Tegabu, 2012; Romo-Barrientos et al., 2020).  
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Negative Experiences Associated with Cadaveric Anatomy 

Every year, a new cohort of students worldwide experiences their first cadaveric 

laboratory; often their first intimate contact with death (Finkelstein & Mathers, 1990). 

Learning human anatomy through cadavers imparts an intellectual experience and 

emotional experience that can prompt students to question and confront the mortality of 

themselves and others (Evans & Fitzgibbon, 1992; Hafferty, 1991). Research conducted 

mainly on medical students show that despite a large percentage of students expressing 

a positive attitude towards their first cadaveric-based laboratory experience, some 

undergo negative emotional distress during this experience, often in the form of increased 

anxiety (L. A. Arráez-Aybar et al., 2004; L.-A. Arráez-Aybar et al., 2008; Cahill & Ettarh, 

2009; Criado-Álvarez et al., 2017; Dickinson et al., 1997; Dinsmore et al., 2001; Horne et 

al., 1990; Mulu & Tegabu, 2012; Quince et al., 2011).  

Several factors have been shown to affect students’ emotional response, such as 

moral, philosophical, religious, or cultural concerns students hold towards death (L.-A. 

Arráez-Aybar et al., 2008; Boeckers & Boeckers, 2016; Criado-Álvarez et al., 2017; 

Romo-Barrientos et al., 2020). Additionally, recent bereavement can negatively affect 

students’ emotions during their first cadaveric experience (Quince et al., 2011). Students 

may also have inaccurate preconceived perceptions of the experience based on 

selectively and misleading feeding from previous cohorts (Dickinson et al., 1997; Hafferty, 

1991). Of the several emotional reactions students experience related to cadaveric-based 

laboratories, anxiety has been identified as the most severe and has been studied the 

most (Boeckers & Boeckers, 2016).  
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Framework of Anxiety 

The human brain evolved as an anticipatory machine, with a focus on creating the 

“future”(Grupe & Nitschke, 2013). Using previous experiences and information to predict 

future outcomes related to a specific task allows for greater odds of achieving the desired 

results and provides realistic expectations of success or failure. However, uncertainty 

related to previous experiences and information or future tasks hinders the brain’s ability 

to efficiently and effectively predict the future, thereby leading to a heightened anxiety 

state (Grupe & Nitschke, 2013).  

Anxiety, often interchanged with the terms “stress,” “distress,” and “fear,” is an 

emotional adaptive response to a potential future unknown threat or internal conflict, 

which involves the activation of cognitive, affective, and behavioural psychological 

anticipatory processes. These anxiety processes tend to be beneficial when activated at 

a level equivalent to the dangerous or risk and are considered crucial for species survival. 

However, when these processes are expressed excessively in comparison to the risk, 

they can negatively affect the outcome (Grupe & Nitschke, 2013; Rossi & Pourtois, 2012; 

Steimer, 2002). The Uncertainty and Anticipation Model of Anxiety (UAMA) proposes five 

processes that are responsible for the maladaptive responses to uncertainty: 1) inflated 

estimates of threat cost and probability, 2) increased threat attention and hypervigilance, 

3) deficient safety learning, 4) behavioural and cognitive avoidance, and 5) heightened 

reactivity to threat uncertainty (Grupe & Nitschke, 2013).  

Physiologically, anxiety is induced by a physiological reaction to stress due to an 

unknown threat or internal conflict, in other words, uncertainty. Stress leads to the 

activation of neurocircuitry related to fear and anxiety, specifically the limbic-
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hypothalamo-pituitary-adrenal axis, leading to the secretion of stress hormones such as 

cortisol, adrenocorticotropic, and corticotropin-releasing hormone (Grupe & Nitschke, 

2013; Rossi & Pourtois, 2012; Shin & Liberzon, 2010; Steimer, 2002).  

Anxiety Related Problems 

In the human anatomy educational realm, this increased anxiety has been linked 

to several negative physical and psychological responses, such as nausea, dizziness, 

fainting, and nightmares (L. A. Arráez-Aybar et al., 2004; Cahill & Ettarh, 2009; Mulu & 

Tegabu, 2012). This had led some researchers to recommend the elimination or reduction 

of cadaveric-based laboratories (Aziz et al., 2002). From an educational context, 

heightened anxiety has been shown to interfere with complex working memory by 

reducing the brain’s ability to store, manipulate, and process information and knowledge 

required for learning and reasoning (Baddeley, 1992; Darke, 1988). Additionally, higher 

levels of anxiety are associated with lower academic performance (Owens et al., 2012), 

which can hinder the overall educational experience, thereby affecting the students’ 

overall intellectual development (Casado et al., 2012).  

How to Prepare Students 

Anticipation of dissection causes more emotional distress than the dissection itself 

(Böckers et al., 2012). Studies have shown that this anticipation is the strongest 

immediate before the laboratory experience and diminishes soon after the laboratory 

begins (L. A. Arráez-Aybar et al., 2004; Evans & Fitzgibbon, 1992; Snelling et al., 2003). 

However, student responses suggest they could have been better prepared, and several 

researchers recommended the use of targeted preparatory tools to ease the transition 
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(Böckers et al., 2012; Cahill & Ettarh, 2009; Horne et al., 1990; Quince et al., 2011; Romo-

Barrientos et al., 2020).   

A range of preparatory tools have been employed prior to students’ first cadaveric 

experience, that have been found to positively impact students’ emotions, such as 

attending a voluntary introductory anatomy demonstration (Böckers et al., 2012), 

orientation sessions (Quince et al., 2011; Saylam & Coskunol, 2005), discussing feelings 

with peers (Kotzé & Mole, 2013), and the integration of audiovisual material such as 

introductory films or interviews with past students and body donors (L. A. Arráez-Aybar 

et al., 2004; Casado et al., 2012; Dosani & Neuberger, 2016; Iaconisi et al., 2019).  

Despite a large number of studies exploring anxiety levels and anxiety 

management interventions in human anatomy students, most have been limited to 

students in the medical school context, using cumbersome anxiety questionnaires, such 

as the Spielberger state-trait anxiety inventory (STAI), and utilizing lengthy interventions 

(L. A. Arráez-Aybar et al., 2004; Casado et al., 2012; Dosani & Neuberger, 2016; Iaconisi 

et al., 2019). Arráez-Aybar et al. (2004) employed a 23-minute-long video showcasing the 

importance of anatomy and cadaveric dissections through video recordings of previous 

practical laboratories. The researchers found a significant reduction in students’ pre-

laboratory anxiety when compared to the control (L. A. Arráez-Aybar et al., 2004). In a 

similar study, Casado et al. (2012) utilized a 23-minute-long educational film that 

introduces anatomy (2 minutes), discusses the importance of anatomy (4 minutes), the 

emotional problems associated with anatomy (8 minutes), showcases various dissection 

recordings from the laboratory (4 minutes), and an epilogue (4.5 minutes). A significant 

drop in student’s pre-laboratory anxiety was observed when compared to the control 
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(Casado et al., 2012). Iaconisi et al. (2019) utilized a 26-minute educational film titled “the 

dead teach the living.” The first half of the film constituted interviews with former students 

who spoke about their experience in the laboratory. The second half of the film constituted 

interviews with three body donors who discussed their lives and motivation to donate their 

bodies. Although the film was not mainly focused on cadaveric-based dissections, scenes 

of the laboratory environment and body donors were shown throughout the video. The 

researcher found a positive impact on students’ emotions, and students’ appreciated the 

tool (Iaconisi et al., 2019). 

Novel Interventions 

At the University of Guelph, we offer a cadaveric-based human anatomy course to 

third-year non-medical undergraduate students in the health sciences. We sought to 

examine whether non-medical undergraduate students experience negative emotions 

prior to their first cadaveric experience in the form of an increased anxiety state, 

interventions to reduce this anxiety, and whether gender or laboratory experience affects 

this anxiety. However, due to the limited time within the curriculum, we are limited to 

deploying a short study that utilizes a short intervention and anxiety questionnaire based 

on a proven framework. Based on the UAMA model, a proposed treatment for anxiety is 

the use of interventions that emphasize an accurate prediction of future events (Grupe & 

Nitschke, 2013). Additionally, anxiety involves two anticipatory aspects: 1) anticipation of 

a future event, and 2) the anticipatory representation of a possible future event (Grupe & 

Nitschke, 2013). Therefore, it is most beneficial to create a short intervention, thereby 

reducing the time spent anticipating the laboratory experience, and one that showcases 
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an accurate representation of the entire first laboratory experience, starting from entering 

the building to the completion of the first dissection.  

To that end, using our time-lapse photography techniques (Chapter 4), we created 

a short (< 3.5 minutes) yet an informative introductory film that provides students with an 

accurate representation of the entire first laboratory experience. To measure anxiety, we 

utilized the VAS-A, which has a rapid deployment time and has been validated to be 

precise, accurate and sensitive to change, making it an effective tool for repeated 

measurements (Facco et al., 2011, 2013; Rossi & Pourtois, 2012). We hypothesize that 

non-medical undergraduate students will experience heightened anxiety prior to their first 

cadaveric laboratory that will dissipate after their first laboratory. Moreover, we 

hypothesize exposing students to an anxiety-provoking stimulus similar to what they 

would experience in person during their first laboratory, in the form of a short introductory 

film, would serve the students positively by removing the uncertainty associated with the 

laboratory facility, environment, donor view, and dissection tasks associated with the first 

laboratory, thereby reducing their anxiety state. Additionally, another suggested strategy 

to reduce anxiety is for the individual to focus on the present and spend less time worrying 

about what may come (Grupe & Nitschke, 2013). Therefore, we also sought to investigate 

the impact of other short interventions of comparable length to our introductory film, such 

as a short mindfulness exercise, on students’ anxiety state prior to their first laboratory. 

We hypothesized that mindfulness and the other short interventions will distract students 

from thinking about the future, and focus on the now, thereby may positively mediate pre-

laboratory anxiety. 
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4.2.3 Material and Methods 

4.2.3.1 Participants 

Participants of the study were students of the 2014 (n = 276), 2015 (n = 305), and 

2016 (n = 298) cohorts, enrolled in the fall semester third-year dissection- (2014, n = 203; 

2015, n = 225; 2016, n = 235) and prosection-based (2014, n = 73; 2015, n = 80; 2016, 

n = 63) courses at the University of Guelph (Guelph, Ontario, Canada). Ethical approval 

was obtained from the Research Ethics Board at the University of Guelph. Participation 

in the study was voluntary and written consent was obtained from all participants prior to 

the start of the experiment. 

4.2.3.2 Curricular Framework of the Human Anatomy Program at the University of 

Guelph  

The third-year human anatomy course at the University of Guelph is offered to 

approximately 320 students annually. It is taught using a regional-based approach, and 

spans over two consecutive semesters. For the program to accommodate a large number 

of students, it must be efficient at maximizing the student to donor ratio in the laboratory. 

Therefore, the course is subdivided into a dissection-based course (HK*3401/2), and a 

prosection-based course (HK*3501/2). Students in both dissection- and prosection-based 

courses attend the same three 50-minute weekly lectures and complete the same 

assessments. The difference between courses is seen in the laboratory component. 

Approximately 240 students enroll in the dissection-based human anatomy course, 

averaging 60 students per three-hour laboratory, per week. The dissection-based 

laboratories take place in the mornings and afternoons over the span of two days. 

Approximately six students in the morning cohort and six students in the afternoon cohorts 
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are responsible for completing a full regional body dissection of their assigned donor over 

the two semesters. 

Conversely, approximately 80 students enroll in the prosection-based course, 

averaging 40 students per two-hour laboratory, per week. The prosection-based 

laboratories take place in the morning and afternoon after the dissection-based 

laboratories. In the prosection-based laboratories, students observe and learn from the 

progressive dissections conducted by their dissection-based peers. In addition, all 

laboratories include prosected specimens relevant to the weekly laboratories, which 

laboratory technicians or upper-year students previously dissected.  

The third-year level human anatomy course is compulsory for students enrolled in 

the B.Sc. Human Kinetics degree, and optional for students enrolled in the B.Sc. 

Biomedical Science degree as a restricted elective. In rare cases, a small number of 

students registered in the Biological Sciences major may be permitted into the course 

with the instructor’s consent. A large majority of these students aspire to be doctors, 

nurses, physiotherapists, chiropractors, paramedics, and other medical-related 

professional roles, highlighting the importance of the human anatomy program in their 

education.  

The Human Anatomy Program at the University of Guelph prides itself on the 

respect, professionalism, and gratitude displayed by the students to the donors 

throughout the year, which is concluded with a solemn “Celebration of Life and Learning” 

event at the end of the year, a musical-based ceremony organized by the staff and 

students of the Human Anatomy Program.  
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Respect and professionalism are conveyed to all students at the beginning of the 

year, in their mandatory pre-laboratory orientation period that takes place in an adjacent 

classroom. During this 30-minute period, teaching assistants and laboratory technicians 

are introduced; the laboratory rules, guidelines, and expectations of respect and in-lab 

professional behaviour are discussed; and students are assigned into their permanent 

groups. Groups are led to the laboratory one at a time by an assigned teaching assistant 

who takes an additional 15 minutes to show students emergency procedures and fire 

exits of the building, lockers and the wash stations. Teaching assistants accompany 

assigned groups into the laboratory (i.e., one teaching assistant per student group), and 

are responsible for leading a short tutorial on relevant aspects of the teaching laboratory 

and all aspects of their dissection station.  Proper and safe use of dissection tools are 

discussed, and students see their donor for the first time.  Importantly, only the region to 

be dissected is exposed;  all other aspects of the donor remain wrapped in clean sheets. 

Several upper-year student volunteers are present during the first laboratory and are 

trained to recognize signs of severe anxiety, and ideally be present to prevent physical 

injury of a fainting student. 

4.2.3.3 Introductory Film Intervention 

The author created the introductory film (iFilm) to be a short, informative, 

welcoming, and comforting orientation to the first anatomy laboratory. A DJI Inspire Drone 

(Shenzhen DJI Sciences and Technologies Ltd., Shenzhen, Guangdong, China) and a 

Canon 6D digital camera (Canon Inc., Tokyo, Japan) were used to capture the outdoor 

and indoor scenes, respectively. All material was recorded at 1920 x 1080 pixels and 

imported into Adobe Premiere CC version 15 (Adobe Inc, San Jose, California), to be 
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assembled and edited by the author. The voiceover was recorded using a Yeti Blue 

Microphone (Blue Microphones, Westlake Village, California), narrated by a graduate 

student using a predefined script (Table 4.1). Lastly, Powerful by Sophonic, music that is 

labelled as “motivational, driving, and full of energy,” was purchased from TunePort 

(TunePort, n.d.) and was utilized as background music . The total costs for the film were 

negligible, as most of the equipment was available in the laboratory. The total time 

required for pre- and postproduction of the final film is estimated to be about 50 hours.  

The completed iFilm is 3.5 minutes long  (Table 4.1). In the first 25 seconds, an 

aerial view of the University of Guelph is seen, panning to the anatomy building and slowly 

tracking to the doors. The narrator introduces the anatomy program, the program’s overall 

strengths, and the location of the building that houses the anatomy program. As the 

camera enters the building, for the next 15 seconds, it follows a student down the hallway 

leading to the anatomy laboratory. The anatomy program director is then seen happily 

opening the door for the student as the narrator stresses out the extraordinary gift of 

learning the donors provide for the students. The next 15 seconds showcase the anatomy 

hallway, lockers location, and a happy laboratory technician welcoming the student into 

the laboratory. As the student enters the laboratory, the scene fades into a bright white 

light, transitioning to scenes of happy studious former students in the anatomy laboratory, 

actively engaged with their peers and teaching assistants, learning from the donors and 

other resources in the laboratory; these scenes lasted for 40 seconds. This is the first 

cadaveric-scene exposure, utilizing a panned-out scene, showcasing mainly covered 

donors, with students working on the small uncovered areas. The narrator emphasizes 

the benefits of the program, the one-of-a-kind experience, and utilizes key terminologies 
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such as “exciting program.” Additionally, the narrator emphasizes the humanity of the 

donors, and reminds students that both the donors and their families believe in this 

powerful educational experience 

For the next 30 seconds, the film fades into an empty laboratory, and utilizes 

augmented text tracking first to showcase the gloves station, as the camera slowly pans 

to the donor station, showcasing a donor covered with a white bag on a stainless-steel 

table. The narrator emphasizes that during the first laboratory, the teaching assistant will 

take the students to their assigned donor station and showcase the various tools and 

dissection techniques required for their first dissection.  

For the next 65 seconds, a time-lapse cadaveric-based film showcasing the 

students’ first dissection is shown, and the steps are narrated. The film utilizes the time-

lapse technique used in our previous study (Chapter 4). A horizontal posterior view of the 

undissected back is shown, with the head being on the left side of the screen, and the 

right side of the screen terminating at the level of the coccyx. The film begins with a 

midline skin incision, and progresses through skin reflection and removal, followed by fat 

and fascia removal to expose the superficial back muscles. The edges of the superficial 

back muscles are defined, and finally, the trapezius muscle is superiorly reflected. The 

film then fades brightly into another laboratory scene showcasing happy students, lasting 

for 10 seconds as the narrator wishes future students a great learning experience. 
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Table 4.1: Structure, components, scene, and narration of the iFilm. 

Time Scene Content Narrated Text 

00:04 – 00:07 
Aerial view of the University of 
Guelph 

Welcome to the Human Anatomy Program at 
the University of Guelph. 
 

00:07 - 00:15 
Aerial view pans to the Ontario 
Veterinary College (OVC) 

The human anatomy laboratory is housed within 
Ontario Veterinary College, also known as the 
OVC, which can be accessed through the 
Lifetime Learning Center. 

00:16 - 00:26 
Approaching the door of the OVC 
from a personal point of view 
(PPOV) 

Here at the University of Guelph, our students 
learn about the human body through hands-on 
experience. We are one of the very few 
universities that offer a dissection based 
undergraduate human anatomy course 

00:27 -  00:36 
Entering the hallway of the OVC, 
to the anatomy laboratory, PPOV. 

Through your time with us in the lab, we hope 
you will come to appreciate the intricate details 
of the human body by taking advantage of the 
extraordinary gift our donors provide for us. 

00:36 - 00:56 

The professor opens laboratory 
doors. A student walks through the 
anatomy hallway. The laboratory 
technician invites the student into 
the laboratory. Fades into white. 

 

00:56 – 01:04 

Laboratory view of previous 
students, working and learning in 
a happy and positive bright 
environment,  interacting with 
each other and teaching 
assistants. 

As you enter our laboratory, you will embark on 
a life-changing learning experience that will 
make you a better speaker, thinker, and team 
leader. 

01:05 - 01:11 As above 
This exciting program will aid you in preparing 
for your future studies and careers in the health 
sciences and beyond. 

01:12 - 01:22 As above 

The human anatomy program is made possible 
by the remarkable individuals who donated their 
bodies to our program. They understood the 
powerful impact their gift would have on your 
education. 

01:23 - 01:30 As above 
Our donors and their families believe in the 
positive change the Human Anatomy program 
provides for our students and the community. 

01:31 - 01:36 As above, fades into black. 
We hope you will enjoy your time within the lab 
and make the most out of this exceptional 
educational experience. 

01:39 - 01:44 

View from the laboratory entrance. 
Glove station marked with an 
anchored augmented text label.  
Pans to the laboratory, approach 
donor station. 

As you enter the lab for the first time, you’ll see 
the glove station on your left side. 

01:54 - 02:01 
Approach donor station, marked 
with anchored augmented text. 
Fades into black. 

Your TA will introduce you to your assigned 
donor and will demonstrate to you the various 
instruments and their functions. 

02:05 - 02:10 
Fades into posterior superficial 
view of an uncovered, undissected 
cadaver. The head positioned to 

The morning lab will work on one half of the 
donor, while the afternoon lab will continue on 
the other half. 
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the left of the screen frame, 
terminating at the level of the 
coccyx to the right of the screen 
frame. 

02:12 - 02:20 

Time-lapse begins: I cut 
introduced from T1 to L5. Skin 
reflection begins in 6” sections, 
medially to laterally. 

During your first lab, as a dissector, you will be 
introduced to dissection techniques as you 
remove the skin from the back region and reveal 
superficial back muscles. 

02:21 - 02:27 

Skin reflection of the back 
continues 
Skin reflection of the back 
completed 

As a prosector, you will observe the superficial 
back muscles on donors that have been 
dissected by your peers. 

02:28 - 02:33 Fat and fascia removal 
Once the skin has been removed, you will clean 
the superficial back muscles by clearing away 
fat and fascia. 

02:51 – 02:58 

Fat and fascia removal completed. 
Borders of the superficial back 
muscles are defined. 
The trapezius is reflected 
superiorly. Fades into white. 

Once the superficial back muscles are exposed, 
you will define the proximal and distal 
attachments of the Trapezius muscle and reflect 
it. 

03:13 – 3:21 
Fades into a zoomed-in scene of a 
happy student learning in the 
laboratory. 

We hope you will have an amazing time in the 
lab and make the most out of it! 

 

4.2.3.4 Mindfulness Exercise Intervention 

Mindfulness has gained a great deal of attention in recent literature, as the practice 

of mindfulness has been shown to reduce stress and anxiety and improve mental health 

(Carmody & Baer, 2008; Grossman et al., 2004). Several studies observed the effects of 

mindfulness on medical students, reporting a reduction in mental distress (Dobkin & 

Hutchinson, 2013; Phang et al., 2014; Rosenzweig et al., 2003; Shapiro et al., 1998, 2005; 

Warnecke et al., 2011). The most cited definition of mindfulness is “paying attention in a 

particular way, on purpose, in the present moment, and non-judgmentally” (Kabat-Zinn, 

1994; Shapiro et al., 2006). From a psychological mechanistic point of view, mindfulness 

is a cognitive style that utilizes thought process, emotions, and bodily sensations to 

facilitate a heightened sense of awareness, allowing the individual to respond effectively 

to challenges as opposed to reacting impulsively (Bishop et al., 2004; Kostanski & 

Hassed, 2008; Shapiro et al., 2006).  
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One of the many effective ways to practice mindfulness is walking a labyrinth 

(Bright & Pokorny, 2013; Hong & Jacinto, 2012). An extension that does not require the 

space to create a life-sized labyrinth, and the associated time burden, is the creation of a 

labyrinth using a pencil and a paper, also known as “finger labyrinth,” followed by tracing 

the created labyrinth with the index finger (Daniels, 2008; Nieves-Serrano et al., 2015).  

Finger labyrinths are thought to improve concentration, the ability to focus, possess a 

calming effect, and have been shown to improve student performance in higher education 

(Daniels, 2008).  

A finger labyrinth was selected as the mindfulness activity for this study due to its 

ease of use and short time required to complete (<5minutes), which would not burden the 

already limited curriculum time. Additionally, the length of this activity corresponds to the 

length of the introductory film intervention. Students were provided with a seed template 

of an incomplete 7-circuit Cretan classical labyrinth. Students were then verbally 

instructed: “First, create the labyrinth by connecting the similar numbers, which would 

then lead to a complete labyrinth. Once completed, trace the labyrinth with your index 

finger from the outside inside and back out” (Figure 4.1). 
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Figure 4.1: Seed template of the 7-circuit Cretan classical labyrinth. Participants in the 

mindfulness intervention were tasked to draw the labyrinth (steps 1 - 8), and then 

using their finger to trace and “walk” to the center of the labyrinth and back out. 

 

 

Figure 4.2: Procedural diagram of data collection and intervention incorporation. 
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4.2.3.5 Procedures 

The study procedures were identical for all three years of data collection across all 

interventions (Figure 4.2). The one exception was the additional collection of qualitative 

student feedback pertaining to the introductory film in the 2015 cohort. Demographics 

data were collected at the start of the academic year, and prior to the first laboratory 

session; an online demographics questionnaire invitation was sent to all students on the 

class mail list.  

During the first week of laboratories, at the conclusion of the mandatory pre-

laboratory orientation period, the lead researcher presented a short-scripted introduction 

and study invitation procedure to the students. Participants then received a questionnaire 

and were asked to self-report their current perceived anxiety state using a short (<1 

minute) 100 mm validated anxiety visual analogue scale (VAS-A) (T1), an intervention 

was then introduced, and at the conclusion of the intervention, participants were asked 

once again to report their current anxiety state using another VAS-A found on the back 

page of the questionnaire (T2). Participants were then assigned into their dissection 

groups for the year and escorted into their first laboratory one group at a time. Upon 

completing their first laboratory session, and prior to leaving the laboratory, participants 

were provided with another questionnaire and were asked to report their current anxiety 

state using a third VAS-A (T3).  

Mindfulness: In the 2014 academic year, a short (<5 minute) voluntary 

mindfulness exercise  (described in section 4.2.3.4) was incorporated into the pre-

laboratory session of students enrolled in the dissection (n=222) and prosection (n=86) 
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cohorts. Students were asked to create a labyrinth maze using a pre-defined template 

(Figure 4.1) and trace the labyrinth to the center and back out using their index finger.  

Introductory Film: In the 2015 academic year, a short (<3.5 minutes) introductory 

film (described in section 4.2.3.3) was incorporated into the pre-laboratory session of 

students enrolled in the dissection (n=199) and prosection (n=74) cohorts. Students were 

asked to watch this short introductory film. The narrated introductory film incorporates 

uplifting background music and bright scenes showcasing the building, laboratory space, 

a student-centered laboratory session, and lastly, a time-lapse overview of the first 

laboratory dissection  (Table 4.1).  

Time control and other Interventions: In the 2016 academic year, four additional 

interventions were examined. First, a control intervention in which dissection-enrolled 

students (n=126) observed a minute of silence between T1 VAS and T2 VAS to explore 

if time influenced anxiety state. A second intervention where prosection-enrolled students 

(n=63) watched a short (<4 minutes) college event promotional video to explore if 

watching a video in general influenced anxiety state. A third intervention where dissection-

enrolled students (n=54) were provided with mini-chocolate bars to explore whether 

added attention may influence anxiety state. Lastly, a fifth intervention where dissection-

enrolled students (n=55) had a brief (<5 minutes) educational discussion with the course 

instructor pertaining to any questions they had regarding the laboratory.  
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4.2.3.6 Outcome Measures: 

4.2.3.6.1 Demographic Data 

Through an online-based Qualtrics questionnaire (Qualtrics XM, Seattle, 

Washington), demographic data pertaining to the participants’ sex, age, and program of 

study was collected at the start of the academic year, and prior to the first laboratory 

session. This data was matched and merged with subsequent data using students’ 

identification card numbers. 

4.2.3.6.2 Anxiety VAS 

Most anxiety-based literature utilizes the STAI questionnaire to measure anxiety. 

The STAI is composed of two self-rating inventories, the STAI-S to measure transient 

anxiety state, and the STAI-T to measure anxiety trait. Each inventory is composed of 

twenty 4-point Likert scales (Spielberger et al., 1970). Due to its reliability, the STAI-S is 

the most widely used instrument for assessing anxiety state at a specific time point (L. A. 

Arráez-Aybar et al., 2004; Davey et al., 2007; Labaste et al., 2019; Rossi & Pourtois, 

2012). However, it should be noted implanting STAI-S is difficult as it is a time-consuming 

tool  (Labaste et al., 2019). 

Visual analogue scales have been used for nearly a century to record unbiased 

judgment of psychological or behavioural characteristics, and have gained popularity in 

recent literature for their ability to measure transient and subjective psychological states 

(Abend et al., 2014; Aitken, 1969; Freyd, 1923). VAS scales are commonly composed of 

a 100 mm horizontal line, each end anchored with a term that addresses the extremes of 

the sensation being examined. Participants are instructed to denote, with an X mark, how 

they’re currently feeling pertaining to the specific sensation addressed. Due to their 
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simplicity and ease of use, VAS scales have gained tremendous popularity in recent 

studies to examine various measures in clinical populations, where time is of the essence 

(Facco et al., 2011, 2013). The VAS for anxiety (VAS-A) utilizes the sensation descriptive 

words of “Not at all Anxious” anchored on the left side, and “Extremely Anxious” anchored 

on the right side, with the associated instructions prompting the participant to “indicate 

how you feel right now.” The VAS-A was validated by Hornblow and Kidson (1976) and 

has been shown to be an effective tool for analyzing transient state-dependent 

fluctuations in anxiety in both clinical and non-clinical populations. As the VAS-A is 

composed of one item, the scale's internal consistency cannot be calculated. However, 

several studies examined the external validity of the VAS-A and found a positive 

correlation to popular measures such as STAI-S scores (Abend et al., 2014; Facco et al., 

2011, 2013; Hornblow & Kidson, 1976; Labaste et al., 2019; Rossi & Pourtois, 2012).  

The validated visual analogue scale of anxiety VAS-A was used in this study. The 

questionnaire was created following the recommendations of relatable studies. First, 

instructions were included prior to the VAS-A scale, stating, “Please put a cross (X) on 

the line shown below to indicate how you feel right now. A mark at the extreme eft end 

would indicate that you are feeling not at all anxious. A mark at the extreme Right end 

would indicate that you are feeling the most anxious you could ever imagine. A mark near 

the Centre would indicate that you feel moderately anxious. Please indicate on the line 

below your level of anxiety at this moment.” A 100-mm horizontal line was constructed, 

with the words “Not at all Anxious” anchored on the left side, and “Extremely Anxious” 

anchored on the right side. Scores ranged from 0 to 100, where a higher score indicated 
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greater anxiety (Davey et al., 2007; Facco et al., 2011, 2013; Wewers & Lowe, 1990). 

(Figure 4.3) 

 

Figure 4.3: VAS-A questionnaire supplied to students at the three different time points to measure 

anxiety state 

 

4.2.3.6.3 Introductory Film Feedback 

To qualitatively assess the impact of the introductory iFilm on students’ anxiety, 

and any associated benefits or drawbacks of the iFilm, an online-based Qualtrics 

questionnaire was sent to the class mail list at the conclusion of the first laboratory. Two 

open-ended questions were included, “What did you like/not like about the introductory 

film shown prior to your first laboratory?”. 

4.2.3.7 Statistical Analysis 

4.2.3.7.1 Data Processing 

VAS-A scales across all interventions were measured using digital calipers, and a 

score out of 100.00 mm was noted on each survey, rounded to two decimal places. A 

consistent measuring criterion was followed, and to reduce measure variance, the lead 

researcher measured all VAS-A scales over the three years. Measure inconsistency and 

reliability were periodically checked by having an independent researcher measure a 

random sample of VAS-A scales and compare scores. VAS-A data from the three-time 

points per subject was matched using student identification numbers, and digitized into a 
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Microsoft Excel spreadsheet (Microsoft, Redmond, Washington). Additional data, such as 

laboratory experience (dissection- or prosection-based laboratory), day of the week 

(Tuesday, Wednesday, Thursday), and laboratory time of the day (morning or afternoon 

laboratory) was retained for each case based on survey administration time. Data from 

the online demographic questionnaire was added to the aforementioned Microsoft Excel 

spreadsheet and matched by case. 

4.2.3.7.2 Data Analysis 

Data from the Excel spreadsheet was transferred into SPSS V25 (IBM, California) 

for statistical analysis. Participants who did not complete all three VAS scales were 

excluded from the data analysis. Data were assessed for outliers by inspection of a 

boxplot for values greater than 1.5 box-lengths from the edge of the box. Normality of 

data was assessed using the Shapiro-Wilk’s test (n < 50) and visual inspections of Q-Q 

plots when appropriate. Significance for all tests was declared at p ≤ 0.05, unless a family 

of comparisons were conducted, as such, the p-value of 0.05 was adjusted for multiple 

comparisons by dividing the accepted p-value by the number of comparisons (e.g. 

significance was declared at ≤ 0.0177 for a family of three comparisons). Data are mean 

(M) ± standard error of the mean (SEM) unless otherwise stated. 

To examine for potential population differences between the 2014, 2015, and 2016 

cohorts, a chi-square test of association using a Fisher-Freeman-Halton Exact test was 

used to examine for distribution differences in the categorical variables of sex and 

laboratory experience. A one-way ANOVA was used to determine age differences 

between the 2014, 2015, and 2016 cohorts. 
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To examine the effects of sex, laboratory experience, and time on VAS-measured 

anxiety scores for the mindfulness and introductory film interventions, a three-way mixed 

analysis of variance (BBW ANOVA) was used, where sex (male/female) and laboratory 

experience (dissection/prosection) were the two in-between subject independent factors, 

and time (pre-laboratory 1 pre-intervention [T1], pre-laboratory 1 post-intervention [T2], 

post-laboratory 1 [T3]) was the within-subject dependent factor.  

A one-way repeated measures ANOVA was conducted to determine whether there 

were statistically significant differences in VAS-measured anxiety scores over the three-

time points for the control and “other” interventions. The effects of laboratory experience 

were not calculated in the control and other interventions; each intervention had only one 

laboratory experience group within. Additionally, the effect of gender was also not 

calculated due to the limited sample size in the control and other interventions.  

To qualitatively assess the impact of the introductory film on students’ anxiety, 

written data from the 2015 cohort, pertaining to the introductory film, was collected using 

an online Qualtrics survey. Data were downloaded and imported into MAXQDA V2018 

(Berlin, Germany) for thematic analysis. No a priori themes were described. Instead, 

inductive analysis was used, allowing for themes to emerge organically during this six-

phased analysis process (described by Braun and Clarke, 2006). In this recursive 

process, the researcher is first immersed in the data by reading it multiple times and 

noting initial ideas and themes. Once the researcher is fully familiarized with the data, the 

next step of coding begins, where a feature of the data that may be interesting to the 

analyst is identified by a code and collated with relevant data. The coded data is then 

analyzed for semantic themes and sub-themes. The themes are then reviewed in relation 
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to the coded extracts and the entire data, ensuring validity, reworked accordingly, until a 

final set of themes is defined clearly and named accordingly. A report is then produced of 

the final identified themes, and a few associated extracts from the raw data that 

comprehensively represent each of the themes (Braun & Clarke, 2006).  

4.2.4 Results 

Data are mean ± standard error of mean (SEM) unless otherwise specified. All 

pairwise comparisons were performed for statistically significant simple and simple simple 

main effects. Bonferroni corrections were made with comparisons within each simple 

main effect considered a family of comparisons. Statistical significance of a simple main 

effect was accepted at a Bonferroni-adjusted alpha level of p < 0.017.  

4.2.4.1 Demographics 

Demographic data pertaining to subjects’ age and sex are presented in Table 4.2.  

Also presented in Table 4.2 is a summary of the students’ laboratory experiences; 

percentages of male versus female, and dissection versus prosection students for the 

three cohorts are provided. From the 879 total responses, 818 were considered valid 

responses and analyzed. Participants were removed from the study if they did not 

complete VAS-1 measurements at all three time points (i.e., T1, T1 and T3). Thus, a total 

of 61 participants were removed: specifically, 13, 28 and 20 participants were removed 

from 2014, 2105 and 2016 cohorts, respectively (Table 4.2). Subgroup analysis of 

demographic data showed no significant differences between the three cohorts 

concerning sex, laboratory experience, or age. Chi-square tests of homogeneity  showed 

no significant differences in the proportions of sex (p = 0.238) or laboratory experience (p 

= 0.210) over the three cohorts (Table 4.2). A one-way ANOVA was conducted to 
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determine if there were age differences between the 2014, 2015, and 2016 cohorts. There 

were outliers present in the data, as assessed by inspection of a boxplot. These were 

genuinely unusual values, therefore, were kept for the data analysis. Data were normally 

distributed, as assessed by Q-Q plots. Variances were homogeneous, as assessed by 

Levene's test for equality of variances (p = 0.574). There were no statistically significant 

differences in age between the three cohort groups, F(2, 748) = 2.615, p = .074 (Table 

4.2). 

Table 4.2: Summary of demographic data of students involved in the mindfulness intervention 

(Fall 2014), iFilm intervention (Fall 2015), control and other interventions (Fall 2016).  

 

Cohort 

p Total 
2014 2015 2016 

Total Participants (n) 276 305 298  879 

Valid Participants (n)s 263 277 278  818 

Age (M ± SD; years) 20.22 ± 0.90 20.31 ± 0.75 20.10 ± 1.37 0.074  

Sex (%) 
Male 37.3 36.5 30.9 

0.238 
285 

Female 62.7 63.5 69.1 533 

Laboratory 
Experience 
(%) 
 

Dissection 
(Sex: M/F %) 

73.4 
(37.8/62.2) 

72.9 
(39.6/60.4) 

78.8 
(34.2/65.8) 

0.210 

614 

Prosection 
(Sex: M/F %) 

26.6 
(35.7/64.3) 

27.1 
(28.0/72.0) 

21.2 
(18.6/81.4) 

204 

 

4.2.4.2 Baseline (T1) Anxiety  

Irrespective of intervention group, sex, or laboratory experience, and relative to the 

post-laboratory 1 timepoint (T3), VAS-measured anxiety level at the pre- intervention time 

point (T1) was significantly higher by a mean difference of 23.16 ± 0.91, 95% CI [20.97 

to 25.36], p < 0.00005. Heightened initial anxiety prior to students’ first laboratory 

experience appears to be present across all interventions, including the control group. 
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4.2.4.3 Control 

A one-way repeated measures ANOVA showed a statistically significant effect of 

time on VAS-measured anxiety scores over the three-time points F(1.148, 125.158) = 

214.479, p < .001. Relative to the pre-intervention time point (T1), there was no significant 

change in VAS-measured anxiety score at the post-intervention time point (T2), 0.57 

±0.69 (95% CI, -2.24 to 1.10), p = 1.00 (Table 4.3 and Figure 4.8). Conversely, relative to 

the post-intervention time point (T2), VAS-measures anxiety scores post-laboratory (T3) 

significantly decreased by 29.96 ±2.20 (95% CI, 24.05 to 34.72), p < 0.0005 (Table 4.3 

and Figure 4.8). 

4.2.4.4 Introductory Film 

Regardless of sex or laboratory experience, and relative to the pre-iFilm time point 

(T1), VAS-measured anxiety level at the post-iFilm time point (T2) was reduced by a mean 

difference of 3.06 ± 1.14, 95% CI [0.82 to 5.29], p < 0.008 (Table 4.3 and Figure 4.8). 

Similarly, regardless of sex or laboratory experience and relative to the post-iFilm time 

point (T2), VAS-measured anxiety level was further reduced post-laboratory 1 (T3) by a 

mean difference of 17.70 ±1.47, 95% CI [14.80 to 20.60], p < 0.0005 (Table 4.3 and Figure 

4.8). A three-way mixed ANOVA was run to understand the effects of time, sex, and 

laboratory experience on anxiety scores. The three-way interaction between time, sex, 

and laboratory experience was not statistically significant, F(1.851, 505.300) = 1.983, p = 

0.142, partial η2 = 0.007. However, there were two significant two-way interactions 

between sex and time F(1.851, 505.300) = 4.890, p = 0.009, partial η2 = 0.018, and 

between laboratory experience and time F(1.851, 505.300) = 4.042, p = 0.021, partial η2 
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= 0.002. The two-way interaction between laboratory experience and sex was not 

statistically significant, F(1, 273) = 0.056, p = 0.821, partial η2 = 0.0005.  

Males experienced a significant reduction in VAS-A scores post-iFilm and post-

laboratory, whereas females experienced a significant reduction in VAS-A scores only 

post laboratory (Table 4.3 and Figure 4.4). Interestingly, there was a statistically 

significant simple main effect of sex at the pre-iFilm time point, F(1, 273) = 12.551, p < 

0.0005, the post-iFilm time point, F(1, 273) = 22.053, p < 0.0005, and the post-laboratory 

time point, F(1, 273) = 7.018, p < 0.0005. Males and females differed significantly in terms 

of strength of response for VAS-measured anxiety at all three timepoints. Relative to 

males, mean anxiety score was significantly higher in females pre-iFilm (males: 27.56 

±2.45; females: 37.98 ±1.63) a mean difference of 10.43 ±2.94, 95% CI [4.63 to 16.22], p 

< 0.0005. Post-iFilm (males: 22.64 ±2.51; females: 36.79 ±1.67), a mean difference of 

14.16, 95% CI [8.22 to 20.09], p < 0.0005. And post-laboratory (males: 9.22 ±1.76; 

females: 14.81 ±1.17), a mean difference of 5.60, 95% CI [1.44 to 9.76], p < 0.0005 (Table 

4.3 and Figure 4.4). 



 

96 
 

Pre-iFilm (T1) Post-iFilm (T2) Post-Laboratory (T3)

0

10

20

30

40

50

Time

A
n

x
ie

ty
  
L

e
v
e
l 
(V

A
S

-A
)

a

a b

a b

Males
Females#

#

#

 

Figure 4.4: iFilm VAS-A scores based on gender.  

Error bars represent the standard error of the mean 
a Significant mean difference when compared to T1 within the same subgroup, p <0.05 
b Significant mean difference when compared to T2 within the same subgroup, p <0.05 

# Significant mean difference between males and females, within the same time point, p <0.05 

There was a statistically significant simple main effect of gender for dissection-

based laboratories pre-iFilm, F(1, 273) = 23.173, p < 0.0005, and at post-iFilm, F(1, 273) 

= 23.79, p < 0.0005. Additionally, simple main effects of gender were present in the 

prosection-based laboratories post-iFilm, F(1, 273) = 7.035, p = 0.008, and post-

laboratory, F(1, 273) = 4.276, p = 0.04. In dissection-based laboratories, pre-iFilm, relative 

to males (24.43 ±2.23), females reported higher anxiety scores (38.26 ±1.81), a mean 
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difference of 13.83 ±2.87 (95% CI, 8.18 to 19.49), p < 0.0005. Similarly, post-iFilm, 

relative to males (19.97 ±2.29), females reported higher anxiety scores (34.32 ±1.85), a 

mean difference of 14.36 ±2.94 (95% CI, 8.18 to 19.49), p < 0.0005 . In the prosection-

based laboratories, post-iFilm, and relative to males (25.31 ±4.46), females reported 

higher anxiety scores (39.26 ±2.78), a mean difference of 13.96 ±5.26 (95% CI, 3.60 to 

24.31), p = 0.008. Similarly, post-laboratory, relative to males (13.43 ±3.13), females 

reported higher anxiety scores (21.06 ±1.95), a mean difference of 7.63 ±3.69 (95% CI, 

0.37 to 14.89) p = 0.04 (Figure 4.6). 

Students enrolled in the dissection-based laboratory experience saw a significant 

reduction in VAS-A scores post-iFilm and post-laboratory. In contrast, prosection-based 

students saw a significant reduction in VAS-A scores only post-laboratory (Table 4.3 and 

Figure 4.5). Interestingly, there was a statistically significant simple main effect of 

laboratory experience at the post-laboratory time point, F(1, 273) = 24.496, p = 0.0005, 

but not the pre-iFilm time point F(1, 273) = .941, p = 0.333, or post-iFilm time point F(1, 

273) = 2.904, p = 0.090. Relative to students enrolled in the dissection-based laboratory 

experience, post-laboratory mean anxiety score was significantly higher in prosection-

based students, a mean difference of 10.46, 95% CI [6.30 to 14.62], p = 0.00005.  
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Figure 4.5: iFilm VAS-A scores based on Laboratory Experience. 

Error bars represent the standard error of the mean 
a Significant mean difference when compared to T1 within the same subgroup, p <0.05 
b Significant mean difference when compared to T2 within the same subgroup, p <0.05 

# Significant mean difference between DI and PRO students, within the same time point, p <0.05 

There was a statistically significant simple simple main effect of laboratory 

experience for both males and females at the post-laboratory time point, F(1, 273) = 

5.745, p = 0.017 and F(1, 273) = 28.380, p = .0005, respectively. Post-laboratory, mean 

anxiety score was higher in males enrolled in the dissection-based laboratory experience 

(5.00 ±1.60) when compared to males enrolled in the prosection-based laboratory 

experience (13.43 ±3.13), a mean difference of 8.43 (95% CI, 1.51 to 15.35), p = 0.017. 
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Moreover, post-laboratory mean anxiety score was lower in females enrolled in the 

dissection-based laboratory experience (8.57 ±1.30) when compared to females enrolled 

in the prosection-based laboratory experience (21.06 ±1.95), a mean difference of 12.49 

±2.34 (95% CI, 7.87 to 17.10), p = 0.0005 (Figure 4.6). 

 

Figure 4.6: iFilm VAS-A scores based on gender and laboratory experience. 

Error bars represent the standard error of the mean 
a Significant mean difference when compared to T1 within the same subgroup, p <0.05 
b Significant mean difference when compared to T2 within the same subgroup, p <0.05 

Similar colours signify a difference between the groups, within the same time point, p <0.05 
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4.2.4.5 Mindfulness 

Regardless of sex or laboratory experience, and relative to the pre-mindfulness 

time point (T1), mean VAS-A anxiety score at the post-mindfulness time point (T2) was 

reduced by a mean difference of 6.97 ± 0.78, 95% CI [5.10 to 8.85], p < 0.0005 (Table 

4.3 and Figure 4.8). Similarly, regardless of sex or laboratory experience and relative to 

the post-mindfulness time point (T2), VAS-measured anxiety score was further reduced 

post-laboratory (T3) by a mean difference of 15.83 ±1.36, 95% CI [12.56 to 19.09], p < 

0.0005 (Table 4.3 and Figure 4.8). There was no statistically significant three-way 

interaction between sex, laboratory experience and time on the dependent variable, 

anxiety scores, F(1.403, 363.286) = 2.242, p = 0.125, partial η2 = 0.009. Additionally, 

there were no statistically significant two-way interactions between sex and time F(1.403, 

363.286) = 2.436, p = 0.107, partial η2 = 0.009, laboratory experience and time F(1.403, 

363.286) = .604, p = 0.491, partial η2 = 0.002, and sex with laboratory experience F(1, 

259) = .379, p = 0.538, partial η2 = 0.001.  

Trends in the reduction of VAS-measured anxiety across time points were similar 

for males and females (Table 4.3 and Figure 4.7). Interestingly, there was a statistically 

significant simple main effect of sex at the pre-mindfulness time point, F(1, 259) = 5.998, 

p = 0.015, but not at the post-mindfulness time point, F(1, 259) = 1.954, p = 0.163 or the 

post-laboratory time point, F(1, 259) = 0.856, p = 0.356. Males and females differed 

significantly in terms of strength of response for VAS-measured anxiety pre-mindfulness 

(males: 29.57 ±2.45; females: 37.08 ±1.85), a mean difference of 7.51 ±3.07, 95% CI 

[1.47 to 13.56], p = 0.015.  Interestingly, males and females did not differ significantly in 

terms of their VAS-measured anxiety levels at the post-mindfulness (males: 24.38 ±2.25, 
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females 28.32 ±1.70, p = 0.163) and post-laboratory 1 (males: 9.53 ±1.72; females: 11.53 

±1.30; p = 0.356) time points (Table 4.3 and Figure 4.7). 

Pre-Mindfulness (T1) Post-Mindfulness (T2) Post-Laboratory (T3)
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Figure 4.7: Mindfulness VAS-A scores based on gender. 

Error bars represent the standard error of the mean 
a Significant mean difference when compared to T1 within the same subgroup, p <0.05 
b Significant mean difference when compared to T2 within the same subgroup, p <0.05 

# Significant mean difference between males and females, within the same time point, p <0.05 

 

There was a statistically significant simple simple main effect of gender for 

dissection-based laboratories pre-mindfulness, F(1, 259) = 10.695, p = 0.001, and at post-



 

102 
 

mindfulness, F(1, 259) = 6.051, p = 0.015. In dissection-based laboratories, pre-

mindfulness, relative to males (27.20 ±2.47), females reported higher anxiety scores 

(37.46 ±1.93), a mean difference of 10.26 ±3.14, (95% CI, 4.08 to 16.44), p = 0.001. 

Similarly, post-mindfulness, relative to males (22.11 ±2.27), females reported higher 

anxiety scores (29.20 ±1.77), a mean difference of 7.09 ±2.89 (95% CI, 1.42 to 12.77), p 

= 0.015.  

4.2.4.6 “Other” Interventions 

VAS-A scores show no significant difference between the promotional video 

intervention, chocolate intervention, and professor discussion intervention. Therefore, the 

results from these interventions were collapsed into one category, denoted as “Other” 

interventions category. 

In the “other” intervention, VAS-A anxiety scores significantly decreased across all 

three-time points (Table 4.3 and Figure 4.8). A one-way repeated measures ANOVA 

showed statistically significant differences in VAS-measures anxiety scores over the 

three-time points F(1.409, 235.304) = 246.240, p < 0.00005. Relative to the pre-

intervention anxiety scores (T1), VAS-measures anxiety scores post-intervention (T2) 

significantly decreased by 6.83 ±0.99 (95% CI, 4.43 to 9.22), p < 0.0005. Moreover, 

relative to the post-intervention (T2) anxiety scores, VAS-measures anxiety scores post-

laboratory (T3) significantly decreased by 18.56 ±1.81 (95% CI, 14.18 to 22.94), p < 

0.0005 (Table 4.3 and Figure 4.8). 
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Table 4.3: Descriptive statistics and difference in VAS-A measured anxiety levels pre-intervention 

(T1), post-intervention (T2) and post-laboratory (T3), across interventions. Statistical 

comparison based on time, gender, and laboratory experience. 

 
T1 T2  T3 

VAS-A Scores Mean ± SEM 

Introductory Film 32.77 ±1.47 29.71 ±1.51 a 12.02 ±1.06 a b 

Males  27.56 ±2.45* 22.64 ±2.51* a 9.22 ±1.76* a b 

Females  37.98 ±1.63* 36.79 ±1.67* n.s 14.81 ±1.17* a b 

Dissectors  31.34 ±1.44 27.15 ±1.47 a 6.79 ±1.03‡ a b 

Prosectors  34.20 ±2.57 32.28 ±2.63 n.s 17.24 ±1.84‡ a b 

Mindfulness  33.33 ±1.53 26.35 ±1.41 a 10.53 ±1.08 a b 

Males  29.57 ±2.45* 24.38 ±2.25 a 9.53 ±1.72 a b 

Females  37.08 ±1.85* 28.32 ±1.70 a 11.53 ±1.30 a b 

Dissectors  32.33 ±1.57 25.66 ±1.44 a 8.50 ±1.10 a b 

Prosectors  34.32 ±2.64 27.05 ±2.42 a 12.55 ±1.86 a b 

Other 36.87 ±1.92 30.05 ±1.87 a 11.49 ±1.30 a b 

Control 42.87 ±2.16 42.30 ±2.19 n.s 12.91 ±1.24 a b 

a Significant mean difference when compared to T1 within the same subgroup, p <0.05 
b Significant mean difference when compared to T2 within the same subgroup, p <0.05 

* Significant mean difference between males and females, within the same time point, p <0.05 
‡ Significant mean difference between dissectors and prosectors, within the same time point, p <0.05 
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Figure 4.8: Summary of VAS-A Scores based on Intervention 

Error bars represent the standard error of the mean 
a Significant mean difference when compared to T1 within the same subgroup, p <0.05 
b Significant mean difference when compared to T2 within the same subgroup, p <0.05 
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Table 4.4: Themes and sample quotes from students’ questionnaire after the completion of their 

first laboratory. 

aNumber of quotes related to this theme. 

Theme (Sub-theme)                                        Sample Quotes 
Item: What did you like about the introductory film shown prior to your first 
laboratory? 

Anticipation and 
Uncertainty 

(N = 42) a 

• “Showed me the lab before I got there and gave me an idea 
of what to expect.” 

• “It showed us what to expect when we walk into the lab for 
the first time. It allowed us to get a little more comfortable 
knowing what to expect which I think helped with those who 
were nervous.” 

• “It was a really good way to introduce students to the lab so 
that there is less uncertainty going in. It makes you more 
comfortable with the lab room and environment.” 

• “The video allowed me to see what the lab room and entry 
looked like before going in which reassured me.”  

• “I really did not know what to expect going into the first lab… 
definitely helped give me a better idea …” 

• “Showed a glimpse of what was come to prepare the viewer 
to actually being in the lab.” 

• “Seeing the lab made it less of an overwhelming experience, 
I knew what to expect!” 

Uncertainty 
related to tasks 

(N = 14) 

• “It introduced the cadaver to us and showed an outline of the 
first dissection lab” 

• “It helped show what we would be doing so that the first time 
lab experience was not such a shock.” 

• “It showed me what to expect when I first entered the lab and 
what we would be preforming on our donor that day.” 

• “Gave a good brief overview of what were going to be doing 
in the lab that day. I think it would be helpful to have one of 
these videos before every lab. “ 

• “… gave a very informative decription of what to expect in the 
lab. I had a very good idea of what I was about to do in the 
lab.” 

• “It helped show what we would be doing so that the first time 
lab experience was not such a shock.”  

Uncertainty 
related to 

cadaveric-view (N 
= 20) 

• “You got to see the cadaver before hand so it was not as 
scary as my mind made it out to be  

• “prepares us for the discomforting appearance of the back  

• “ Great preparation for exactly what to expect. The time 
lapsed dissection was especially helpful and impressive!  

• “…prepared me for what was to be seen (ie the skin removal 
process).” 
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• “… seeing a donor being dissected on helped me lessen the 
nervousness.“ 

Emotional 
Preparedness (N = 

10) a 

• “… prepares us on what we are going to be doing and seeing” 

• “I like that it prepared me for what I was to expect in the lab.” 

• “it prepared me for what I was walking into, instead of 
assuming the worst case” 

• “It very much lessened my apprehension going into that first 
session.” 

• “…it allows you to somewhat prepare for what the lab 
environment is like so that you feel more comfortable when 
you get in there.” 

Emotional 
Management 
(anxiety and 

comfort) 
(N = 18) a 

• “Loved it, made me feel way more comfortable about the 
entire experience….” 

• “…. allowed us to get a little more comfortable knowing 
what to expect … …helped with those who were nervous”  

• “It had a very pleasant tone, made the viewer feel more 
relaxed…” 

• “…. It made me less nervous because I knew what to 
expect.” 

Welcoming and 
Relatable 

(Film Attributes) 
(N = 14) a 

• “I enjoyed the upbeat tone and how it presented everything 
in a warm, pleasant manner.” 

• “I liked the positive vibe and atmosphere portrayed during the 
video. It had a welcoming approach that was simple and 
effective.” 

• “Shot very well- puts it into perspective of student which is 
really relatable.” 

• “It was from the perspective of the student, so we would know 
exactly what to expect”  

Informative and 
Captivating 

(Film Attributes) 
(N = 16) a 

• “The time lapsed dissection was especially helpful and 
impressive!” 

• “Everything is awesome about the cinematography and 
editing” 

• “it was very thorough video showing the whole first day 
experience” 

• “It was very informative and helpful” 

• “simple. to the point” 

• “The video was engaging and very interesting as I got to learn 
many things about how the anatomy lab actually works.” 

Positive 
Realizations 

(N = 6) a 

• “I liked the positive vibe and atmosphere portrayed during the 
video. It had a welcoming approach that was simple and 
effective.” 

• “It was interesting and showed a general idea of what we 
were going to be doing. It also made it look an environment 
in which the students were comfortable.” 
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• “I enjoyed the warm atmosphere and how it set everything 
up. It was nice to have an idea before I went in of what to 
expect.” 

• “Video made going to the lab a very interesting and exciting 
event. Where I was previously intimidated by it, after the 
video I felt a lot better about the support and welcoming vibe 
of the video.” 

Item: What did you not like about the introductory film shown prior to your first 
laboratory? 

Discomforting 
Visuals 

(N = 10) a 

• “I personally felt extremely anxious and more upset after 
viewing the demonstration of the dissection in the video. I felt 
the way the cadaver was presented in the video was much 
different than the way the cadaver actually looks in the lab. I 
began to question if I was actually able to go through with 
completing the lab. I felt anxious to begin with, and the video 
did not make me feel any more reassured.” 

• “It seemed shocking to see the cadaver at first but I think it 
was better to see it in video before in the lab.” 

• “I found the demonstration of the dissection made me very 
anxious to enter the lab and see the condition of the donor, 
however I think the demonstration done in this way may have 
made the actual experience of the dissection more 
manageable.” 

 

Unexpected 
Visuals 
(N = 3) a 

• “The video showed a very direct view of what was to come in 
the lab without a warning. It made me feel a little tense. 
Perhaps there could be more of a lead-up for people who are 
slightly more anxious about entering the lab for the first time.” 

• “I didn't like how the frame jumped to the donor. I would have 
preferred it slowly went to a table in a lab and showed the 
donor and then moved to the aerial shot, preferably with the 
donor’s heads wrapped like in lab. That sh*t was just 
overwhelming when I was so nervous to start with! But the 
video as a whole definitely helped! thank you!” 

• “I think there should have been a little more prompting prior 
to showing the donor in the video although it was 
EXCELLENT to be able to see that in virtual form before 
seeing it in real life as a preparation however it did take me 
by surprise.” 
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4.2.5 Discussion 

Our findings indicate that non-medical undergraduate health sciences students 

enrolled in a third-year cadaveric-based human anatomy course undergo mental distress 

in the form of increased anxiety prior to their first cadaveric experience. Further, this 

heightened anxiety state was reduced through the use of a short cadaveric-based 

introductory film prior to students’ first laboratory. Equally, it appears that other 

interventions, such as a mindfulness exercise, also reduced students’ anxiety. Finally, it 

appears that gender differences were observed; relative to males, females reported 

higher VAS-A scores. It is important to note this is the first study to use extremely short 

interventions and anxiety measures (<10 minutes burden per student) in order to examine 

and reduce the anxiety state of non-medical undergraduate students prior to their first 

cadaveric-based laboratory. 

Pre-Laboratory Anxiety  

Irrespective of the intervention group, and relative to the initial VAS-A scores (T1), 

the largest reduction in anxiety was identified at the third time point, immediately after 

students experienced their first cadaveric-based laboratory. Numerous studies conducted 

on medical students have reported similar results, with students experiencing the highest 

anxiety immediately before entering the laboratory, an anticipatory reaction that 

diminishes soon after the students are exposed to the cadavers (L. A. Arráez-Aybar et 

al., 2004; Evans & Fitzgibbon, 1992; Quince et al., 2011; Snelling et al., 2003). In fact, 

the anticipation of entering the laboratory and seeing the cadavers appears to be more 

emotionally distressing than the experience itself (Böckers et al., 2012). When anxiety 

score differences pre- and post-laboratory are indirectly compared to scores of medical 
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students, through percentage change, it appears that our undergraduate students 

experienced two-fold the reduction of anxiety after their first laboratory relative to medical 

students (Casado et al., 2012; Criado-Álvarez et al., 2017; Romo Barrientos et al., 2019). 

Although speculative, this difference could be due to previous life experiences, as on 

average approximately 50% of medical students had seen a cadaver prior to their first 

cadaveric-based laboratory, a figure that is unavailable for undergraduate non-medical 

students (L.-A. Arráez-Aybar et al., 2008). Given the above, these observations may 

suggest the presence of an anticipatory phobic reaction in undergraduate anatomy 

students, similar to that seen in medical students, that dissipates once students confront 

the new exposure and experience (L. A. Arráez-Aybar et al., 2004; Boeckers & Boeckers, 

2016; Iaconisi et al., 2019; Quince et al., 2011).  

Introductory Film Intervention 

We developed a short cadaveric-based film with the intent of imparting the 

importance of the human anatomy education, introducing students to the laboratory 

facility and environment, familiarizing students to the sight of the donor, and exploring the 

tasks of the first dissection. The film was designed to address the anticipation and 

uncertainties students may hold towards the laboratory, with the primary goal of reducing 

their pre-laboratory anxiety. When comparing the pre-iFilm to the post-iFilm VAS-A 

scores, our results demonstrate the effectiveness of a short cadaveric-based introductory 

film to reduce the heightened anxiety non-medical undergraduate students experience 

prior to their first cadaveric-based laboratory.  

Several emotional and physical reactions have been documented related to 

students’ first cadaveric exposure, of which anxiety appears to be the most severe and 
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most studied (Boeckers & Boeckers, 2016). Heightened anxiety has been linked to 

several negative physical and psychological responses, such as nausea, dizziness, 

fainting, sleeplessness, and nightmares (L. A. Arráez-Aybar et al., 2004; Cahill & Ettarh, 

2009; Mulu & Tegabu, 2012). Additionally, heightened anxiety has been shown to 

negatively impact students’ educational experience, performance, and overall intellectual 

development  (Baddeley, 1992; Casado et al., 2012; Darke, 1988; Owens et al., 2012). 

While the use of audiovisual modalities to manage the anticipatory anxiety 

students face prior to their first cadaveric dissection has been reported with great success 

in multiple studies, it has always been examined in the context of medical schools, using 

lengthy interventions and burdensome anxiety measures. Not only did we successfully 

utilize audiovisual material to manage the negative emotional impact associated with the 

first cadaveric experience of non-medical undergraduate students, but we also did so 

utilizing a short intervention (<3.5 minutes), and a rapid anxiety measurement scale (VAS-

A) that is less burdensome than the STAI (Abend et al., 2014), thereby reducing the data 

collection burden on our already anxious students in an already time-dense curriculum, 

and allowing students to enter the laboratory sooner, mitigating further anticipation of a 

future event, thereby anxiety (Grupe & Nitschke, 2013). 

Our short, yet informative introductory film that addresses the anticipatory 

representation of a possible future event anxious students experience (Grupe & Nitschke, 

2013), is in large successful due to the novel technique of time-lapse photography 

discussed in chapter 4, allowing students to preview a continuous vision of the first 

cadaveric dissection that would typically take approximately an hour, within a one-minute-

long clip. Consequently, utilizing an intervention that emphasizes an accurate prediction 
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of future events addressed the uncertainty related to tasks and goals of the first 

laboratory, and associated donor visuals  (Grupe & Nitschke, 2013). This finding was 

corroborated by the qualitative feedback received from participants after their first 

laboratory pertaining to the benefits and drawbacks of the introductory film. Primarily, the 

most frequent emerging positive theme suggests students appreciate the film’s ability to 

uncover the uncertainty related to the laboratory, specifically the tasks associated with 

the first laboratory, and the view of the donor. In fact, some students suggested that not 

only did the introductory film prepare them for the laboratory, it also made the first 

laboratory tasks much more manageable, requesting having similar resources that 

showcase dissection expectations and tasks for future laboratories (Chapter 4). 

Additionally, another theme that emerged is emotional management, suggesting 

the film successfully mentally prepared the students for the laboratory and reduced their 

anxiety, corroborating the qualitative results. Finally, by showcasing the laboratory facility 

as a bright, clean room, fostering a positive learning environment portrayed by scenes of 

happy students interacting with teaching assistants, we may have been able to any 

negative preconceived notions gained from other students or sources related to the 

laboratory environment and cadaveric-views, which have been shown to negatively 

impact students’ emotions (Dickinson et al., 1997; Hafferty, 1991). Overall, the strength 

of anxiety reduction student experienced within this study using our short introductory film 

intervention is similar to that experienced by medical students after watching a 23-minute-

long video (L. A. Arráez-Aybar et al., 2004), this may suggest that the use of time-lapse 

photography in our introductory film successfully delivered all the content required to 

positively manage students’ emotions. 
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Mindfulness Intervention 

Interestingly, utilizing a finger labyrinth during the short mindfulness intervention 

also significantly reduced pre-laboratory anxiety state. This significant reduction in anxiety 

was observed in both genders (i.e., males and females), and both laboratory experiences 

(i.e., dissectors and prosectors). Although a reduction in self-reported anxiety state was 

expected, a stronger effect of anxiety reduction when compared to the introductory film 

intervention was not expected. Literature shows that mindfulness is an effective 

intervention for anxiety, as students are focused on the “present” as opposed to worrying 

about the “then” (Carmody & Baer, 2008; Grupe & Nitschke, 2013). And mindfulness 

activities, such as an 8-week mediation program, have been shown to reduce anxiety in 

premedical students (Shapiro et al., 1998). However, there isn’t a large pool of research 

examining the effects of a short mindfulness intervention, such as a finger labyrinth, on 

anxiety state, using a validated anxiety measure. This study adds a large contribution to 

the limited finger labyrinth educational research.  

“Other” Interventions 

I Furthermore, it appears that all the “other” interventions also reduced students’ 

anxiety state prior to their first cadaveric-based laboratory, with a comparable strength in 

anxiety reduction as that observed in the mindfulness intervention. Despite our 

anticipation of a small reduction trend, we did not expect it to be significant. However, this 

significant reduction in anxiety state may be explained by the framework of anxiety, in 

that worrying about the future is what leads to an increase in anxiety state (Grupe & 

Nitschke, 2013; Steimer, 2002). Therefore, similar to mindfulness, an intervention that 

forces the mind to focus on the now, as opposed to the then, aids in the reduction of 
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anxiety (Grupe & Nitschke, 2013). Effectively, all the “other” interventions distracted 

students from thinking about what to come. 

Additional aspects related to each of the other interventions could be examined. 

For example, the short promotional college event video showcased to students may have 

acted as a cognitive distractor with its visual and auditory components (A. Patel et al., 

2006), thereby distracting students’ from thinking about what to come. In the chocolate 

intervention where a mini-chocolate bar was provided to students for consumption, 

although long-term consumption of sweets has been linked to a negative emotional 

impact (Knüppel et al., 2017), immediate short-term effects of chocolate consumption 

have been shown to reduce anxiety state (Martin et al., 2012). Lastly, as for the final 

intervention, which entailed a short candid discussion with the course professor, it 

effectively acted similar to the iFilm, uncovering the uncertainty of what to come verbally, 

thereby comforting and reducing students’ anxiety state. Therefore, this suggests that the 

inclusion of any short intervention prior to students’ first laboratory exposure may be 

beneficial in mediating students’ heightened anxiety state.  

Gender differences  

The effect of gender on anxiety has been documented on several occasions. 

Studies have shown that females tend to experience a stronger emotional effect when 

compared to males, especially before a cadaveric-based experience (Bernhardt et al., 

2012; Böckers et al., 2012; Boeckers & Boeckers, 2016; Charlton et al., 1994; Dickinson 

et al., 1997; Dinsmore et al., 2001; Hancock et al., 2004; Quince et al., 2011; Romo 

Barrientos et al., 2019; Snelling et al., 2003). In fact, not many studies reported similar 

anxiety levels between males and females (Romo Barrientos et al., 2019; Snelling et al., 
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2003). There are several reasons as to why females report higher anxiety scores when 

compared to males; this may be because females are more likely to report stronger 

negative reactions (Evans & Fitzgibbon, 1992; Quince et al., 2011; Snelling et al., 2003); 

females have a greater tendency to admit troubling feelings (Bernhardt et al., 2012; 

Dickinson et al., 1997; Labaste et al., 2019); females express more fears about death 

(Dickinson et al., 1997); males typically exhibit a lower level of an emotional response 

than females (Charlton et al., 1994); and males appear to be more protected from anxiety 

than females (Labaste et al., 2019). Regardless of the reason, literature found similar 

trends as to what was observed in this study, where females started with a higher anxiety 

state when compared to males, and then converged to a similar lower anxiety score after 

their first cadaveric experience (Romo Barrientos et al., 2019).  

In the mindfulness intervention cohort, there were no significant differences in 

anxiety state related to laboratory experience; however, gender differences existed. 

Overall anxiety trends in both males and females appeared to be the same, where both 

genders experienced a significant reduction in anxiety state after completing the 

mindfulness exercise, and once again at the completion of the first laboratory experience. 

However, it appears that females started with a significantly higher level of anxiety state 

when compared to their male counterparts prior to the administration of the mindfulness 

exercise. The gender-related anxiety difference appeared to be halved at each of the two 

subsequent time points, where post-laboratory anxiety scores were nearly identical 

across both genders.  

Interestingly, the introductory film conveyed a different experience based on 

gender and laboratory experience when compared to the mindfulness intervention, 
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specifically in the female cohort. Prior to watching the introductory film and relative to 

males, females expressed a higher anxiety state, an observation in line with the 

mindfulness cohort. However, after watching the introductory film, females did not 

experience a significant decrease in anxiety, whereas males did. Further analysis 

revealed that laboratory experience was also a major component at the post-intervention 

time point. It appears that dissection-based females experienced a small yet significant 

reduction in anxiety after watching the introductory film. Conversely, although not 

significant, prosection-based females experienced the opposite effect, a rise in anxiety. 

After their first laboratory experience, both genders experienced a significant reduction in 

anxiety. Although there was a convergence in gender-related anxiety score differences, 

females remained significantly more anxious than males. Interestingly, relative to 

laboratory experience, it appears that a divergence in laboratory-experience related 

anxiety score differences,  where prosection-based students reported significantly higher 

anxiety scores when compared to dissection-based students. Further analysis 

showcases that female prosection-based concluded the laboratory with a very high 

anxiety level, comparable to that of males prior to entering the laboratory. 

iFilm Limitations  

It is evident that our dissection-based introductory film was not as effective at 

positively managing anxiety in females when compared to their male counterparts, and 

students enrolled in the prosection-based laboratory experience when compared to 

students enrolled in the dissection-based experience. Specifically, it appears the 

introductory film had a detrimental effect on females enrolled in a prosection-based 

laboratory experience. There are several correctable factors within the film that may have 
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impacted its overall efficacy at managing students’ negative emotions, especially for the 

aforementioned subgroups.  

First, we created a film that will prepare the dissection-based students for their first 

laboratory experience, showcasing the steps to conduct their first dissection. However, 

we were not clear in stating to the prosection-based students that they will not have to 

perform a dissection in their first laboratory; perhaps this inaction contributed to the film’s 

ineffectiveness in the prosection-based cohort, as corroborated by the “overwhelming 

expectations” theme (Table 4.4). Similar negative effects were observed by Doasni & 

Neuberger (2016) in medical students, where an introductory video showcasing a 

dissection was viewed prior to entering their first laboratory, despite it being a prosection-

based laboratory experience (Dosani & Neuberger, 2016).  

Second, the cadaveric-based scenes were presented in the film without a warning 

or a graduated exposure that would’ve helped students adapt (Casado et al., 2012). This 

point also interwinds with our third, that is, during the cadaveric dissection time-lapse 

scene, the donor’s head was uncovered, an aspect that is not true to the real laboratory 

experience. The head and genitals tend to be the most anxiety-causing regions for human 

anatomy students (Bernhardt et al., 2012). Additionally, research shows that females tend 

to be more negatively affected by the head region of a donor when compared to males 

(Snelling et al., 2003). Fourth, in the dissection time-lapse scene, a superficial dissection 

of the full-back is shown, contrary to what students are expected to do, which is to 

dissection their assigned half of the donor only, as discussed in the curricular framework 

section (Chapter 3.2.3.2). This may have led some students to be overwhelmed with the 

expected tasks of the first laboratory. The second, third, and fourth points were 
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corroborated by the two negative themes exposed in the qualitative feedback, suggesting 

that students were shocked, without warning, with disturbing visuals, and overwhelming 

expectations (Table 4.4). These shortcomings may have been the reason why the 

mindfulness intervention outperformed our introductory film. 

However, irrespective of the shortcomings discussed and the reduced strength in 

anxiety reduction when compared to the mindfulness exercise, our introductory film was 

overall successful in preparing the students for their first cadaveric laboratory. In fact, 

embedded within students’ qualitative feedback pertaining to the shortcomings of the 

introductory film are powerful comments suggesting despite an increased effect on 

anxiety during the classroom viewing of the film, students felt the film better prepared 

them for the laboratory portion. Although speculative, this may be the reason as to why 

we have not had any students fainting in subsequent years where the introductory film 

was utilized. 

“I didn't like how the frame jumped to the donor. I would have preferred it slowly 

went to a table in a lab and showed the donor and then moved to the aerial shot, 

preferably with the donor’s heads wrapped like in lab. That sh*t was just overwhelming 

when I was so nervous to start with! But the video as a whole definitely helped! thank 

you!” 

“There was nothing I did not like, it just made me a bit more nervous as I did not 

know what to expect, and once I understood that we were going to be removing skin and 

fat I got slightly nervous, but it was good to know what was going to happen.” 
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4.2.6 Study Limitations  

There are several limitations to this study that should be considered: First, the 

study population was not gender or laboratory experience balanced, thereby influencing 

data interpretation; Second, the multi-cohort design of this study prevented direct 

comparison of results associated with the different interventions. Third, research shows 

that many factors impact students’ emotional state prior to their cadaveric-based 

laboratory, such as cultural differences and barriers, recent bereavement, and prior 

exposure to a deceased body  (Evans & Fitzgibbon, 1992; Horne et al., 1990; Leung et 

al., 2006; Quince et al., 2011). As the University of Guelph is a multicultural university, 

with students that have a vast diversity of backgrounds and experiences, the 

aforementioned data should have been collected and included in the analysis. This is 

especially true for future studies where a comparison between different cohorts is 

necessary; Fourth, although the intent of this study was to cause the least burden to 

students utilizing short assessments and interventions, and despite the great attributes of 

using the rapid VAS-A to record anxiety scores, it is difficult to determine where the true 

cut-off level of VAS-A scores lies that is suggestive of anxiety presence. Correlation of 

VAS-A and STAI-S scores across different populations to attain a VAS-A cutoff is not 

recommended, due to the large discrepancy in scores related to different populations and 

affected by age, culture, and experience (Hornblow & Kidson, 1976; Rossi & Pourtois, 

2012).  

4.2.7 Study Future Directions  

Thus, a study which directly compares interventions, with balanced gender and 

laboratory experience groups, is required to assess the efficacy of each intervention. 
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Furthermore, future research directions include validating VAS-A scores with STAI-A 

scores, thus establishing VAS-A cutoff scores that are indicative of anxiety among 

nonmedical undergraduate students in North America. Another promising future direction 

is to correlate physiological measures, such as heart rate and blood pressure, to a 

psychometric instrument such as the VAS-A (Hughes & Black, 2006). Another research 

direction is to explore the use of alternative background music in the iFilm. Although we 

incorporated bright and up-lifting music, there is evidence that classical music is more 

effective than other types of music at mediating anxiety (Akin, 2021). In addition, the short 

mindfulness exercise was shown to have a significant effect in positive mediation of 

students' anxiety; it may be interesting to examine the effects of a mixed intervention 

utilizing the introductory film first, followed by the mindfulness exercise. 

4.2.8 Conclusion 

In conclusion, as per our hypothesis, undergraduate non-medical students 

undergo a negative emotional response prior to their first cadaveric experience in the form 

of increased anxiety. A short introductory dissection-based film successfully mediated 

students’ anxiety and better prepared them for their first cadaveric laboratory, as did the 

use other short interventions such as a mindfulness exercise. The resources required to 

make this film were minimal, its short length does not burden the curriculum, and the 

ability to use repeatedly over future years makes it a great investment. Developing and 

incorporating a similarly short introductory film at the start of the year would be beneficial 

for universities that offer a cadaveric-based human anatomy course to undergraduate 

students. Future research into a mixed intervention using a cadaveric-based film and a 

short mindfulness exercise is recommended.   
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Chapter 5: COMPUTER ASSISTED LEARNING IN AN 

UNDERGRADUATE DISSECTION-BASED HUMAN 

ANATOMY LABORATORY     
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5.1 Chapter Introduction 

Human anatomy education has traditionally been delivered through cadaveric 

dissections and didactic lectures (Flack & Nicholson, 2018). However, there are many 

challenges associated with offering anatomy courses that exclusively use cadaver 

dissection (Dinsmore et al., 1999; Flack & Nicholson, 2018; Granger & Calleson, 2007; 

Topp, 2004; A. B. Wilson et al., 2018). At the forefront are the expense, resources, and 

logistical issues that are associated with a cadaveric-based human anatomy program. 

Cadavers may not be available due to increased shortage in cadaver donations and time 

for preservation, high cost for preparation and maintenance of the cadavers, space 

required for cadaver storage, security, and time required by staff to maintain donors and 

run such a facility (Flack & Nicholson, 2018; Ghosh, 2017; McLachlan et al., 2004a; 

McLachlan & Patten, 2006; Wright, 2012). Institutions also face a shortage of qualified 

faculty who are able to teach cadaveric-based human anatomy courses. Another major 

concern is safety, which affects the availability of dissection-based courses in human 

anatomy. The handling of cadavers involves significant legal implications as well as health 

hazards, such as formaldehyde exposure and the transmission of cadaveric pathogens 

to students (Gupta & Pandey, 2020; Mingorance et al., 2021; Raja & Sultana, 2012).  

As a result of these challenges and concerns, a multimodal approach to teaching 

anatomy has become popular, and it is widely accepted that a mixed economy of teaching 

methods is the most effective means of imparting knowledge (Drake & Pawlina, 2014; E. 

O. Johnson et al., 2012). The utilization of technology in anatomical education features 

strongly in this model, and based on current trends, interactive computer-assisted 

learning resources integrating audiovisual aids is gaining popularity. Tools that can 
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enhance the curriculum as well as increase the efficiency of the laboratory are essential 

in order to provide the same quality education while using fewer resources (Greene, 2020; 

Reeves et al., 2004; Trelease et al., 2020). 

The use of CAL resources in anatomy education is becoming increasingly popular, 

in part because of the previously described limitations associated with providing a 

comprehensive dissection-based experiences.  Additional reasons include technological 

advances, cost, accessibility, and the positive impact CAL resources have on students' 

learning (Gupta & Pandey, 2020; Trelease et al., 2020). Using CAL resources in the 

curriculum is very cost-efficient for an institution, and it may also alleviate the burden that 

students face when purchasing several textbooks, atlases, and laboratory guides. 

Further, CAL resources are very accessible, as there are several effective and efficient 

delivery methods. As benefits to students, CAL resources can promote self-directed 

learning, reducing the dependence of students on faculty, which would help overcome 

the ongoing shortage of qualified anatomy instructors (Flack & Nicholson, 2018; A. B. 

Wilson et al., 2018). Instructional CAL resources also offer the students procedural 

learning, an integral part of dissection. Furthermore, introducing instructional CAL 

resources prior to the learning material serves to activate the previous knowledge and 

cognitive structure related to the new learning material (Sweller, 1994; Woolfolk, 2004). 

CAL resources that depict dissection-based images also serve to familiarize the students 

with the subject, reducing their anxiety, and increasing their awareness of the importance 

of human anatomy (L. A. Arráez-Aybar et al., 2004; L.-A. Arráez-Aybar et al., 2008; Bati 

et al., 2013; Wisenden et al., 2018). Through means such as donor family video 

interviews, CAL resources have further been shown to encourage professionalism, 
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confidentiality, respectful behavior and humanism to students in gross anatomy education 

(Flack & Nicholson, 2018; Greene, 2020; Kostas et al., 2007). 

There are currently a wide variety of CAL resources available for use in anatomy 

education, including software, electronic atlases, and videos (Gupta & Pandey, 2020; 

Romanov & Nevgi, 2007; M. D. B. S. Tam et al., 2009; A. B. Wilson et al., 2018). 

Nevertheless, many educational CAL resources do not meet the requirements of high-

quality education and may contain inaccurate information (Duncan et al., 2013). As well, 

although some resources may be of a high quality, they do not necessarily align 

specifically with the learning objectives of the courses delivered at the University of 

Guelph (Pascoe & Betts, 2020). With the increased emphasis on clear articulation of 

learning outcomes, and the need to demonstrate student proficiency in these areas, it is 

important to have congruency within the resource (Biggs, 1996; Pascoe & Betts, 2020).  

The University of Guelph is one of only a few institutions in Canada to offer 

dissection-based anatomy courses to non-medical undergraduate students. Many of the 

challenges associated with running a dissection-based anatomy program previously 

described are currently being faced by the University of Guelph. Limited space and 

resources, coupled with an increasing enrolment trend, warrant the development and 

evaluation of a course-specific CAL resource in order to improve laboratory efficiency and 

student learning. In accordance with the principles of multimedia design (Mayer, 2009, 

2019, 2020), we aim to develop an anatomy-based CAL resource that aligns with the 

learning objectives of the third-year non-medical undergraduate course at the University 

of Guelph. Through the use of advanced imaging and post-productions techniques, 

including time-lapse photography, we will be able to provide continuous sequences of 
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dissections and associated procedures and techniques in short audio-visual modules, 

with an emphasis on the identification of anatomical structures and their associated 

relationships, presented to students through an interactive CAL resource. In addition, we 

will incorporate anatomical concepts into the laboratory setting through the principles of 

constructive and self-directed learning in order to promote students' activation and 

integration of prior classroom knowledge and to aid in the development of a deeper 

understanding of the subject matter  

Our major goals are to 1) produce and incorporate curriculum-relevant videos that 

clearly and simply illustrate laboratory objectives and dissection techniques, 2) obtain 

quantitative and qualitative measures of student use characteristics and satisfaction in 

the CAL resource, 3) and correlate CAL resource use and satisfaction with students’ 

contextual learning approach and course performance.    
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5.2 Cadaveric-based Audiovisual Interactive Laboratory Guides to Enhance Dissection-based 

Human Anatomy Education in a Non-Medical Undergraduate Program 
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5.2.1 Abstract 

Cadaveric laboratories are considered by many to be the gold standard for 

teaching human anatomy, a subject that is foundational to most healthcare professions. 

Advances in technology and limitations in curriculum time and resources has led to the 

development of a wide variety of computer-assisted (CAL) learning resources. Most of 

the research regarding the use of CAL in anatomy education has focused on medical 

schools; limited literature specifies the use of CAL  in undergraduate, non-medical 

programs. With this research, we developed a curriculum-relevant, cadaveric- and 

dissection-based CAL resource for use in our program; targeted students were enrolled 

in dissection- or prosection-based courses.  The CAL resources demonstrates anatomical 

structures, relationships and concepts, as well as dissection techniques and procedures. 

After incorporating the resource, our goals were to determine students’: 1) use 

characteristics of the resource, 2) satisfaction with the resource, 3) performance in the 

courses, and 4) approaches to learning. 

In this quasi-experimental study, third-year undergraduate students in the 

dissection (n = 184) and prosection (n = 31) laboratory experiences had access to the 

resource. The dissection cohort utilized the resource much more frequently than the 

prosection cohort  (35.18% p < 0.0005), with laboratory and dissection referencing being 

the main reason cited for its use. Qualitative data analysis from student surveys and focus 

group data from teaching assistants suggest that the CAL resource improved laboratory 

task efficiency by enabling students to become self-sufficient and independent of teaching 

assistants for guidance on laboratory tasks and identification of basic anatomical 

structures, while improving dissection time efficiency and preventing irreversible 
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structural damage to tissues. Relative to the control cohort, students with access to the 

CAL resources saw an improvement in course grades. Additionally, students with access 

to the CAL resource experienced a decrease in DA scores and an increase in SA scores. 

However, multiple linear regression analysis revealed no significant correlation between 

grade scores and students' approach to learning. In addition, relative the control cohort, 

students perceived course workload to be higher with the CAL resource and requested 

that this resource be made available outside of the noisy and often crowded laboratory 

setting. When comparted to the control cohort, students with CAL resources access rated 

course resources highly, perceived the course to provide clear goals and standards, 

improved learning resources, and were generally more satisfied with the course. Further 

study of the integration and dissemination of CAL resources in the curriculum is 

warranted.  
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5.2.2 Introduction 

Human anatomy is generally recognized as the foundation of most healthcare-

related professions (Aziz et al., 2002; Chan & Pawlina, 2020; Greene, 2020; McLachlan 

& Patten, 2006; Older, 2004; Pawlina & Lachman, 2004). While the gold standard of 

human anatomy education (HAE) has traditionally been didactic lectures accompanied 

by cadaveric dissections, significant advancements in computing and imaging 

technologies have led to questions being raised about the role technology should have in 

HAE (Chan & Pawlina, 2020; Flack & Nicholson, 2018; Ghosh, 2017; Older, 2004; K. M. 

Patel & Moxham, 2008; A. B. Wilson et al., 2018). Dissection-based laboratories present 

a high cognitive load to students (Choi-lundberg et al., 2016). They are required to learn 

new procedural skills, identify anatomical structures and relationships, and integrate 

anatomical concepts, all while using specialized terminology to describe these structures 

and their locations within the body (Aziz et al., 2002; Greene, 2020). It is crucial to utilize 

innovative technologies in order to maximize the use of students' limited laboratory time 

effectively, especially in light of the decline in contact hours as a result of curricular 

reforms and a lack of resources (Bergman, 2015; Drake et al., 2009, 2014; Ghosh, 2017). 

Furthermore, other challenges such as the shortage of qualified anatomy faculty, and 

global crises such as the COVID-19 pandemic, have accelerated the necessity to explore 

new supplementary modalities (Aziz et al., 2002; Chan & Pawlina, 2020; Gupta & Pandey, 

2020). As human anatomy education continues to evolve in the 21st century, dissection-

based laboratories are being supplemented and, in some cases, replaced by innovative 

technologies (Aziz et al., 2002; Elizondo-Omaña et al., 2005; Pascoe & Betts, 2020; 

Rizzolo et al., 2010; Trelease, 2002; A. B. Wilson et al., 2018). 
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There is an ongoing debate concerning the importance of dissection in human 

anatomy education, with both supporters and critics (Böckers et al., 2010; Dinsmore et 

al., 1999; H. Ellis, 2001; McLachlan, 2004; McLachlan et al., 2004a; McLachlan & Patten, 

2006; Pawlina & Lachman, 2004; Topp, 2004; A. B. Wilson et al., 2018). Dissection-based 

laboratories, however, remain a central component of human anatomy education, and 

are considered by many to be the gold standard and the basis of the subject (Rizzolo & 

Stewart, 2006; Romo-Barrientos et al., 2020). Through active learning, dissection-based 

laboratories allow students to reinforce and integrate the theoretical knowledge and 

concepts learned in the classroom, promoting a deeper level of understanding (Ghosh, 

2017; Greene, 2020; Korf et al., 2008; Topp, 2004). Dissection also permits students to 

gain a deeper understanding of the three-dimensional properties of the human body 

through tactile and sensory perception (Azer & Eizenberg, 2007; Aziz et al., 2002; Flack 

& Nicholson, 2018; Granger, 2004; Greene, 2020; Lempp, 2005; Ramsey-stewart et al., 

2010). Additionally, the dissection laboratory allows students to gain an understanding of 

anatomical variation by exposing them to multiple donors (Aziz et al., 2002; Flack & 

Nicholson, 2018; Ghosh, 2017; Granger, 2004; Korf et al., 2008). Dissection-based 

laboratories further encourage teamwork and leadership among students as they dissect 

within their assigned laboratory groups (Aziz et al., 2002; Flack & Nicholson, 2018; 

Lachman & Pawlina, 2006; Lempp, 2005; Raftery, 2007; Rizzolo & Stewart, 2006; Romo-

Barrientos et al., 2020; V. Singh & Kharb, 2013).  

Dissection, often regarded as a rite of passage into the field of medicine, provides 

students with the opportunity to be exposed to unique experiences while reflecting upon 

them in ways that promote the development of medical professionalism (Cahill & Ettarh, 



 

130 
 

2009; Crowe et al., 2008; Dosani & Neuberger, 2016; Dyer & Thorndike, 2000; Flack & 

Nicholson, 2018; Gunderman & Wilson, 2005). In addition, these laboratories provide 

students with their first professional contact with death, offering an opportunity for them 

to confront and learn how to handle the concept of death and dying (Aziz et al., 2002; 

Boeckers & Boeckers, 2016; Dickinson et al., 1997; Dyer & Thorndike, 2000; H. Ellis, 

2001; Hafferty, 1991; Kotzé & Mole, 2013; Marks et al., 1997; Romo Barrientos et al., 

2019). Moreover, the cadaver is often regarded as students' first patient, which allows 

them to develop respect and professionalism, improving future relationships with patients 

(Aziz et al., 2002; Granger, 2004; Lachman & Pawlina, 2006; Pawlina & Lachman, 

2004). Additionally, dissection has been praised for its ability to expose students to 

medical procedures without the risks involved with living patients (Azer & Eizenberg, 

2007; Flack & Nicholson, 2018; Ghosh, 2017; Gogalniceanu et al., 2008; Reidenberg & 

Laitman, 2002; Turney, 2007). 

Dissection-based laboratories, however, pose a number of challenges to academic 

institutions. At the forefront are the costs, resources, and logistical issues associated with 

a cadaveric-based human anatomy course (Wright, 2012). Cadavers are not always 

readily available due to a shortage in body donation, and there is a high cost associated 

with the preparation and maintenance of cadavers, as well as the need for adequate 

space for storage, security, and various legal considerations (Flack & Nicholson, 2018; 

Ghosh, 2017; McLachlan et al., 2004a; McLachlan & Patten, 2006; Wright, 2012). 

Institutions are also challenged by the shortage of qualified faculty to teach cadaveric-

based human anatomy courses (Dyer & Thorndike, 2000; Flack & Nicholson, 2018; 

McLachlan et al., 2004a; McLachlan & Patten, 2006; K. J. Thomas et al., 2011). 
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Furthermore, safety is another significant concern that affects the availability of cadaveric-

based laboratories. Legal implications and potential health hazards must be considered 

when handling cadavers, such as exposure and transmission of cadaveric pathogens or 

viral infections such as COVID19 (Gupta & Pandey, 2020; McLachlan & Patten, 2006; 

Mingorance et al., 2021; Raja & Sultana, 2012; Wright, 2012). 

 In response to these challenges, some institutions have reduced or even 

eliminated dissection. However, this has presented its own challenges. Institutions that 

reduced or even eliminated dissection from HAE have observed detrimental effects on 

students' anatomical knowledge, resulting in junior health care providers having an 

inadequate anatomical background for safe clinical practice, as well as an increase in 

medical litigation due to anatomical ignorance (DiLullo et al., 2006; H. Ellis, 2002; Flack 

& Nicholson, 2018; Kerby et al., 2011; Sugand et al., 2010; A. B. Wilson et al., 2018; 

Wright, 2012). Further, students recognized the importance of dissection-based 

laboratories and opposed their elimination (Azer & Eizenberg, 2007; Flack & Nicholson, 

2018; Hajj et al., 2015; Lempp, 2005; Ramsey-stewart et al., 2010). Consequently, many 

of these institutions reintroduced dissections-based laboratories into their HAE curriculum 

(DiLullo et al., 2006; Greene, 2020; Ramsey-stewart et al., 2010; Rizzolo & Stewart, 

2006). 

As well as posing challenges to educational institutions, dissection-based HAE 

also presents several challenges to students. Typically, students' first encounter with 

death and the concept of dying occurs in the dissection laboratory, and has been 

associated with negative emotional responses, often manifested in the form of heightened 

anxiety (Chapter 4) (Albabish et al., 2018a; L. A. Arráez-Aybar et al., 2004; Bati et al., 
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2013; Dickinson et al., 1997; Evans & Fitzgibbon, 1992; Ghosh, 2017; Iaconisi et al., 

2019; Romo-Barrientos et al., 2020; Wisenden et al., 2018). As a subject, HAE is also 

one with a high degree of cognitive load, particularly in the laboratory setting (Choi-

lundberg et al., 2016; Greene, 2020; Langfield et al., 2018; Romo Barrientos et al., 2019). 

It is not only necessary for students to learn a large volume of new information about 

anatomical structures, relationships, and concepts, but they must also become proficient 

in the unique language of medical terminology (Aziz et al., 2002; DiLullo et al., 2006; Flack 

& Nicholson, 2018; Inwood & Ahmad, 2005). Additionally, dissection is a new experience 

for most students and is accompanied by a high learning curve. Students need to acquire 

new psychomotor skills and master new techniques in order to successfully 

dissect  (DiLullo et al., 2006; Flack & Nicholson, 2018). Due to increasing class sizes and 

limited resources, students may not have immediate access to guidance and direction 

from teaching assistants within the laboratory, especially at the beginning of the semester, 

which might result in poor dissection quality and irreversible damage to structures of 

interest (Bergman, 2015; DiLullo et al., 2006; Inwood & Ahmad, 2005). Consequently, 

students do not only have a poor view of the anatomical structure and relationships of 

interest, but they also suffer from a loss of self-efficacy, which ultimately leads to a poor 

learning experience (Choi-lundberg et al., 2016; Greene, 2020; Langfield et al., 2018; 

Maddux, 1995). 

Recent advances, affordability, and accessibility to computing and imaging 

technologies capable of producing high-quality audiovisual material led to the 

development of cadaveric-based computer-assisted learning (CAL) resources to combat 

many of the challenges associated with dissection-based laboratories. Often the goals of 
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these CAL resources are to supplement dissection-based laboratories by demonstrating 

dissection tasks, procedures, and techniques or assisting students in identifying 

anatomical structures and relationships. In some cases, these resources may be 

designed in order to replace a portion of a laboratory dissection altogether (Choi-lundberg 

et al., 2016; DiLullo et al., 2006; Granger & Calleson, 2007; Greene, 2020; Inwood & 

Ahmad, 2005; Langfield et al., 2018; Mahmud et al., 2011; Saxena et al., 2008; Topping, 

2014). There have been instances where cadaveric-based audiovisual materials have 

been developed in order to impart respect and professionalism towards the donor, as well 

as to reduce the heightened anxiety associated with students’ experience prior to their 

first cadaveric laboratory (Chapter 4) (Albabish et al., 2018a; Casado et al., 2012; Iaconisi 

et al., 2019). 

Dissection-based CAL resources have usually been evaluated in terms of their 

impact on academic performance, with studies yielding a mix of results. While some 

studies have shown an increase in grades (Choi-lundberg et al., 2016; Saxena et al., 

2008; Topping, 2014), others have shown no change, or have shown inconclusive results 

(Granger & Calleson, 2007; Josephson & Moore, 2006; Mahmud et al., 2011). Despite 

this, most of these studies indicate that students prefer the inclusion of supplemental CAL 

resources. CAL resources have also been shown to promote curiosity and exploration, 

which are essential elements of successful adult learning (Chan & Uhlmann, 2020; M. D. 

B. S. Tam et al., 2009). CAL allows students to access these additional resources at any 

time and view the content at their own pace (M. D. B. S. Tam et al., 2009). Students found 

the CAL resources to be of great assistance in preparing for the laboratory dissections, 

reviewing and learning the anatomy associated with the dissection, and preparing for 
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laboratory and course examinations (Choi-lundberg et al., 2016; DiLullo et al., 2006). 

Students found CAL resources most helpful when they were developed by the instructors 

and aligned with the course and laboratory objectives, thereby reducing the amount of 

extraneous load associated with none-course specific content (Choi-lundberg et al., 2016; 

Kirschner, 2002; Pascoe & Betts, 2020; T. D. Wilson, 2020). 

Limited research has been conducted on the impact of dissection-based CAL 

resources on non-medical undergraduates. The majority of studies that developed and 

evaluated dissection-based CAL resources were conducted using medical students 

(Choi-lundberg et al., 2016; DiLullo et al., 2006; Granger & Calleson, 2007; Greene, 2020; 

Reeves et al., 2004; Saxena et al., 2008), or students of other healthcare professions 

(Pascoe & Betts, 2020). These CAL resources are often derived from lengthy audio-visual 

recordings of continuous dissections or edited recordings of non-continuous 

dissections. Furthermore, most of these studies employ a quasi-experimental design with 

historical controls who did not have access to the CAL materials. However, it is important 

to note that these studies often develop and implement their CAL resources in response 

to major curricular changes, which may obscure the interpretation of observed effects on 

learning associated with the CAL resource (Reeves et al., 2004; Topping, 

2014). Additionally, most of the studies examined only a sub-unit of the course rather than 

providing CAL resources for the entire semester (Mahmud et al., 2011; Pascoe & Betts, 

2020). It is essential to create and evaluate course-specific CAL resources for the 21st 

century students, since they are capable of easily adapting and grasping new 

technologies. If such resources do not exist, students will often explore media for learning 

anatomy independently, from online resources, which may not be accurate (Choi-
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lundberg et al., 2016; Ghosh, 2017; Gupta & Pandey, 2020; Pascoe & Betts, 2020). The 

impact of CAL resources on performance, as well as their capacity to maximize student 

confidence in the laboratory, merits further research (Greene, 2020; A. B. Wilson et al., 

2018).  

Our research goals were to design and create a dissection-based laboratory CAL 

resource and examine its impact on student learning. Therefore, in accordance with the 

principles of multimedia design (Mayer, 2005, 2009, 2019; Mayer & Moreno, 2003), a 

dissection-based CAL resource was developed in alignment with the learning objectives 

of the third-year non-medical undergraduate human anatomy course at the University of 

Guelph. Using advanced imaging and post-production techniques, including time-lapse 

photography, we were able to demonstrate continuous sequences of lengthy dissections 

and their associated procedures and techniques in short audio-visual modules, with an 

emphasis on the identification of anatomical structures and their associated relationships, 

presented to students through an interactive CAL resource. In Addition, through the 

principles of constructive learning and self-directed learning, anatomical concepts were 

also integrated into the laboratory setting through the CAL resource, in order to encourage 

students to activate and integrate prior classroom knowledge, thereby eliciting a deeper 

and richer understanding of the material (Bergman, 2015).  

Our main study objectives were to compare demographics, subjective course 

experience, approach to learning, and academic performance of DI and PRO students 

enrolled in the intervention cohort with access to our CAL resource, and a control cohort 

without access to the CAL resource. We also sought to characterize the use and 

satisfaction of the weekly CAL resources. In addition, we sought to investigate the 
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influence of the CAL resource use characteristics and satisfaction on DI and PRO 

students’ approaches to learning and course performance. Finally, through qualitative 

analysis, we sought to identify students’ perceptions regarding the value of the weekly 

CAL resources, and understand how the CAL resources can increase laboratory 

efficiency. 

Integrating CAL resources into the learning environment may result in a change in 

the students' perception of and motivation for learning (Svirko & Mellanby, 2008; Trigwell 

et al., 1999). We hypothesize that students who use the CAL resource will perceive a 

positive impact to their learning environment, thereby rating their course experience 

higher, adopting deeper learning approaches, and ultimately improving their performance 

in the course. In addition, we hypothesize that DI students will utilize the CAL resource 

more during the semester and will rate their satisfaction with the resource higher than 

PRO students. However, as DI students become more proficient in dissection techniques 

and strategies, there will be a decrease in the weekly use of the CAL resource. In addition, 

it is also hypothesized that by providing students with clear and effective guidance, 

students may perceive improved confidence and proficiency in the dissection process, 

leading to greater independence of teaching assistants for guidance relating to basic 

laboratory tasks and identification of anatomical structures, and increasing efficiency and 

quality of dissections. Ultimately, by utilizing the CAL resources, students' proficiency and 

dissection quality will improve, leading to improved motivation and self-efficacy, resulting 

in improved learning (Choi-lundberg et al., 2016; Langfield et al., 2018; Maddux, 1995).  



 

137 
 

5.2.3 Materials and Methods 

5.2.3.1 Participants 

Ethical approval was obtained from the Research Ethics Board at the University of 

Guelph (Guelph, ON, Canada). Participation in the study was voluntary and written 

consent was obtained from all participants prior to the start of the experiment. In this 

study, 296 third-year non-medical undergraduate students at the University of Guelph 

(Ontario, Canada), enrolled in a human anatomy course in the fall semester of 2016, were 

invited to participate in this research study as the experimental group. All students within 

the course attended the same lectures and assessments; however, they enrolled in one 

of two laboratory experiences, a dissection-based (DI) laboratory experience (n = 235) 

and a prosection-based (PRO) laboratory experience (n = 61). Third-year non-medical 

undergraduate students enrolled in the same course during the fall semester of 2015 

served as a historical control group (DI n = 226; PRO n = 80). Course instructor, class 

content, content delivery methods, laboratories (Table 5.1), and assessments (Table 5.2) 

were the same for both cohorts (i.e., 2015 and 2016).  

5.2.3.2 Course Description 

The Human Anatomy Program at the University of Guelph offers cadaveric-based 

human anatomy courses to non-medical undergraduate students at the third-year level. 

The courses span two-semester, covering the full body in a regional-based approach. In 

the fall semester, the back, upper limb, thorax, and abdomen regions are studied 

sequentially in lectures that are accompanied by cadaveric-based laboratories (Table 

5.1). Conversely, the pelvis, lower limb, and head and neck regions are studied in the 

winter semester. The first semester was the subject of this study. 
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The majority of students who take the third-year human anatomy course are 

enrolled in the Bachelor of Science in Human Kinetics (HK) major program or the Bachelor 

of Science in Biomedical Sciences (BIOM) major program. Students in the HK major are 

required to take the third-year human anatomy course to fulfill their degree requirements. 

In contrast, the third-year human anatomy course is optional as a restricted elective for 

students enrolled in the BIOM major. A small percentage of students, typically in the 

Biological Sciences major (BIOS), submit a special request to be enrolled into the third-

year human anatomy course, requiring instructor approval to be accepted. Apart from 

electives, most students enrolled in the HK, BIOM, and BIOS degree programs take the 

same classes during the first two years of their respective undergraduate degrees. 

To improve the program’s efficiency and maximize resource use, the course is 

offered in two different laboratory experience formats: a dissection-based laboratory 

experience and a prosection-based laboratory experience. Regardless of laboratory 

experience, all students attend the same weekly lectures. Lectures are primarily delivered 

in a didactic format, supplemented by PowerPoint slides and live anatomical schematic 

drawing demonstrations. The focus of the lectures is to convey to students the 

fundamental anatomical structures, relationships, and overarching concepts. Additionally, 

regardless of laboratory experience, all students are also subjected to the same 

assessments throughout the semester, including weekly laboratory oral assessments, a 

laboratory presentation, two laboratory bellringer type tests, and two major written tests 

consisting of multiple-choice and short answer questions (Table 5.2).  

During the laboratory sessions (Table 5.1), regardless of laboratory experience, 

students had access to the same resources, such as osteology stations, skeletons, 
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laboratory textbooks, laboratory atlases, instructor-generated laboratory guides 

(dissection instructions and important structures to identify), and prosected specimens 

(concept specific specimens that have been professionally prepared). Moreover, teaching 

assistants were present during the laboratory sessions at a ratio of one assistant per 

twenty students. Teaching assistants provided students with task guidance and helped 

identify structures when necessary. The 2016 cohort had access to an additional 

resource; specifically, our dissection-based CAL resource.     

During their respective laboratory experience, the students were assigned to small 

groups of seven or eight members per donor station. Students enrolled in the dissection-

based laboratory experience were tasked with performing weekly dissections within their 

three-hour laboratories, on their assigned half of the donor. Students were required to 

remove the skin, fat, and fascia as part of their weekly dissections in order to expose and 

identify muscles and structures, as well as innervation and blood supply that were 

pertinent to that week's lecture content. Conversely, students enrolled in the prosection-

based laboratory experience attended a two-hour weekly laboratory session and were 

only tasked with identifying muscles and structures, as well as innervation and blood 

supply, which corresponded to the lecture content of that week. In addition to having 

access to the same resources as their counterparts who had enrolled in a dissection-

based laboratory experience, prosection-based students also had access to the weekly 

dissected donors completed by their peers. Therefore, the prosection-based laboratory 

experience cohort witnessed the gradual dissection of a whole donor throughout the 

course of the academic year while the dissection-based laboratory experience cohort 

actively engaged in the whole donor dissection.  
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Table 5.1: Summary of Laboratory Objectives for HK*3401 and HK*3501 (Fall 2015/16 semesters). 

Week 1:  Back I 

• Superficial Back: Latissimus dorsi, trapezius, rhomboid major, rhomboid minor, levator scapulae 

• Vertebral Column: Vertebral canal, meninges, spinal cord 

Week 2:  Back II 

• Intermediate Back: Serratus posterior (superior and inferior) 

• Deep Back: Erector spinae, transversospinales and segmental groups of muscles 

• Scapular Region: Deltoid, supraspinatus, infraspinatus, teres minor, teres major 

• Other Structures: Spinal accessory nerve and superficial transverse cervical artery; dorsal scapular 
nerve and artery (deep transverse cervical artery); axillary nerve and posterior humeral circumflex 
artery; suprascapular nerve and artery. 

• Relevant osteology 

Week 3:  Upper Limb I 

• Anterior thoracoappendicular muscles: Pectoralis minor, pectoralis major, subclavius, serratus 
anterior, long thoracic nerve 

• Axilla – Boundaries (Anterior wall: pectoralis major/minor; medial wall: serratus anterior; posterior 
wall: subscapularis, teres major and latissimus dorsi) 

• Brachial Plexus: Cords (medial, lateral and posterior) and branches. 

• Other Structures: Axillary artery and branches, axillary vein. 

• Relevant osteology (ie., clavicle, scapula and proximal humerus) 

Week 4:  Upper Limb II 

• Anterior Compartment of Arm: biceps brachii, brachialis, coracobrachialis, relevant nerves and 
blood vessels 

• Posterior Compartment of Arm: triceps brachii; relevant nerves and blood vessels 

• Cubital Fossa Boundaries: anterior, posterior, medial and lateral 

• Cubital Fossa Contents (radial nerve, biceps tendon, brachial artery, median nerve) 

• Anterior Forearm  
Superficial Layer: pronator teres, flexor carpi radialis, palmaris longus, flexor carpi ulnaris 

• Forearm Intermediate Layer: flexor digitorum superficialis 

• Forearm Deep Layer: flexor pollicis longus, flexor digitorum profundus, pronator quadratus 

• Relevant nerves and blood vessels 

Week 6:  Thorax I 

• Intercostal spaces, intercostal muscles, intercostal nerves and arteries. 

• Internal Thoracic Arteries: superior epigastric artery, musculophrenic arteries, pericardiacophrenic 
arteries 

• Nerves: phrenic nerves, vagus nerves 

• Mediastinum: borders and boundaries 

• Middle Mediastinum:  heart, pericardium, coronary vessels 

• Relevant osteology 

Week 7:  Thorax II 

• Heart: atria, ventricles, valves, valve components, visible embryological remnants 

• Superior Mediastinum 

• Posterior Mediastinum 

• Pleural cavities and lungs 

Week 8:  Abdomen I 

• Celiac Trunk: branches and structures supplied 

• Superior Mesenteric Artery: branches and structures supplied 

• Inferior Mesenteric Artery: branches and structures supplied 

Week 9:  Abdomen II 

• Anterolateral Abdominal Wall: external obliques, internal obliques, transversus abdominis, rectus 
abdominis, rectus sheath, peritoneum, fascia transversalis 

• Testis: layers of scrotum, spermatic cord, superficial inguinal rings, deep inguinal rings 
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In this cadaveric-based course, a mix of methods to evaluate the course's learning 

outcomes were utilized. Students were graded based on weekly laboratory oral 

assessments, a laboratory presentation, two laboratory bell-ringer-type tests, and two 

major written tests (Table 5.2). Weekly laboratory oral assessments are intended to 

facilitate a discussion pertaining to the content and concepts studied each week, thereby 

ensuring students remain current with course knowledge and helping to recognize 

students need of additional assistance. The weekly laboratory oral assessments occurred 

during the last fifteen minutes of each laboratory session. The teaching assistants 

facilitated these discussions using a pre-defined list of weekly questions provided in 

advance. Teaching assistants engaged one group at a time with a discussion. The 

students were evaluated based on their ability to think critically, solve problems, and 

formulate answers both individually and collectively.  

In order to promote leadership, teamwork, and communication skills, laboratory 

groups were further divided into two or three student subgroups and assigned to a 

regional-based unit (back, upper limb, or thorax and abdomen). The students in each 

subgroup were viewed as the team leaders for their respective regions. The team leaders 

were responsible for delegating laboratory tasks to the other group members in order to 

ensure everyone in the group learned the necessary content. During the last week of 

each laboratory unit, group leaders were required to present the anatomy of their 

assigned region to their peers and teaching assistants in a concise, accurate, organized, 

and clear manner through a five-minute oral presentation that employs the assigned 

cadaver as the main presentation aid. An instructor-generated rubric was used to assign 

students a grade out of twenty, based on the aforementioned attributes of an effective 
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presentation. Further, at the end of the presentation, the entire group undergoes a 

comprehensive laboratory oral assessment administered by the teaching assistant, 

focusing on comprehension and application questions pertaining to the presented unit.  

During the course of the semester, students complete two non-cumulative, major 

examinations; both examinations are comprised of written and practical components. The 

written component of each major examination is comprised of multiple choice and short 

answer questions.  The relative proportion of students’ marks achieved from multiple 

choice versus short answer questions is generally equal (i.e., multiple choice: 25 marks; 

short answer: 25 marks). For the practical component of the major examinations, students 

complete 26 practical stations (i.e., 25 stations and 1 bonus station). Each practical 

station consists of an A and a B question, and because of the inclusion of the bonus 

station, students may achieve a maximum of 52 marks out of 50. 

Table 5.2: Assessment strategies adopted in HK3401 and HK3501 

Assessment Components % Final Grade Content 
Written Test 1 

(Mid Semester) 

25 MC Questions 

25 Short Answer Marks 
22.5% Back, Spinal Cord, Upper Limb:  

Labs 1 – 6 and Associated 

Lectures 
Practical Test 1 

(Mid Semester) 

25 Stations, 1 Bonus. Two 

Questions Per Station 
22.5% 

Written Test 2 

(End of Semester) 

25 MC Questions 

25 Short Answer Marks 
17.5% Thorax and Abdomen:  

Labs 7 – 11 and Associated 

Lectures 
Practical Test 2 

(End of Semester) 

25 Stations, 1 Bonus. Two 

Questions Per Station 
17.5% 

Laboratory Progress 

(Weekly) 
Oral Quizzes 10% Labs 1 – 11 

Group Presentation  

Five-minute Oral Prestation 

1 of 3 possible Laboratory 

Demonstrations 

10% 

Labs 1 – 2 (Back/Spinal Cord) 

Labs 3 – 5 (Upper Limb) 

Labs 7 – 10(Thorax/Abdomen) 
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5.2.3.3 CAL Resource Design 

At the outset of each laboratory period, teaching assistants provided a brief 

overview of laboratory objectives and major dissection steps. Despite having access to a 

commercially available dissection guide, students were generally hesitant to begin 

dissecting prior to meeting with a teaching assistant for confirmation of dissection steps 

and / or techniques. Throughout the laboratory periods, teaching assistants were  heavily 

relied on for dissection guidance, and structure identification.  

With the development of a curriculum relevant CAL resource, our main objective 

was to provide students with clear, concise and content relevant dissection instructions, 

enabling students’ self-sufficiency and thus, maximizing the use of laboratory time.  

Additionally, by integrating course concepts within the CAL resource, we hoped to 

promote the integration of theoretical concepts and practical application within the 

laboratory, thus aiding students in gaining a deeper understanding of human anatomy 

(Gupta & Pandey, 2020). 

Over the course of approximately 200 hours of dissection of the back, upper limb, 

thorax, and abdomen, over ten thousand photos were captured and processed 

individually, 10 hours of HD video were captured, and a large number of schematics were 

created. As a result, these various media were edited and produced into ten narrated 

modules, averaging 8.8 minutes per module. Consequently, 200 hours of continuous 

dissection were demonstrated within 1.6 hours. In total, 10 modules were created (i.e., 

back unit: 3 modules; upper limb unit: 3 modules; thorax unit: 2 modules; abdomen: 2 

modules) (TABLE 5.3). The modules were packaged into an interactive CAL resource 
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compliant with AODA requirements and made available to students in their weekly 

laboratory periods. 

Several factors were considered in developing these comprehensive, yet concise, 

modules, including educational framework theories, multimedia design principles, 

constructive alignment, technical considerations, content organization and presentation, 

course concept integration, and final implementation. A detailed account of learning 

outcomes, dissection goals, dissection techniques, and anatomical concepts presented 

in the back unit modules can be found in Table (TABLE 5.5). 
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Table 5.3: A summary of modules created and incorporated into the CAL resource. Length of each 

module, dissection goals, and a brief content overview is provided. 

Back 1: Dissection Techniques and Superficial Back 
(8:10 Minutes) 

Dissection Goals Module Content 

• Understand dissection tools & 
techniques 

• Learn skin reflection & fascia 
removal 

• Identify superficial muscles of 
back region 

00:31 Overview TL of skin and fascia dissection, and 
identify relevant muscles 
1:25 Review skin dissection techniques 
4:55 Overview the superficial back muscles and their 
associated landmarks 
6:25 Dissect the fascia 

  

Back 2: Superficial Back and Shoulder Regions 
(9:29 Minutes) 

Dissection Goals Module Content 

• Understand dissection tools & 
techniques 

• Reflect the trapezius, 
supraspinatus, infraspinatus, 
and deltoid muscles 

• Locate the nerves and blood 
vessels associated with these 
muscles 

00:25 Overview laboratory dissection 
1:00 Reflect the trapezius muscle and identify associated 
landmarks and neurovasculature 
2:55 Review supraspinatus, infraspinatus, and deltoid 
muscles, their associated landmarks, and neurovasculature 
4:32 Reflect the supraspinatus 
6:35 Reflect the supraspinatus 
8:40 Review dissected structures 

  

Back 3: Intermediate and Deep Back 
(6:23 Minutes) 

Dissection Goals Module Content 

• Reflect the rhomboids minor 
and major 

• Reflect the latissimus dorsi 

• Reflect the serratus posterior 
superior & inferior 

• Define the erector spinae 
muscles group 

00:29 Overview laboratory dissection 
1:00 Review the levator scapula, rhomboid minor, 
rhomboid major, and supraspinatus muscles, their 
associated landmarks, and neurovasculature 
2:55 Reflect the rhomboids minor and major 
4:00 Review and reflect the latissimus dorsi 

  

Upper Limb 1: The Axilla and Axillary Artery 
(10:03 Minutes) 

Dissection Goals Module Content 

• Skin reflection & fascia removal 

• Borders of the axilla 

• Reflection of pectoralis major 
and minor 

• Identification of the axillary 
artery and its branches 

00:41 Identify the borders of the axilla 
01:35 Review the overall timelapse of the laboratory 
02:10 Remove skin and fascia 
03:06 Reflect the pectoralis major 
04:30 Dissect and reveal the axillary artery and its 
branches 
08:46 Reflect the pectoralis minor 

  

Upper Limb 2: Brachial Plexus 
(11:07 Minutes) 

Dissection Goals Module Content 

• Understand the organization of 
the brachial plexus 

0:30 Identify the borders of the axilla 
01:25 Review the brachial plexus and its branches 
(schematic) 
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• Locate and identify branches of 
the brachial plexus, their paths, 
and muscles innervated 

• Examine important anatomical 
relationships in the axillary 
region 

07:08 Dissect the axillary region and locate the brachial 
plexus 
08:25 Identify the brachial plexus and its branches  

  

Upper Limb 3: Arm and Forearm 
(10:23 Minutes) 

Dissection Goals Module Content 

• Understand the muscle groups 
and compartments of the arm 
and forearm 

• Locate and identify major blood 
vessels in the arm and forearm  

• Locate and identify major 
innervation patterns in the arm 
and forearm 

00:29 Review the timelapse of the arm and forearm 
dissection 
01:19 Review the compartments of the arm and forearm, 
associated actions, innervation, and blood supply 
02:35 Dissect the arm and forearm 
04:45 Dissect and reveal the ulnar and median artery, their 
path, and identify their supply structures 
7:40 Dissect and reveal the musculocutaneous, median, 
and ulnar nerves, path, and identify their innervated 
structures 
9:30 Dissect and reveal the radial nerve path and identify 
its innervated structures 

  

Thorax 1: The Thoracic Cavity 
(12:45 Minutes) 

Dissection Goals Module Content 

• Dissect and identify the layers 
forming the anterolateral 
abdominal wall 

• Locate the external inguinal ring 
and spermatic cord 

• Expose the abdominal cavity 

00:40 Identify boundaries of the thoracic cavity 
01:40 Identify the origin of internal thoracic artery 
03:30 Dissect the anterior thoracic wall 
05:40 Dissect the internal surface of the anterior thoracic 
wall 
07:20 Identify the content of the thoracic cavity 
08:40  Dissect, reveal and identify the phrenic nerve 
10:20 Dissect and reveal the pericardium & heart 
 

  

Thorax 2: Removal of the Lungs & Heart 
(5:10 Minutes) 

Dissection Goals Module Content 

• Dissect and identify the layers 
forming the anterolateral 
abdominal wall 

• Locate the external inguinal ring 
and spermatic cord 

• Expose the abdominal cavity 

00:40 Review techniques for heart removal 
01:10 Remove the lungs 
02:10 Remove the heart 

  

Thorax 3: The Posterior Mediastinum 
(6:09 Minutes) 

Dissection Goals Module Content 
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• Dissect and identify the layers 
forming the anterolateral 
abdominal wall 

• Locate the external inguinal ring 
and spermatic cord 

• Expose the abdominal cavity 

00:40 Review the thoracic cavity 
03:35 Dissect the posterior thoracic wall 
05:55 Identify the VAN and the SAT structures 
 

  

Abdomen 1: Content and Blood Supply of the Abdominal Cavity 
(10:19 Minutes) 

Dissection Goals Module Content 

• Dissect and identify the layers 
forming the anterolateral 
abdominal wall 

• Locate the external inguinal ring 
and spermatic cord 

• Expose the abdominal cavity 

02:50 Locate, dissect, and identify the celiac Trunk 
06:15 Reveal and identify the SMA 
08:38 Reveal and identify the IMA 
 

  

Abdomen 2: The Layers of the Abdominal Wall 
(7:18 Minutes) 

Dissection Goals Module Content 

• Dissect and identify the layers 
forming the anterolateral 
abdominal wall 

• Locate the external inguinal ring 
and spermatic cord 

• Expose the abdominal cavity 

02:50 Review the layers of the anterolateral abdominal wall 
06:15 Dissect and reveal the external obliques 
06:15 Dissect and reveal the rectus abdominis 
06:15 Dissect and reveal the internal obliques 
06:15 Dissect and reveal the transversus abdominis 
 

 

5.2.3.3.1 Frameworks of Multimedia Learning 

5.2.3.3.1.1 Cognition in Multimedia 

The creation of effective E-learning educational content should be based on 

established cognitive psychological principles in order to ensure optimal student learning. 

The E-learning Theory, also known as the Cognitive Theory of Multimedia Learning, 

describes a series of cognitive principles used to optimize learning using various digital 

modalities (V. Wang, 2012). It is founded on established cognitive theories, namely the 

Information Processing Theory (IPT) and the Cognitive Load Theory (CLT). 



 

148 
 

5.2.3.3.1.1.1 Information Processing Theory 

In E-learning, IPT describes the manner in which information is collected from 

educational content, is organized, and then integrated to create new memories. Sensory 

organs, namely the eyes and the ears, first collect visual information from images and 

text, and auditory information from narration, to store in sensory memory, a reservoir for 

temporary storage, through separate visual and auditory channels (Mayer, 2019; Paivio, 

1969). Important information relevant to the learner is then selected-for and transferred 

to working memory, where it is further organized into refined verbal and pictorial mental 

models (Mayer & Moreno, 2003). The information then undergoes an integration process 

with related prior knowledge that is already stored in long-term memory (Mayer & Moreno, 

2003). 

5.2.3.3.1.1.2 Cognitive Load Theory 

CLT identifies the inherent limitations of working memory during learning and 

describes the resulting disruptions in information processing when too much content is 

inappropriately processed at a time by the mind (Nguyen & Clark, 2005; Sweller, 1988). 

Cognitive load is the amount of used resources by working memory at any given time and 

refers to the units of information that are required to be processed as ‘schemas’ (Bartlett, 

1933; Sweller, 1988). CLT also recognizes the limited capacity of working memory, which 

has the ability to concurrently hold a maximum of about seven schemas (G. A. Miller, 

1956). Thus, the processing of information, which may include such tasks as organizing, 

contrasting, or comparing, is inherently restricted by fundamental limitations of the mind 

(Sweller et al., 1998). Therefore, executing tasks that require resources beyond available 

capacity results in overloading the working memory and leads to poorly executed tasks 
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with disrupted learning (Chandler et al., 1991; Sweller, 1988, 1994). There are three types 

of cognitive load described by CLT that exist during learning: intrinsic, extrinsic, and 

germane. Intrinsic cognitive load, which is processed and managed through essential 

processing, refers to the level of the inherent difficulty of the information being processed 

by working memory (Kalyuga, 2011; Nguyen & Clark, 2005). While this type of cognitive 

load cannot be easily reduced or manipulated by educators, as it is an integral aspect of 

the instructional content, extrinsic cognitive load, managed by extraneous processing, 

refers to unnecessary information or stimuli in the method by which information is taught, 

that can be manipulated by instructors (Kalyuga, 2011; Nguyen & Clark, 2005). Finally, 

germane cognitive load, managed by generative processing, provides scaffolding for the 

learning process and occurs when a new schema is being created (Kalyuga, 2011; 

Nguyen & Clark, 2005). 

5.2.3.3.1.1.3 E-Learning Theory 

E-learning theory (ELT) hinges on IPT and CLT and is therefore based on three 

core assumptions: the dual-channel assumption, the limited capacity assumption, and the 

active learning assumption (Mayer, 2009, 2019). The dual-channel theory, also known as 

the dual-coding theory, states that the brain has two separate channels for processing 

auditory and visual information (Paivio, 1969). Furthermore, the limited capacity principle 

states that the brain has a limit in the amount of information it can process concurrently 

(G. A. Miller, 1956). Finally, the active learning principle describes how the brain selects 

relevant information from presented content, organizes and constructs it into a mental 

representation, and integrates it with existing knowledge in a conceptually-coherent way 

(Mayer & Clark, 2002; Wittrock, 1989). ELT provides a set of twelve principles to help 
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educators design their instructional content in a way that is optimized for cognitive 

processing and learning (Mayer, 2009). It aims to minimize extraneous processing and 

foster essential and generative processing to avoid cognitive overload and promote 

meaningful learning (Mayer & Moreno, 2003). There are twelve principles for instructors 

to use to maximize the effectiveness of their educational content (Table 5.4). 

Table 5.4: The twelve principles of e-learning theory in order to optimize cognitive processing and 

learning. 

Principles Description 

1. Coherence 
Avoiding the use of irrelevant pictures, videos, images, audio, or text that do not 
serve the instructional goal. 

2. Contiguity 
Aligning the relevant text and images spatially and temporally to ensure they are 
processed as a single schema. 

3. Segmenting Partitioning the instructional content into smaller sub-components. 

4. Learner 
Control 

Providing students, the opportunity to control the instructional pace. 

5. Modality Using graphics and narration, as opposed to videos and text. 

6. Multimedia 
Using both graphics and narration in order to engage both the visual and the 
auditory channels. 

7. Personalization 
Narrating content in a conversational style, as opposed to one that is formal or 
monotone. 

8. Pre-training 
Providing the names and the characteristics of key concepts prior to delivering 
the instructional content. 

9. Redundancy 
Using graphics and narration to remove redundancy instead of graphics, 
narration and text. 

10. Signaling 
Using visual cues such as arrows and highlights to direct attention to important 
information. 

11. Voice Using a natural human voice instead of a robotic voice. 

12. Image 
Using only the narrative voice of the instructor and removing their picture from 
the E-learning content 

 

5.2.3.3.1.2 Constructive Alignment 

Introducing new E-learning instructional material into a course needs to be 

methodical to integrate it with the existing course content effectively. Thus, the new 

material should parallel the learning outcomes of the course, should be designed in such 

a way that fosters optimal engagement for achieving these outcomes, and finally, should 
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include assessments for instructors to determine how well the learning outcomes were 

attained by students (Biggs & Tang, 2011; X. Wang et al., 2013). 

Constructive Alignment (CA), an educational principle founded in the constructivist 

philosophy and an outcome-based method to teaching, provides an approach for 

instructors to design their course material to be more effective for learners (Biggs & Tang, 

2011; X. Wang et al., 2013). CA helps educators first define the intended learning 

outcomes for students prior to teaching the course content with the intended goal of 

fostering deep learning (Biggs, 1996; Mcmahon & Thakore, 2006). The instructional and 

evaluation methods are then created based on these intended outcomes to best achieve 

and assess these outcomes' accomplishments (Biggs & Tang, 2011). 

CA applies not only at the course-level, but also at all other levels of instructional 

design, including at the program-level and at the individual level when new learning 

resources are being added to a course  (Biggs & Tang, 2011; X. Wang et al., 2013). Thus, 

in order to effectively design and introduce new E-learning resources, its intended 

learning outcomes should first be expressly defined, then aligned to that of the course, 

as well as to that of the institutional program that the course exists in. Additionally, the 

instructional approach by which the content is delivered to the students, including the 

audio and visual content and the teaching medium, and the assessment methods that 

measure the standard to which the outcomes were achieved, should align with and be 

constructed around the intended learning outcomes that the new resource and the course 

intend to achieve. This method of instructional design has been shown to foster deep 

learning with more effective outcomes for learners (Nightingale et al., 2007; X. Wang et 

al., 2013). 
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Given the benefits offered by CA, the CAL resources were carefully designed to 

ensure they were integrated and aligned with all of the learning outcomes provided in the 

course outline. A short CAL resource had been developed to cover the learning objectives 

and content for each laboratory session. Furthermore, time-lapse videos reflected each 

laboratory session's dissection progress goals, while at the same time integrating the 

teaching of important anatomical concepts throughout each module at the same depth 

that students were exposed to in-class lectures. Additionally, the modules were designed 

to maximize their level of internal alignment. The intended learning outcomes were 

presented to students at the start of each module (Table 5.5). In this way, learners were 

able to familiarize themselves with an overview of the objectives and content that each 

module would cover and assess their learning expectations. A summary of the learning 

objectives was then provided at the end of each module for students to review in order to 

determine if they had achieved the stated learning outcomes (Table 5.5). 

5.2.3.3.1.3 Bloom’s Taxonomy  

Defining suitable learning outcomes and effectively communicating them to 

students were also important instructional design features of the E-learning modules. For 

this, Bloom’s taxonomy (BT) was used as a framework for hierarchically categorizing 

learning and skill acquisition goals (Bloom, 1956). BT provides a way of ordering these 

educational skills and abilities in three domains: cognitive, affective, and psychomotor 

(Bloom, 1956). BT’s framework helps instructors design their course content in a way that 

is appropriate for the depth of student learning needed to be achieved, and to design 

assessment content that correctly evaluates the students’ achievements of these learning 

goals (Anderson et al., 2001). The latest version of BT’s cognitive domain hierarchy is: 
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remember, understand, apply, analyze, evaluate, and create. Thus, according to BT, for 

a student to apply knowledge, they must first understand it. Similarly, the hierarchy of the 

psychomotor domain is: reflex, basic fundamental movements, perceptual abilities, 

physical abilities, skilled movements, and non-discursive communication (Harrow, 1972). 

While the cognitive domain applies mostly to academic learning outcomes, such as 

learning new anatomical concepts, the psychomotor domain applies to the learning goals 

of physical abilities, such as dissection skills (Bloom, 1956; Thompson & O’Loughlin, 

2014). 

Bloom’s taxonomy additionally provides the vocabulary required to most effectively 

communicate learning outcomes to students, while placing emphasis on the use of direct-

action verbs as a means of maximizing clarity. Consequently, the use of unambiguous, 

measurable verbs such as “label”, “compare”, and “locate” should be used when learning 

outcomes are being defined by instructors (Anderson et al., 2001). In contrast, vague 

verbs such as “improve”, “observe”, or “appreciate” should be avoided as they do not 

provide students with appropriate assessable goals (Anderson et al., 2001). Later 

renditions of BT, including the Blooming Anatomy Tool (BAT), have been developed for 

a number of educational disciples (Thompson & O’Loughlin, 2014). BAT is a valuable 

adaptation of BT’s first four levels of the cognitive domain used in anatomy education 

(Thompson & O’Loughlin, 2014), and was utilized throughout the CAL resource to 

effectively define and communicate the learning outcomes and overarching educational 

goals of the resource  (Table 5.5).  
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5.2.3.3.2 Technical Design Considerations 

A cadaver generously donated to the University of Guelph Human Anatomy 

Program was exclusively used for this project. Exclusive laboratory space was utilized for 

this setup, which included a heavy-duty custom-built ceiling track system mounted directly 

over the dissection station, a computer station, and all the photography and videography 

equipment (Chapter 3.3: Setup: Dissection and Photography Station). 

From May 2015 through November 2016, the author performed all dissections and 

media captures. Many aspects of this project were informed by a pilot project conducted 

during the author's master's degree, such as the dissection station design, image capture 

techniques, module design, and theoretical framework. In addition, advice from experts, 

including the director of the human anatomy program at the University of Guelph, Dr. 

Lorraine Jadeski, and building engineers, was reviewed and considered prior to the start 

of the project. Additionally, each dissection series was carefully planned based on the 

syllabus, laboratory outline, and course learning outcomes of the third-year 

undergraduate human anatomy course. The research included consultation with Dr. 

Jadeski and the use of various dissection guides and textbooks.  

5.2.3.3.2.1 Photography Equipment and Setup 

The primary camera used for this project was a Canon EOS 6D Mark I full-frame 

DSLR with a Canon 40mm prime lens. Additionally, a Canon 60D DSLR camera with a 

Canon 50mm lens were used to capture images and videos from different angles. These 

lens and body combinations provides excellent image quality, sharpness, and a wide 

dynamic range for capturing images and videos (Chapter 3.3.1: Cameras). 
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The dissection-progress series, which would be used for the time-lapse sequence, 

was taken from a superior view of the cadaver, which was either in a prone or a supinated 

position on the dissection table. Accordingly, the Canon 6D was mounted on the custom-

designed ceiling track, which permitted precise linear and angular movements for precise 

setup of shots and full coverage of the cadaver station. The rugged construction of the 

track ensured that it was not susceptible to vibration or accidental movements of the 

camera, a crucial requirements for a flawless time-lapse video that cannot be met with a 

typical tripod setup, especially over an extended period of time. Furthermore, two 

independently controlled LED lights were mounted on the ceiling track, providing optimal 

lighting. Further images and videos were captured from varying angles using a Canon 

60D configuration with professional videography tripods (Chapter 3.3.2: Ceiling Track). 

The use of this setup was critical in order to correct the flaws uncovered in the pilot 

project, where the time-lapse series suffered from a lot of unwanted movements as a 

result of using a fragile camera mount. In addition, distracting shadows also plagued the 

time-lapse series as a result of inadequate lighting. By correcting these issues, we limited 

unnecessary distractions, weeded unnecessary information, and reduced extraneous 

processing according to the coherence principle (Mayer, 2009). 

5.2.3.3.2.2 Audiovisual Media Acquisition, Creation, and Processing 

To ensure proper exposure in still images, three main principles of photography 

must be taken into consideration: aperture (F-stop), ISO sensitivity, and shutter speed 

(Chapter 3: Figure 3.1). Additional light can be captured through manipulation of these 

variables; however, at the expense of noise, blurriness, or a shallower depth of field (3.4 

Technical Considerations for Media Acquisition). It is noteworthy that in contrast to 
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photography involving moving subjects or handheld cameras, both the subject and 

camera in this project were stationary. Due to the fact that there is no motion blur during 

a slow shutter speed, adjustments to other factors can be made without concern for the 

blurriness, resulting in a properly exposed image with a high depth of field, excellent 

image sharpness, and minimal noise. Images were captured in RAW format and imported 

into the desktop computer. They were individually processed and edited in Adobe Bridge 

(version CC, Adobe Systems, San Jose, CA, USA) and Camera Raw (version CC, Adobe 

Systems, San Jose, CA, USA). Colours were manually graded to produce an accurate 

and consistent representation of the donor in each image series, ensuring colour 

consistency over the course of the dissection. Furthermore, a variety of digital 

adjustments were applied to each image, such as corrections for lens distortion, 

adjustments for sharpness and luminosity, removal of accidental distractors such as tools 

and cadaveric tissue, all of which resulted in images of superior quality compared to those 

processed onboard the DSLR (Chapter 3.5.1 Photo Editing). The coherence principle is 

applied when visual distractors are removed using the described procedure, allowing the 

learner to transfer more information from working memory to long-term memory 

(Bergman, 2015; Mayer, 2009). 

For videography, similar technical considerations apply for proper exposure, 

however approached in a slightly different manner. With the aid of external LED lights to 

eliminate shadows and expose deeper structures, high-quality media was captured of 

dissections and structures from an array of angles gaining a different perspective (3.4 

Technical Considerations for Media Acquisition). The video media captured was colour 

graded in Adobe Premier (version CC, Adobe Systems, San Jose, CA, USA), resulting in 
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an accurate representation of the donors and a colour profile consistent with the still 

images. 

To illustrate anatomical structures and concepts, Adobe Photoshop (version CC, 

Adobe Systems, San Jose, CA, USA) and Adobe Illustrator (version CC, Adobe Systems, 

San Jose, CA, USA) were used to create schematics and graphics. A series of 

anatomically and positionally correct schematics were also employed to illustrate the 

locations of various anatomical structures prior to dissection. Working with a dissection 

series offers an advantage in that an image can be captured in later stages of the series, 

exposing a structure of interest. That structure can then be traced into a schematic for 

placement in the module, thereby providing an accurate anatomical and positional 

representation of the object. For example, an image captured later in the superficial back 

dissection series, clearly demonstrated the proximal and distal attachments of trapezius 

muscle.  From this digital, cadaveric-based image, a simple line drawing (i.e., schematic) 

was created, for later incorporation onto the cadaveric-based image.  Because the 

schematic of trapezius was created from the cadaveric-based image, when superimposed 

on an image of the same donor’s undissected back region, it provided a simple visual 

map of the location and attachments of trapezius, in relation to relevant surface 

landmarks. Likewise, schematics of neurovascular structures were incorporated to assist 

students to visualize their locations/pathways relative to surface landmarks, osteological 

structures and muscles (Chapter 3.5.2: Graphical Designs). Using graphics, overlays, and 

schematics as visual cues to highlight or direct attention to important information is a tenet 

of the signaling principle and can reduce cognitive load by reducing the amount of 

extraneous processing (Bergman, 2015; Chan & Pawlina, 2020; Mayer, 2009). 
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A professional Blue Yeti microphone was used in a sound-damped environment to 

narrate the module. The audio was digitally processed to improve clarity. This was 

achieved by creating an average background noise profile for each of the segments of 

the audio and subtracting this profile from the overall sound waves of the file, thereby 

decreasing background noise. Chapter 3 of this thesis provides additional technical 

details pertaining to media acquisition, creation, processing, and production. 

5.2.3.3.2.3 Time-lapse Photography 

As an educational tool, time-lapse photography can provide a useful method for 

conveying to students the progress of processes that are imperceptible and therefore 

difficult to observe in real-time, such as the slow movement of celestial bodies, the 

progress of various chemical and biological processes, or any slow incremental changes 

made to an object over a period of time (Liu & Li, 2012; Hinchcliffe, 2005; Vollmer & 

Möllmann, 2018; Rybar, et al. 2014). Educational time-lapse videos have been shown to 

better reveal key details within such processes and help learners visualize these lengthy 

events that may otherwise be too inconceivable for them  (Liu & Li, 2012).  

Cadaveric dissection is a time-consuming and complex process, and each minute 

is an invaluable educational experience. As a result, lengthy dissection-based videos tend 

to be produced. While it is possible to speed up these longer videos during playback, it 

may cause an increase in extraneous processing due to distractions associated with the 

rapid movements of the dissecting hands and the dissection tools, resulting in cognitive 

overload, as suggested by the coherence principle. Additionally, most videography 

equipment cannot handle the wide dynamic range and depth of field associated with some 

deeper dissections. In addition, only a limited amount of data can be captured and 
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processed during the recording process, which makes it difficult to edit or zoom into 

different structures while maintaining quality and clarity during the editing process 

(Chapter 3.2: Time-lapse Photography and Education). 

Consequently, sequential images were captured throughout the dissection using 

the ceiling-mounted Canon 6D camera. To ensure continuous flow, images were captured 

at each small dissection step. For instance, the dissector avoided removing a 

considerable amount of fascia or making a continuous incision without first dividing those 

procedures into smaller steps, and capturing an image at each smaller step. In the case 

of removing fascia from an area of one-inch square, approximately ten photographs need 

were taken; therefore, a procedure that may take one minute to finish could take ten 

minutes. Prior to taking each of these photos, the dissector must ensure that no cadaveric 

tissue or instruments are visible in the frame or the background. Furthermore, there 

should not be changes in lighting, shadows, or donor tissue color between shots. Despite 

being a laborious process, this technique offers several advantages concerning video 

quality and content. A primary advantage of this technique is the ability to produce a video 

with a shifting temporal frame to demonstrate several hours' worth of progress in a matter 

of minutes. In addition, using RAW images that were captured and processed accordingly 

allows for a video with superior quality, sharpness, details, depth of focus, and a wide 

dynamic range. Effectively, structures that were difficult to observe in a regular video are 

now easily visible. Further, the ability to capture individualized photographs with complete 

control over what is in the frame eliminates visual distractions such as the dissector's 

hands or tools, "weeding" unnecessary information.  Moreover, by editing each frame, 

one can remove any distractors present, highlight structures of importance, and zoom in 
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very clearly upon specific regions. Consequently, "weeding" out unnecessary information, 

signaling specific information, reducing extraneous processing and mitigating cognitive 

overload  (Bergman, 2015; Ghosh, 2016; Mayer, 2009) (Chapter 3.5.1: Photo Editing). 

Individually edited photographs from a sequence were renamed numerically in 

order to create a time-lapse sequence, thus compensating for deleted photographs. After 

importing the files into Adobe Premier Pro, they were processed at a frame rate of 12-14 

frames per second, depending on the sequence. Following this, each sequence was 

nestled and incorporated into the respective modules, thereby maintaining the file's 

original full resolution and details (Chapter 3.5.3: Time-lapse and Module Composition). 

5.2.3.3.2.4 Module Editing and Creation 

Adobe Premiere Pro was used to integrate photos, videos, time-lapse sequences, 

schematics, graphics, text, and audio into the final video modules. This integrative 

process is conducive to the multimedia principle of generative processing; with a 

combination of auditory and visual data, the likelihood of cognitive overload of one 

channel is reduced (Bergman, 2015; Ghosh, 2016; Mayer, 2009). To minimize extraneous 

processing and mitigate cognitive overload, the content was first weeded by trimming 

excess audiovisuals while maintaining the sequential flow of information in accordance 

with the coherence principle. Next, the text and schematics were synchronized with the 

cadaveric visuals and positioned accordingly according to the principle of spatial 

contiguity. Furthermore, by synchronizing the audio with the actions present in the video, 

the temporal contiguity principle is applied (Bergman, 2015; Ghosh, 2016; Mayer, 2009). 

In order to increase the benefits of essential processing, the content was presented in 

smaller sections according to the segmentation principle, architectured by building up the 
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content according to the pretraining principle, and spoken words were used instead of 

strictly onscreen text, according to the modality principle (Bergman, 2015; Ghosh, 2016; 

Mayer, 2009). Furthermore, we applied colour grading techniques, transitional scenes, 

and appropriate workflow to develop HD seamless videos. Modules were exported at a 

resolution of 1920 x 1080, effectively maintaining detail and clarity while allowing the 

material to be viewed on an average computer (Chapter 3.5: Editing and Post-

Production).  

5.2.3.3.3 Module Design Framework and Content 

Consistency in module development framework was maintained in order to 

minimize extraneous processing. Modules are generally composed of four segments. 1) 

An introduction, 2) an overview, 3) dissection tasks, procedures, and techniques, and 4) 

integration of anatomical concepts throughout the module. In addition, a short review 

summary is conducted at the conclusion of each module to summarize the points 

discussed. 

5.2.3.3.3.1 Segment One: Introduction 

Each module commences with a title page that presents the module name, which 

reflects the unit and specific region(s) or goal(s) of the module, for example, "Module 3: 

Intermediate and Deep Back" (Figure 5.1A). Next, in accordance with the alignment 

theory, a concise set of objectives is presented on the screen, and a summary of the 

learning outcomes is narrated. The introduction section of each module lasts for 

approximately half a minute (Figure 5.1B).  
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Figure 5.1: A) A screen capture of the title page in the Thorax 1 module. B) A screen capture of the 

learning objectives presented in the module. 

5.2.3.3.3.2 Segment 2: Overview 

A short overview of the laboratory is presented at the beginning of each module. 

This overview utilizes a time-lapse video to showcase the full dissection students are 

expected to undertake in less than a minute, often incorporating schematics, videos, and 

still images (Figure 5.2A). In a limited number of modules that do not showcase a 

dissection, such as "Upper Limb 2: The Brachial Plexus", which details the branches of 

the brachial plexus, high-quality images and schematics are employed to demonstrate an 

overview of the boundaries of the axilla, associated structures related to the brachial 

plexus, and overall goals of the module (Figure 5.2B). Pretraining students through this 

brief overview contribute to improving the effectiveness of essential processing. In 

addition, by means of the signaling process, important structures are highlighted, resulting 

in reduced extraneous processing, which may prevent cognitive overload (Bergman, 

2015; Ghosh, 2016; Mayer, 2009).  
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Figure 5.2: A) A screen capture from the Back 1 module showcasing schematics overlayed during 

the time-lapse overview sequence. B) A screen capture from the Upper Limb 1 module 

showcasing signaling techniques to highlight the axilla's posterior border. 

5.2.3.3.3.3 Segment 3: Dissection Tasks, Procedures, and Techniques:  

The modules had the primary goal of providing students with clear and effective 

guidance on dissection tasks, procedures, and techniques. The modules provided an 

overview of laboratory tasks in the "Overview" section, as discussed previously. Following 

the "Overview" segment, the dissection tasks and their respective procedures and 

techniques are demonstrated and discussed using a mix of time-lapse videos, images, 

schematics, and video clips from different perspectives. In the earlier laboratory modules, 

especially in the Back laboratory unit, a heavy emphasis was placed on dissection 

procedures as well as dissection techniques. The segmentation of content in this section 

contributes to improving the effects of essential processing in students, reducing the 

likelihood of cognitive overload (Bergman, 2015; Ghosh, 2016; Mayer, 2009).  

For example, in Module 1: A Superficial Back Dissection I, a large emphasis is 

placed on skin reflection and fascia removal, particularly when using blunt dissection 

techniques. These techniques will be largely utilized by students throughout the semester, 

although rarely discussed in future modules. In keeping with this module example, 

following the demonstration of a time-lapse video of the procedure, we used a still image 
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taken from a lateral view in conjunction with a schematic representing the skin and layers 

deep to it, in order to illustrate what will be dissected (Figure 5.3A).  Next, utilizing a video 

from the same angle, the various techniques associated with skin removal and their 

associated strengths and weaknesses are discussed (Figure 5.3B). Following, the skin 

reflection procedure is demonstrated with three different blunt dissection techniques using 

probes and forceps, probes and serrated forceps, and an index finger and forceps. 

Throughout the process, the correct method of using each of the tools to achieve the 

correct dissection technique is discussed, as are the common errors students may make. 

Next, the correct and safe use of sharp tools such as scissors and a scalpel is 

demonstrated in order to cut and remove the skin tissue (Figure 5.3C). A benefit of 

capturing these media in high definition is the ability to zoom into specific sections, which 

allows for clarity while preserving visual quality. An example of how clarity can be 

demonstrated while maintaining quality can be seen during the fascia removal procedure, 

where blunt probes are used in conjunction with fine forceps to break away fascial 

adhesions in the muscle fibers (Figure 5.3D).  
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Figure 5.3: A) A screen capture from the Back 1 module showcasing an example of the integration 

of schematics to clarify anatomical concepts. B and C) Screen captures from the Back 

1 module showcasing the various dissection techniques utilized in order to reflect the 

skin. D) Screen capture from the Back 1 module showcasing the clarity of detail 

provided through our imaging techniques. 

Dissection techniques of a more advanced nature were demonstrated in the later 

modules. As an example, in “Module 2: Dissection of the Superficial Back II”, to reflect 

the trapezius muscle superiorly, a medial incision should be made to separate the 

trapezius muscle from the spinous processes of C7 to T12, all while not damaging 

underlying structures. Therefore, the use of blunt probes in conjunction with surgical 

scissors or a scalpel to reflect the trapezius muscle in a safe manner is demonstrated 

utilizing a picture-in-picture format, which incorporates a video of the time-lapse 

dissection process with a video that demonstrates the dissection technique 

simultaneously, allowing for different views and providing studnets with better orientation 

(Figure 5.4A). Lastly, in situations where it was difficult to observe the dissection 
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procedure and technique due to the structure's location, such as the thoracic and 

abdominal cavities, different views were presented simultaneously. An example is found 

in “Abdomen 2: The Abdominal Cavity”, an advanced dissection procedure to expose the 

celiac trunk was shown utilizing one video captured from a superior angle, another from 

a superolateral angle, and a live schematic drawing, all three visuals were synchronized 

to accurately show the same visuals and text simultaneously (Figure 5.4B). In 

synchronizing the content of similar visuals, the temporal contiguity principle of 

extraneous processing is applied to mitigate cognitive overload.  

 

Figure 5.4: A) A screen capture from the Back 2 module provides an example of the picture-in-

picture technique used to orient students. B) A screen capture from the Abdomen 2 

module demonstrates an example of various media and views synchronized to 

provide students with different orientations. 

5.2.3.3.3.4 Segment 4: Integration of Anatomical Concepts 

Human anatomy education is sometimes thought of as a subject where learning is 

accomplished simply by memorizing the course material. Generally, however, anatomical 

structures exist in cohesive relationships with one another, unifying into regional 

‘constructs’ that subsequently form the various organ systems of the human body. 

Anatomical constructs are an effective tool for educators to better convey complex topics 

to students and to help them partition the material into simpler and more comprehensible 

components (Gobet et al., 2001). This construct-based understanding of human anatomy 
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and building an overarching map of the course content allows students to have a deeper 

and more thorough learning experience. 

An anatomical construct, often referred to as an anatomical concept, is often 

comprised of the relationships that exist between its different anatomical structures, how 

they are organized and how they function concomitantly within the body, and the various 

other shared similarities of the various structures in that construct. In order to facilitate the 

integration of theoretical concepts and practical application within the laboratory, a 

mixture of time-lapse videos, photos, and schematics was used to demonstrate concepts 

throughout the modules.  

Understanding that muscle actions are dependent on muscle fiber direction and 

attachment points is one such concept that may let students rely less on rote 

memorization of muscle actions and take a deeper approach to understand muscle 

actions based on attachment and fiber direction. Throughout the first two Back modules, 

this basic concept was illustrated several times. As an example, in  “Module 1: Dissection 

of the Superficial Back I”, once the skin and fascia were removed, and the trapezius 

muscle was cleaned and defined, superimposed schematics showcasing the 

anatomically correct location of the vertebral column and scapula were added, and a 

secondary superimposed layer showcasing the direction of muscle fibers was also added. 

Next, the narrator discussed the origin and insertion of the trapezius muscle, describing 

how this large fan-shaped muscle can produce several actions when its fibers contract, 

based on the muscle fiber direction of the superior, middle, and inferior segments, leading 

to elevation, retraction, depression, and rotation the scapula (Figure 5.5). 
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Figure 5.5: A screen capture from the Back 2 module showcasing the integrative use of cadaveric 

images, anatomically correct foreshadowed schematics, and text conveys the notion 

that muscle origin, insertion, and fibre direction dictate action. 

Another organizational concept follows the path of the suprascapular nerve and 

the suprascapular artery as they travel to innervate and supply some of the structures in 

the shoulder region. This concept is presented in “Module 2: Dissection of the Superficial 

Back and Shoulder”. In this module, anatomically correct schematics of the scapula, 

clavicle, and humerus are used to demonstrate the origins, insertions, actions, blood 

supply, and innervations of the supraspinatus, infraspinatus, and teres minor muscles 

(Figures 5.6A, 5.6B, 5.6C). Next, through time-lapse videos, images, and videos shot at 

different views, the trapezius muscle is reflected superiorly, while the posterior fibers of 

the deltoid are reflected laterally, thereby exposing both the supraspinatus and 

infraspinatus muscles. Next, the supraspinatus and infraspinatus muscles are cleaned 

and reflected laterally, exposing the supraspinous and infraspinous fossa. Throughout 

this dissection, several concepts are discussed and highlighted through the use of 
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graphical means (Figure 5.6D). For example, the main concept discussed is the 

relationship between arteries and nerves, where often throughout the body, an artery and 

a nerve share similar names and take similar paths. 

“The suprascapular nerve travels posteriorly, through the suprascapular foramen, deep 

to the suprascapular ligament. It then travels deep to the supraspinatus muscle, 

innervating it along the way. It then continues travelling inferiorly to the infraspinous fossa, 

via the spinoglenoid notch, to innervate infraspinatus muscle. Conversely, the 

suprascapular artery travels superior to the suprascapular ligament, and then follows the 

same course as the suprascapular nerve, supplying the supraspinatus and infraspinatus 

muscles with blood.” 

Another important concept pertains to anatomical terminology. The goal was to 

demonstrate to students that several anatomical names function as locational descriptors. 

For example, the supraspinous fossa and infraspinous fossa are depressions or fossae 

located superior and inferior to the spine of the scapula, respectively. Similarly, the 

supraspinatus and infraspinatus muscles are also named according to their relationship 

to the spine of the scapula.  

“First, the supraspinatus muscle originates from the supraspinous fossa … … Next, the 

infraspinatus muscle originates from the infraspinous fossa… … Notice, these muscles 

are partitioned and named based on their relation to the spine of the scapula”. 

Another smaller concept shown in this segment is the difference between a bony 

notch and a foramen. Particularly, the suprascapular notch as opposed to the 

suprascapular foramen.  

“Note that alone, the bony depression through which these vessels pass is called the 

suprascapular notch. However, in the body, this structure is covered with the 

suprascapular ligament. Since an opening or passage in bone is called a foramen, we 
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will refer to the two structures together as the suprascapular foramen. This is an 

important landmark to find during your dissection, since it is an easy method to identify 

the suprascapular nerve and artery.” 

 

 

Figure 5.6: Screen captures from the Back 2 Module demonstrating the relationship between 

vasculature and innervation of the supraspinatus and infraspinatus muscles, along 

with associated landmarks. 

Anatomical concepts related to embryological development can in some cases 

assist in understanding the anatomical organization of blood supply and the associated 

structures. For example, during embryological development, the celiac trunk, superior 

mesenteric artery, and inferior mesenteric artery supply the linear foregut, midgut, and 

hindgut, respectively and sequentially. Throughout the development of the gut into the 

complex organization found in the abdominal cavity of an adult, the sequentially ordered 

relationship of blood supply remains intact. Consequently, recognizing this relationship 

makes it easier for a student to identify arterial branches based on supplied structures. 
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This concept is demonstrated graphically in the “Abdomen 2: Abdominal Cavity” module 

(Figure 5.7).  

“The celiac trunk is the first branch from the abdominal aorta at the level of Thoracic 

vertebrae 12, responsible for supplying all the structures in the foregut with blood, 

specifically the esophagus, stomach, liver, gallbladder, pancreas, spleen, and ½ of the 

duodenum. The celiac trunk … … The superior mesenteric artery is the second branch 

from the descending aorta, located at the L1 vertebral level. The SMA takes over with 

blood supply from where the celiac trunk left off, supplying all the structures in the midgut, 

specifically the second ½ if the duodenum, jejunum, ileum, cecum, appendix, ascending 

colon, and ⅔ of the transverse colon… … The inferior mesenteric artery is the third branch 

from the descending aorta, located at the L3 vertebral level. The IMA takes over with 

blood supply from where the SMA left off, supplying all the structures in the hindgut, 

specifically the last ⅓ of transverse colon, descending colon, sigmoid colon, and rectum.” 

 

Figure 5.7: Screen captures from the Abdomen 2 Module A) demonstrating the embryological 

developmental relationship associated with the abdominal aorta and supplied 

structures within the abdomen, specifically B) the celiac trunk, C) the superior 

mesenteric artery, D) and the inferior mesenteric artery. 
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5.2.3.3.4 CAL Resource Development and Distribution 

Adobe Premiere Pro was used to integrate photos, videos, time-lapse sequences, 

schematics, graphics, text, and audio into the final video modules. This integrative 

process is conducive to the multimedia principle of generative processing; with a 

combination of auditory and visual data, the likelihood of cognitive overload of one 

channel is reduced (Bergman, 2015; Ghosh, 2016; Mayer, 2009). In order to minimize 

extraneous processing and mitigate cognitive overload, the content was first weeded by 

removing excess audiovisuals while maintaining the sequential flow of information in 

accordance with the coherence principle. Next, the text and schematics were 

synchronized with the cadaveric visuals and positioned accordingly according to the 

principle of spatial contiguity. Furthermore, by synchronizing the audio with the actions, 

the temporal contiguity principle is applied (Bergman, 2015; Ghosh, 2016; Mayer, 2009). 

In order to increase the benefits of essential processing, the content was presented in 

smaller sections according to the segmentation principle, architectured by building up the 

content according to the pretraining principle, and spoken words were used instead of 

strictly onscreen text, according to the modality principle (Bergman, 2015; Ghosh, 2016; 

Mayer, 2009). In addition, we applied colour grading techniques, transitional scenes, and 

appropriate workflow to develop HD seamless videos. Modules were exported at a 

resolution of 1920 x 1080, effectively maintaining detail and clarity while allowing the 

material to be viewed on an average computer (Chapter 3.5: Editing and Post-

Production).  

To facilitate the use of the modules within the laboratory, the author developed an 

HTML-based offline local website that packaged the modules into a CAL resource. In 
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order to provide a convenient experience for the user, the website was engineered to 

provide a smooth user experience regardless of the large volume of data that it hosts. 

Furthermore, AODA accessibility compliance was ensured by using appropriately sized 

fonts, image captions, and video transcripts. In order to allow for future analysis of data, 

a tracking code was developed and incorporated into the website. It should be noted that 

this HTML-based local website hosted and distributed the content of another digital 

resource created by McWatt and Jadeski (2019).  

After logging in to the website, the students are presented with the main screen 

that allows them to select the "Dissection Guides" resource developed as part of this 

project, or the "Course Concepts" CAL tools developed by McWatt 2019 (Figure 5.8A). 

Upon clicking the "Dissection Guides" link, a new page loads displaying a posterior and 

anterior view of the donor. Students are then prompted to select a region (laboratory unit). 

Students can do this by visually hovering the mouse pointer over the donor image, which 

will highlight the particular region in red with a slow appear transition, which will allow 

them to select the region visually. The students may also click on one of the four blue 

boxes (the Back, Upper Limb, Thorax, or Abdomen) (Figure 5.8B). When students enter 

the specified unit page, all the associated modules are presented on the page based on 

a screen capture of the learning objectives. In this manner, students are presented with 

the information necessary to choose a module based on laboratory activities. Upon 

hovering the mouse pointer over one of the modules, the students are prompted with 

"Click to Select.". (Figure 5.8C). On the module page, the viewing window is located in 

the centre, and students can choose to view the module in full screen by clicking the 

clearly labelled full-screen button (Figure 5.8D). In addition, the module features a 
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complete set of navigational tools that allow students to play, pause, rewind, and fast 

forward to any section that they desire (Figure 5.8E). In this way, students have the 

opportunity to control the pace of instruction, thus adhering to the learner control principle 

(Bergman, 2015; Ghosh, 2016; Mayer, 2009). A "Module Table of Contents" is also 

displayed on the left screen, indicating key frames within the module. The video viewing 

window is accompanied by a dialogue caption box, which constitutes a transcript of the 

module (Figure 5.8E).  

Finally, on the right side of the screen is a yellow box with the caption, "Test your 

knowledge - Take the Quiz!" (Figure 5.8E). When the mouse pointer is moved over the 

box, the text "Quiz Me" appears. In clicking on this box, a new page loads with a series 

of interactive questions in the form of multiple-choice questions or short answers related 

to the selected module (Figure 5.8F). Due to technical limitations, students were not 

permitted to input their answers within the module; however, they can determine if they 

have the correct answer by hovering over the associated image to reveal the answer 

through a transitional fade (Figure 5.8F). The purpose of quizzes is to provide learners 

with retrieval practice, which has been shown to be an effective learning strategy 

(Bergman, 2015; Pascoe & Betts, 2020; Sumeracki & College, 2018). 
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Figure 5.8: Screen captures obtained from the iGuide that demonstrate selections available and 

interactive aspects of the resource.  A and B: main screens from which students select 

resource tool and anatomical region for study.  C: example of anatomical structures / 

relationships available a module (Thorax 2 module); D: resources available within each 

module; E: playback controls that are present within all modules; F: example of quiz 

section available within all modules. 

As a result of administrative constraints, the CAL resource can only be made 

available to students within the laboratory, specifically during their assigned laboratory 

periods or extra hour periods.  Therefore, in the fall of 2016, eight computer desktop 

stations were installed at each of the eight dissection stations, allowing 6-8 students in 

each group to have access to each station. Each computer (Lenovo ThinkCentre M800, 
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Intel Core i5, Windows 10 Pro) was connected to a large 28” LED-lit screen (BenQ 

GW2870H) which provided a high contrast ratio, enabling the accurate depiction of the 

modules. Furthermore, the screens were mounted on heavy-duty articulated monitor 

arms that allowed the screens to be moved in three dimensions and positioned to suit the 

needs of individual students or a group of students. In each station, there were directional 

stereo speakers with variable volume controls, which enabled the audio of the module to 

be heard clearly despite the noisy environment of the laboratory. In addition, each 

computer station was equipped with a mouse and keyboard, which enabled the students 

to interact with the CAL resources. Furthermore, to protect the privacy and security of the 

donors and donor information, the computers were completely disconnected from the 

internet, and students only had access to the CAL resource that was made available on 

the desktop screen. 
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Table 5.5: A detailed example of the back unit modules, demonstrating the discussed learning 

outcomes, dissection goals, and dissection techniques, in addition to the anatomical 

concepts integrated within the module. 

Back 1: Superficial Back (8:10 Minutes) 

By the end of this module, successful students will be able to: 

• Understand the difference between various dissection tools, and appropriate time for usage by observing 
basic usage techniques demonstrated in the module. 

• Perform a skin reflection and fascia removal of the back region by applying correct and safe dissection 
methods shown in the module. 

• Identify and describe the different structures and layers within the subcutaneous tissue by observing the 
3D images and videos within the module. 

• Define and identify muscles of the superficial back by recognizing origin and insertions of these muscles. 

Dissection Goals Dissection Techniques Anatomical Concepts 

• Remove skin and fascia in 

the region of the back, and 

the arm to the mid-humerus 

level. 

• Expose and define borders 

and the proximal and distal 

attachments of the superficial 

back muscles, specifically  

the trapezius, latissimus 

dorsi, deltoid and teres major 

muscles. 

• Blunt dissection of the skin with 

a probe or digit. 

• Correct use of probes, forceps, 

serrated forceps, scissors, 

micro-scissors and a scalpel 

during skin dissection.  

• Creation of a “tether” hole to 

reflect the skin. 

• Blunt removal of fascia with a 

probe 

• Resection of fascia using micro-

scissors and a scalpel  

• Strategies to dissect difficult 

fascia  

• Fat removal through forceps 

• Superficial layers (skin, fat, and 

fascia).  

• Actions exerted by muscles based 

on their origin, insertion, and muscle 

fiber direction (e.g. latissimus dorsi: 

back to front muscle produces 

medial rotation of the humerus) 

• Importance of osteology as a 

building block for anatomical 

knowledge  

• Common osteological insertion 

points and similar muscle actions 

(PLT: intertubercular groove of the 

humerus). 

Back 2: Superficial Back and Shoulder Regions (9:29 Minutes) 

By the end of this module, successful students will be able to: 

• Produce excellent dissections by applying various advanced dissection techniques shown in the module. 

• Analyze the benefits of various dissection approaches that would preserve and show certain underlying 
structures by witnessing the dissection of the supraspinatus and infraspinatus muscles. 

• Understand the importance of anatomical landmarks and their associated relationships by observing a 
landmark based dissection. 

• Perform a correct muscle reflection of the trapezius, supraspinatus, infraspinatus, and deltoid muscles by 
reviewing the appropriate methods and techniques to define borders and conduct appropriate reflections. 

• Evaluate muscle actions by understanding the direction of muscle fibers, and their origin/insertion points. 

• Identify blood vessels and nerves by understanding the shape, texture, and location of these structures. 

• Identify and locate the suprascapular nerve, artery and vein based on the relationship between the 
suprascapular notch and ligament landmarks. 

 

Dissection Goals Dissection Techniques Anatomical Concepts 

• Reflect the trapezius muscle 

and the posterior belly of the 

deltoid muscle to expose the 

supraspinous and 

infraspinous regions. 

• Using probes and scissors or a 

scalpel to reflect muscles 

(trapezius). 

• Safely reflecting a muscle 

without damaging associated 

vasculature and innervation.  

• Muscle layers and groupings similar 

to that of pages in a book 

(superficial, intermediate, deep). 

• Locating nerves and arteries based 

on anatomical landmarks (e.g. 
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• Clean and define and then 

reflect the supraspinatus 

and infraspinatus muscles. 

• Locate, define and identify 

associated vasculature and 

innervations with associated 

landmarks. 

• Removing thick fascia through 

blunt dissection (fascia 

overlaying supraspinatus and 

infraspinatus). 

• Midline reflections of muscles 

using a scalpel and a scalpel 

handle (e.g. infraspinatus)  

• Advanced scalpel techniques 

• Cleaning and defining 

vasculature and nerves through 

blunt dissection techniques. 

suprascapular N and A based on the 

suprascapular foramen). 

• Recognizing blood supply of a 

muscle based on nearby 

vasculature. 

• Relationships of nerves and arteries 

(termed as “best friends” during the 

lectures). 

• Muscle names based on location 

(e.g. supraspinatus and 

infraspinatus based on being 

superior and inferior to the spine of 

the scapula, respectively). 

• Reaffirming muscle actions based 

on fiber direction. 

• Notch vs. foramen  

Back 3: Intermediate and Deep Back (6:23) 

By the end of this module, successful students will be able to: 

• Define the borders of the rhomboid minor, major, latissimus dorsi, and serratus posterior superior and 
inferior by using anatomical landmarks to identify their origin and insertion points. 

• Recognize the variety dissection approaches available, thereby decide on the most appropriate approach 

to attain the most positive dissection results. 

• Understand the importance of the serratus posterior superior/inferior muscles by understanding their roles 

in respiration and as an anatomical landmark. 

Dissection Goals Dissection Techniques Anatomical Concepts 

• Clean and define the 

rhomboids minor and major 

muscles. 

• Laterally reflect the 

rhomboids minor and major, 

locating the dorsal scapular 

nerve and artery in the 

process. 

• Reflect the latissimus dorsi 

muscle laterally to expose 

the serratus posterior 

superior and serratus 

posterior inferior muscles. 

• Reflect both the serratus 

posterior superior and 

inferior muscles laterally to 

expose the erector spinae 

group. 

• Using a probe and fine scissors 

to reflect thin muscles. 

• Reflecting and separating thick 

fascia from underlying tissue 

(thoracolumbar fascia).  

• Muscle layers and groupings similar 

to that of pages in a book 

(superficial, intermediate, deep). 

• Identify muscles based on origin and 

insertion points (e.g. levator scapula, 

rhomboid minor, and rhomboid 

major: spinous process vs. 

transverse process, 4:2:2:4, 

inserting level relevant to the spine 

of the scapula).  

• Recognize similarity in structural 

names, often based on location 

(dorsal scapular nerve and artery). 

• Recognizing the level of the serratus 

posterior muscles (superior and 

inferior) as a landmark to identify 

muscles innervated by the anterior 

and posterior rami of the spinal 

nerve. 
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5.2.3.4 Procedures 

5.2.3.4.1 Survey I: Demographics and Preferred Learning Approach (Control and Experimental)  

In the fall of 2015 and 2016, during the first lecture and prior to the first laboratory 

session, the researcher attended the classroom and provided students with a brief verbal 

overview of the study, participation in the study, future online survey, and the opportunity 

to ask questions pertaining to the study. Immediately after the first classroom lecture, 

students were sent an online invitation via the class mailing list to partake in a survey 

(Survey I) constructed and administered online via Qualtrics (Qualtrics, Provo, UT, USA). 

The survey contained the study consent form, a demographics questionnaire, and the 

Revised Two-Factor Study Process Questionnaire (R-SPQ-2F) to ascertain students’ 

preferred learning approach (Biggs et al., 2001). Additionally, students were informed that 

their survey participation would award them a 1% bonus grade point towards their 

midterm examination grade. If students did not feel comfortable partaking in the survey, 

they were offered the opportunity to undertake a short alternate assignment that would 

also earn the 1% bonus grade point. Access to the survey remained open for ten days, 

and students who did not complete the survey a week after the first invitation received a 

secondary reminder invitation.  

5.2.3.4.2 Weekly CAL Resource Use (Experimental) 

During the first laboratory orientation, students were brought into the laboratory 

one donor group at a time and are provided with a brief overview of the laboratory 

resources, such as human anatomy atlases (Chapter 4.2.3.2). In addition, during the Fall 

2016 semester, the teaching assistant provided students with a brief overview of the new 

computer stations, the CAL resource, and associated features. Moreover, the teaching 

assistant briefly discussed the inclusion of a small optional survey at the conclusion of 
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each laboratory. The use of the CAL resource was quantified weekly through an end-of-

laboratory questionnaire. During the last 10 minutes of each laboratory, students were 

provided with a short questionnaire containing multiple-choice questionnaires to 

determine students’ usage of the CAL resource and perceived educational value (Table 

5.8). 

5.2.3.4.3 Survey II: Contextual Learning Approach and Overall Course Experience (Control and 

Experimental) 

Towards the end of the semester and immediately at the conclusion of the last 

laboratory session, students received a secondary online survey (Survey II) using the 

class mailing list.  The survey contained four major sections: 1) additional demographics 

questions for a future study; 2) R-SPQ-2F questionnaire to ascertain students’ contextual 

learning approach in the human anatomy course; 3) the Course Experience 

Questionnaire (McInnis & Griffin, 2001); and 4) additional questions regarding their habits 

of attending the class lecture and laboratory sessions. The Fall 2016 cohort received 

additional questions regarding the overall use of the CAL resource, and CAL resource 

satisfaction (Table 5.9). Similar to Survey I, students were informed that their survey 

participation would award them a 1% bonus grade point towards their final examination 

grade. An alternate assignment with equal bonus grade value was available to those who 

did not want to partake in Survey II. At the conclusion of the semester, course teaching 

assistants received an invention to participate in a focus group to understand laboratory 

dynamics and the influence of the CAL resource.  
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5.2.3.5 Outcome Measures 

5.2.3.5.1 Demographics Profiles 

Demographic data was collected Survey I. Participants were asked to provide their 

age, sex, the program of study (HK, BIOM, or other), and year of study. As previous higher 

education experience influences learning approaches, participants who were not enrolled 

in their third year of study were excluded from the study. Specifically, 36 and 30 

participants were excluded from 2015 and 2016 cohorts, respectively. 

5.2.3.5.2 Course Experience 

In the past, student evaluations of teaching have been the predominant method of 

assessing how well universities teach, and more recently, their use has been elevated to 

provide quality assurance and accountability in higher education (Cano et al., 2020). As 

a result, educational research related to students' evaluation of teaching grew rapidly, 

leading to a rise in the development of tools capable of quantifying performance (Spooren 

et al., 2017). The CEQ is a validated evaluation instrument used to evaluate students’ 

perception of their teaching environment in higher education (Ramsden, 1991; K. L. 

Wilson et al., 1997). The short form CEQ23 is the most widely used version. It contains 

twenty-four items; one item measures “Overall Satisfaction” of students with their 

experience in the course, the remaining 23 items are used to generate five scales: Good 

Teaching, Generic Skills, Clear Goals and Standards, Appropriate Workload, and 

Appropriate Assessment. A Likert-type scale with five options measures answers to each 

item: "definitely disagree", "agree somewhat", "neither agree nor disagree", "agree 

somewhat", and "definitely agree". The CEQ has been shown to be reliable with high 

Cronbach’s coefficient alpha and internal consistency (K. L. Wilson et al., 1997). 
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A modified extended version of the Course Experience Questionnaire (CEQ) was 

used in this study to assess each student's perception of their learning environment 

(McInnis & Griffin, 2001; Ramsden, 1991). The 'Learning Resources' scale (five additional 

items) was included from an extended version of the CEQ in order to discern students’ 

perceptions of course learning resources in the Fall 2016 semester when compared to 

the Fall 2015 semester, and whether students enrolled in the two different laboratory 

experiences may have perceived the CAL resource differently (K. L. Wilson et al., 1997). 

In contrast to evaluating individual components of the course or individuals on the 

teaching staff, students were instructed to evaluate the course in its entirety. CEQ scores 

were calculated for each participant following the validated procedure (McInnis & Griffin, 

2001). 

Table 5.6: Summary of the scales and associated items addressed and characteristics analyzed by 

the Course Experience Questionnaire 

Scale and Associated Items Characteristics Analyzed 

Good Teaching 
1. The instructor/TAs put a lot of time into commenting on my work. 
2. The instructor/TAs normally gave me helpful feedback on how I was 

doing. 
3. The instructor/TAs of this course motivated me to do my best work. 
4. My instructor/TA was extremely good at explaining things. 
5. The instructor worked hard to make his/her subjects interesting. 
6. The instructor/TAs made a real effort to understand difficulties I might be 

having with my work. 

• Teaching staff’s 
enthusiasm, motivation, 
and interest 

• Concern for and 
availability to students 

• Prompt feedback and 
encouragement of 
students 

Generic Skills 
1. The course helped me develop my ability to work as a team member. 
2. The course sharpened my analytical skills. 
3. The course developed my problem-solving skills. 
4. The course improved my skills in written communication. 
5. As a result of the course, I feel confident about tackling unfamiliar 

problems. 
6. The course helped me to develop the ability to plan my own work. 

• Self-sufficiency, problem 
solving, and self-
directed learning 

• Teamwork, leadership, 
and communication 
skills.  

Clear Goals and Standards 
1. It was always easy to know the standard of work expected. 
2. I usually had a clear idea of where I was going and what was expected 

of me in this course. 
3. It was often hard to discover what was expected of me in this course* 
4. The instructor made it clear right from the start what was expected from 

students. 

• Course expectations 
and outcomes 

• Specificity of goals and 
quality requirement for 
coursework 
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Appropriate Workload 
1. I was generally given enough time to understand the things I had to 

learn. 
2. The sheer volume of work go through in this course meant it couldn't all 

be thoroughly comprehended.* 
3. The workload was too heavy.* 
4. There was a lot of pressure on me as a student in this course.* 

• Fairness of the 
coursework workload 

• The availability of 
sufficient time to fully 
comprehend the 
assigned coursework 

Appropriate Assessment 
1. To do well in this course all you really needed was a good memory.* 
2. The instructor seemed more interested in testing what I had memorized 

than what I had understood.* 
3. Too many questions were asked just about facts.* 

• Assessment of 
conceptual 
understanding rather 
than factual knowledge 

• Assessment of higher 
order thinking abilities 
rather than rote learning 

Learning Resources 
1. The course resources were appropriate for my needs. 
2. The study materials were clear and concise. 
3. It was made clear what resources were available to help me learn. 
4. Course materials were relevant and up to date. 
5. Where it was used, the technology in teaching and learning was 

effective. 

• Resources are current, 
accurate, clear, and 
readily available 

• Appropriateness of 
resources and their 
format for the course 

* Negatively coded items 

5.2.3.5.3 Student Approach to Learning 

Over the past 40 years and across a multitude of disciplines, educational 

researchers have consistently utilized the student approach to learning (SAL) concept, 

specifically of deep and surface approaches to learning, to understand how a subject is 

learned (S. N. Johnson et al., 2021; Marton & Saljo, 1976). The literature identifies two 

primary learning approaches adopted by students: (1) deep approaches to learning, in 

which students learn from personal interest, and are motivated by and concerned with 

understanding the material by seeking a structure within the material and manipulating it 

in order to make sense of it with reference to what they know of the topic, leading to 

extended knowledge retention; and (2) surface approaches to learning, in which fear of 

failure motivates students to rote learn through memorization only, and knowledge is 

short-lasting (Trigwell et al., 1999; Trigwell & Prosser, 1991). The first SAL measurement 

instrument was the Study Process Questionnaire and Learning Process Questionnaire 

developed in the late 1970s by Biggs et al (1987). A shortened version of the SQP-2F 
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questionnaire was subsequently developed: the Revised Study Process Questionnaire 

(R-SPQ-2F).  The widely utilized R-SPQ-2F questionnaire is a validated and reliable 

instrument; it is commonly used in educational research, including human anatomy 

education (Biggs et al., 2001; S. N. Johnson et al., 2021; Pandey & Zimitat, 2007).  

The R-SPQ-2F utilizes 20 items to generate a value denoting students’ preferred 

learning approach. Specifically, the R-SPQ-2F categorizes students preferred learning 

approach based on their preferred learning motives and strategies, thereby providing four 

subscales: Deep Motive (DM), Deep Strategy (DS), Surface Motive (SM), Surface 

Strategy (SS). Each of the four subscales is associated with five items in the R-SPQ-2F. 

Using a five-point Likert scale, students identify how strongly they agree with each of the 

items. The four subscale scores are calculated by summing the scores of all  5 items 

related to each subscale (subscale score range: 5-25) (Table 5.7). Finally, the deep 

approach (DA) and surface approach (SA) scores are derived by summing the respective 

motive and strategy scores (DA and SA score range: 10-50). High learning approach 

scores suggest a greater likelihood that a student will  be used.  Likewise, low learning 

approach scores suggest a reduced likelihood that a given learning approach will be used.  

(Biggs et al., 2001). 

We sought to examine our students’ preferred and contextual approaches to 

learning, and compared the 2015 and 2016 cohorts SAL, for DI and PRO students. 

Additionally, we sought to establish whether there was a relationship between SAL and 

the use of CAL resources, satisfaction with the CAL resources, and overall course 

performance. Students were asked to complete an online survey at the start of the 

semester in order to measure their preferred DA (pDA) and preferred SA (pSA) scores. 
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As part of the R-SPQ-2F questionnaire, students were advised to consider their attitudes 

toward their general academic studies at the university over the previous two years (Biggs 

et al., 2001). A second survey was distributed at the end of the semester to students in 

order to determine their contextual DA (cDA) and contextual SA (cSA) scores in the 

course. This time, as part of the R-SPQ-2F questionnaire, students were advised to 

consider their attitudes toward their studies in the human anatomy course. 

Table 5.7: List of the twenty items in the R-SPQ-2F questionnaire used to assess students’ 

contextual deep and surface approaches to learning. 

R-SPQ-2F Item (Contextual Items) Biggs Factor 

1. I find that at times studying gives me a feeling of deep personal satisfaction. Deep Motive 

2. I find that I have to do enough work on a topic so that I can form my own conclusions 
before I am satisfied. 

Deep Strategy 

3. My aim is to pass the course while doing as little work as possible. Surface Motive 

4. I only study seriously what is given out in class or in the course outlines. Surface Strategy 

5. I feel that virtually any topic can be highly interesting once I get into it. Deep Motive 

6. I find most new topics interesting and often spend extra time trying to obtain more 
information about them. 

Deep Strategy 

7. I do not find my courses very interesting so I keep my work to the minimum. Surface Motive 

8. I learn some things by rote, going over and over them until I know them by heart even if 
I do not understand them. 

Surface Strategy 

9. I find that studying academic topics can at times be as exciting as a good novel or 
movie. 

Deep Motive 

10. I test myself on important topics until I understand them completely. Deep Strategy 

11. I find I can get by in most assessments by memorizing key sections rather than trying 
to understand them. 

Surface Motive 

12. I generally restrict my study to what is specifically set as I think it is unnecessary to do 
anything extra. 

Surface Strategy 

13. I work hard at my studies because I find the material interesting. Deep Motive 

14. I spend a lot of my free time finding out more about interesting topics that have been 
discussed in different classes. 

Deep Strategy 

15. I find it is not helpful to study topics in depth. It confuses and wastes time, when all 
you need is a passing acquaintance with topics. 

Surface Motive 

16. I believe that lecturers shouldn’t expect students to spend significant amounts of time 
studying material that everyone knows won’t be examined. 

Surface Strategy 

17. I come to most classes with questions in mind that I want answering. Deep Motive 

18. I make a point of looking at most of the suggested readings that go with the lectures. Deep Strategy 

19. I see no point in learning material that is not likely to be in the examination. Surface Motive 

20. I find that the best way to pass examinations is to try to remember answers to likely 
questions. 

Surface Strategy 
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5.2.3.5.4 CAL Resource Usage 

A weekly survey was administered to all Fall 2016 students in the last 10 minutes 

of the laboratory to measure the use of CAL resources over the course of the semester 

and analyze usage relevant to the different dissection units. The survey has been 

designed to minimize the burden on students and not significantly affect their laboratory 

time. The survey consisted of two multiple-choice questions. Students were asked to 

indicate whether they used the CAL resource during the laboratory period in the first 

dichotomous question. In the second question, students were asked to rate the 

usefulness of the CAL resource on a five-item Likert-type scale (Table 5.8). 

Table 5.8: Questions included in weekly in-laboratory surveys to assess students’ use and 

perception of resource usefulness. 

Measure Question Response Options 

CAL Resource Use 
Did you use the CAL resource 
today? 

a) Yes 
b) No 

Qualitative 
Feedback 

How did you perceive the 
usefulness of the CAL 
resource? 

a) Not useful 
b) Minimally useful 
c) Neutral 
d) Somewhat useful 
e) Very useful 

 

In addition, general CAL resource usage data was collected at the end of the Fall 

2016 semester through Survey II. The online survey included questions related to the use 

of CAL resources that provided a more general overview of how participants utilized the 

resource, its purpose, and their assessments of the resource as an effective learning tool 

(Table 5.9). To quantify student’s experience and satisfaction with the resource, the CAL 

Resource Satisfaction (CALRS) scale was generated for this study. The CALRS 

employed six Likert-type scale questions which were answered by choosing one of five 
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options: "definitely disagree", "agree somewhat", "neither agree nor disagree", "agree 

somewhat", and "definitely agree". (Table 5.9). In addition, several open-ended questions 

were included to collect qualitative data pertaining to students’ perception of the CAL 

resource, its implementation, and inform future improvements (Table 5.9).  

Table 5.9: Items included in Survey II pertaining to CAL resource use, quality, and use 

characterization as they were presented to students at the end of the Fall 2016 

semester. 

Measure Question Response Options 

CAL Resource 
Use 

Characteristics  

Did you use the CAL resource? 
 
If you answered “b) No”, please explain why. 

a) Yes 
b) No 
Text Response 

What did you use the CAL resource for? 
Check all that apply. 

a) Review of Course Material 
b) Laboratory Preparation 
c) Laboratory/Dissection 
Reference 
d) Laboratory Quiz 
Preparation 
e) Exam Preparation 

CAL Resource 
Satisfaction 
Scale Items 

(CALRS) 

The CAL resource was a useful tool for 
anatomy education. 

a) Strongly Disagree (-100) 
b) Somewhat Disagree (-50) 
c) Neither Agree nor 
Disagree (0) 
d) Somewhat Agree (50) 
e) Strongly Agree (100) 

The CAL resource was easy to use. 
The CAL resource was easy to understand. 

The CAL resource complimented the course 
material. 

The CAL resource enhanced my 
understanding of the course material. 
The CAL resource helped me perform better 
in the course. 

Qualitative 
Feedback 

What did you like about the CAL resource? 
Text response What did you NOT like about the CAL 

resource? 

Which unit did you find MOST helpful? Why? a) Back 
b) Upper Limb 
c) Thorax 
d) Abdomen 
Text response 

Which unit did you find LEAST helpful? 
Why? 

How to you think the CAL resource could be 
improved?  

Text response 
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5.2.3.5.5 Academic Performance 

In this study, several measures of academic performance were considered. To 

control for student aptitudes (Theobald & Freeman, 2014), the cumulative grade average 

(CGA) from students’ first two years of study were obtained  with permission from the UG 

Office of Institutional Analysis and Research and the UG Research Ethics Board. Overall 

performance was evaluated using final course grades. In addition, we examined the grade 

from weekly TA administered oral quizzes at the end of each laboratory session, which 

also account for dissection quality, to elucidate the impact of the CAL resources on 

laboratory efficiency and outcomes. 

5.2.3.5.6 Qualitative Feedback from Student and Teaching Assistants 

Students provided written feedback regarding the CAL resource as part of Survey 

II administered online at the end of the semester (Table 5.9). In addition, a two-hour TA 

focus group session was conducted after the conclusion of the semester to understand 

how the impact of the CAL resource on laboratory efficiency. Participants in the focus 

group were TAs who were involved in both the Fall 2015 and Fall 2016 semesters (n = 

5). For the focus group thematic analysis, the audio recording was transcribed into digital 

text. To qualitatively assess the effect of iGuide incorporation on students’ perceptions of 

their learning environment, two separate thematic analyses following the guidelines 

provided by Braun and Clarke (2006) were conducted for the student and TA responses. 

The themes were not a priori identified.  Rather, inductive analysis allowed for the organic 

emergence of themes (Chapter 4.2.3.7.2). 
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5.2.3.6 Statistical Analysis 

5.2.3.6.1 Data Processing 

Demographic data and study consent agreements were digitized into a Microsoft 

Excel spreadsheet (Microsoft, Redmond, Washington) longitudinally and individually by 

case. Subsequent data collected was processed accordingly, matched by student 

identification, then added to the master spreadsheet. CEQ scores were processed 

according to the protocol of McInnis et al. (2001). Positive item scores were coded to yield 

a mean of zero (1 = -100, 2 = -50, 3 = 0, 4 = +50, 5 = +100); negative item scores were 

reverse coded to yield a mean of zero (1 = +100, 2 = +50, 3 = 0, 4 = -50, 5 = -100) (Table 

5.6). Items were then arranged to their respective scales yielding mean CEQ score for 

each of the seven scales (i.e., good teaching, generic skills, clear goals and standards, 

appropriate workload, appropriate assessment, learning resources, and overall 

satisfaction), for every participant.  

R-SPQ-2F scores were processed according to the protocol of Biggs et al (2001). 

Each of the 5 items corresponding to the four subscales were summed for each 

participant to produce preferred DM, DS, SM, SS (pDM, pDS, pSM, pSS) scores, and 

contextual DM, DS, SM, SS (cDM, cDS, cSM, cSS) scores. The respective subscale 

scores were then summed to produce pDA, pSA, cDA, and cSA scores (E.g pDM + pDS 

= pDA). CALRS scores were processed in a similar way to the CEQ scores. Scores of 

the six items were coded to yield a mean of zero (1 = -100, 2 = -50, 3 = 0, 4 = +50, 5 = 

+100); a mean score of the six items was then calculated to reflect each student’s 

experience and satisfaction with the CAL resource. 
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Weekly end of laboratory CAL use data from the Fall 2016 semester was 

processed for each laboratory unit (Table 5.1). Accordingly, data from weeks one and two 

corresponded to the back unit, data from weeks three, four, and five corresponded to the 

upper limb unit, data from  weeks eight and nine corresponded to the thorax unit, and 

data from weeks ten and eleven corresponded to the abdomen unit. The frequency of 

CAL usage, reported as a percentage, was analyzed for each of the four units, and for 

the entire semester. The frequency of CAL resource usage, reported as a percentage, 

was calculated for each of the four units by normalizing the number of valid responses 

per student. Weekly collected CAL usefulness scores were analyzed in a similar fashion 

to the CALRS scores, where the scores were coded to yield a mean of zero (1 = -100, 2 

= -50, 3 = 0, 4 = +50, 5 = +100). 

Data from the master Excel spreadsheet was imported into the Statistical Package 

for the Social Sciences software (version 27, IBM, Armonk, NY, USA) for statistical 

analyses. Participants who did not complete the entire study procedure were excluded 

from the data analysis (2015 n = 14 ; 2016 n = 37). Data was assessed for outliers by 

inspection of a boxplot for values greater than 1.5 box-lengths from the edge of the box. 

Normality of data was assessed using the Shapiro-Wilk’s test (n < 50) and visual 

inspections of Q-Q plots when appropriate. Significance for all tests was declared at p ≤ 

0.05. Data was reported as mean (M) ± standard error of the mean (SEM), unless 

otherwise stated. 

5.2.3.6.2 Demographic Profiles 

To investigate potential population differences between the 2015 and 2016 cohorts 

for dissection- and prosection-based experiences, chi-square test of homogeneity and 
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Fisher's exact test were used to examine whether there were differences in the 

distribution of the categorical variables of sex and program of study, respectively. For 

non-parametric data, Mann-Whitney U tests were used to determine whether there were 

any differences in age and cumulative grade average between the cohorts.  

5.2.3.6.3 Historical Comparisons 

To investigate the general differences in outcome measures between the 2015 and 

2016 cohorts, course experience, SAL, and course performance of the two groups were 

compared for dissection- and prosection-based experiences.  

Course Experience: For each of the laboratory experiences, a nonparametric 

Mann-Whitney U test was used to compare the experimental and control cohorts’ 

perception of the course experience based on each of the seven scales processed from 

the modified extended version of the CEQ (i.e.: 1) Overall Satisfaction; 2) Good Teaching; 

3) Generic Skills; 4) Clear Goals and Standards; 5) Appropriate Workload; 6) Appropriate 

Assessment; 7) Learning Resources). 

Student Approach to Learning: To identify differences in the students' contextual 

SAL, cDA and cSA scores were compared between the experimental and control cohorts 

by using separate one-way analyses of covariance (ANCOVA) for each of the laboratory 

experiences. In order to control for preferred SAL, the pDA and pSA scores were included 

as covariates in the analyses of cDA and cSA scores, respectively.  

Course Performance: The final grades of the experimental and control groups were 

also used as a measure of course performance. To identify differences in students’ 
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performance, separate one-way ANCOVAs were conducted for each of the laboratory 

experiences using CGA as a covariate. 

5.2.3.6.4 CAL Resource Usage Characterization 

CAL Use Frequency: To examine differences in CAL use frequency based on 

laboratory experience, a Mann-Whitney U test for non-parametric data was used. 

Differences between DI and PRO students’ use of the CAL resources was examined 

based on each laboratory unit (i.e., back, upper limb, thorax, abdomen), and overall 

semester, as extracted from the weekly end of laboratory surveys (Table 5.8). In addition, 

to examine CAL use frequency based on the progression of the semester, a Paired-

Samples T-Test was used to analyze weekly and unit CAL use data from the DI and PRO 

students.  

CAL Perceived Usefulness: To examine differences in CAL perceived usefulness 

based on laboratory experience, A Mann-Whitney U test for non-parametric data was 

used. Differences between DI and PRO students’ perceived usefulness of the CAL 

resources was examined based on each laboratory unit (i.e., back, upper limb, thorax, 

abdomen), and overall semester (Table 5.8).  

CAL Use Motivations: To characterize the reasons that students used the CAL 

resource, the students' self-reported CAL use motivations, collected in Survey II 

administered online at the end of the semester (Table 5.9), were analyzed. Using Fisher's 

exact test, we compared the proportions of DI and PRO students who used the CAL 

resource based on the five categories (Review of Course Materials, Laboratory 

Preparation, Laboratory/Dissection Reference, Laboratory Quiz Preparation, Exam 
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Preparation). In addition, a One-way ANOVA with a Games-Howell correction was used 

to determine if there were differences in the CAL resource use across categories (Figure 

5.10).  

CAL Satisfaction Rating: Based on the six CALRS scale items (Table 5.9), 

students' self-reported average satisfaction scores of the CAL resource were also 

compared between DI and PRO students using a non-parametric Mann-Whitney U test. 

In addition, a One-way ANOVA with a Games-Howell correction was used to determine 

if there were differences in mean scores of individual CALRS items.  

5.2.3.6.5 CAL Resource Impact 

Multiple linear regression analyses (MLR) were carried out to determine whether 

students' demographic characteristics influenced their use of the CAL resources and 

whether the use of CAL resources influenced contextual deep and surface scores, 

laboratory grades, and course grades. As a result of limitations associated most 

educational study designs, MLR testing was determined to be the most appropriate 

method, as it takes into consideration several explanatory variables and determine if any 

correlation exists between each one of those variables in relation to the dependent 

variable, while controlling for the other variables (Theobald & Freeman, 2014).  

Two separate MLR analyses for the DI and PRO laboratory experiences were 

carried out to determine if any demographic factors influenced the students' use 

frequency of CAL resource. Specifically, students’ preferred SAL scores, CGA, sex, and 

program of study were examined as the potential explanatory variables, whilst overall 

CAL use frequency was set as the dependent variable. Due to the narrow age range of 
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the subjects, age was not considered as an explanatory variable in this MLR model (Table 

5.10). To determine whether the CAL resource had any effect on students' cDA and cSA 

scores, four separate MLR analyses were conducted for the DI and PRO laboratory 

experiences for each of the dependent variables (Table 5.17). In particular, students' 

preferred DA scores, SA scores, CAL resource use frequency, reasons for CAL usage 

(five items), and overall CAL resource satisfaction were included in the MLR model as 

independent variables, while cDA and cSA scores were included as the dependent 

variables for each of the respective analyses. Lastly, in order to determine whether CAL 

resource use had any effect on students' laboratory and final grades, four separate MLR 

analyses were conducted for the DI and PRO laboratory experiences for each of the 

dependent variables. In particular, students' CGA, contextual DA and SA scores, and CAL 

resource use frequency were included in the MLR model as independent variables, while 

laboratory grades (Table 5.18) and final grades (Table 5.19) were included as the 

dependent variables for each of the respective analyses. 

5.2.4 Results 

5.2.4.1 Demographic Profiles 

In this study, 221 students (DI = 169, PRO = 52) in the Fall 2015 control cohort, 

and 215 students (DI = 184, PRO = 31) in the Fall 2016 experimental cohort completed 

all survey requirements, thus included as participants. Data obtained from demographic 

questionnaire (Survey I) are shown in Table 5.10. Students enrolled in the DI laboratory 

experience significantly differed in age between control (20.2 ± 0.6) and experimental 

(19.9 ± 0.8) groups (p = 0.0005), as examined by a Mann-Whitney U test. In addition, DI 

students exhibited a significant difference in the program of study probability distributions 

between the control and experimental cohorts, as examined by Fisher’s exact test (p = 
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0.004). There were no statistically significant differences in sex proportions or CGA 

amongst the control and experimental cohorts in both the DI and PRO students (Table 

5.10). 

Table 5.10: Demographic data for (a) dissection- and (b) prosection-based students enrolled in the 

human anatomy course at the University of Guelph during the Fall 2015 and 2016 

semesters. 

 
Control  Experimental 

p Total 
2015 Cohort 2016 Cohort 

a. Dissection Cohort     

Valid Participants 169 184  353 

Age (M ± SD; years) 20.2 ± 0.6 19.9 ± 0.8 0.0005* 20.0 ± 0.7 

Sex (%) 
Male 36.1 33.2 

0.561 
34.6 

Female 63.9 66.8 65.4 

Program of 
Study (%) 
 

Human Kinetics 50.3 42.4 

0.004* 

46.2 

Biomedical Sciences 46.2 57.6 52.1 

Others 3.6 0.0 1.7 

Cumulative Grade Average (M ± SD; %) 78.3 ± 7.7 78.6 ±8.3 0.666 78.5 ± 8.0 

b. Prosection Cohort     

Valid Participants 52 31  83 

Age (M ± SD; years) 20.2 ± 0.8 20.1 ± 0.5 0.391 20.1 ± 0.7 

Sex (%) 
Male 23.1 22.6 

0.958 
22.9 

Female 76.9 77.4 77.1 

Program of 
Study (%) 
 

Human Kinetics 46.2 41.9 

0.560 

44.6 

Biomedical Sciences 50.0 58.1 53.0 

Others 3.8 0.0 2.4 

Cumulative Grade Average (M ± SD; %) 78.4 ± 8.6 79.3 ± 8.3 0.792 78.7 ± 8.4 

Note. The asterisks (*) denote significance at p ≤ 0.05. 

 

5.2.4.2 Historical Comparisons 

5.2.4.2.1 Course Experience 

Table 5.11 shows data obtained from the CEQ questionnaire (Survey II); 

dissection- and prosection-based students are compared for the 2015 and 2016 cohorts 

for the CEQ scales of good teaching, generic skills, clear goals and standards, 

appropriate workload, appropriate assessment, and learning resources.  ‘Overall 
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satisfaction’ is compared between the 2015 and 2016 cohorts, for dissection- and 

prosection-based students as well. 

Relative to the control cohort, CEQ scores of students in the experimental cohort 

enrolled in the DI laboratory indicated higher agreement scores for good teaching (p = 

0.006), generic skill development (p = 0.024), clarity of goals and standards ( p < 0.0005), 

available learning resources (p < 0.0005), and the overall course satisfaction (p = 0.001). 

Interestingly, DI students indicated lower agreement scores for the appropriate workload 

category (p = 0.032). In addition, relative to the control cohort, CEQ scores of students in 

the experimental cohort enrolled in the PRO laboratory indicated higher satisfaction in the 

available learning resources ( p < 0.0005) and the overall course satisfaction (p = 0.038). 

There were no other statistically significant differences between cohorts (Table 5.11). 

Table 5.11: Course Experience Questionnaire scores for (a) dissection- and (b) prosection-based 

students enrolled in the human anatomy course at the University of Guelph during the 

Fall 2015 and 2016 semesters. 

 

Control  
2015 Cohort 

Experimental  
2016 Cohort p 

(M ± SEM) 

a. Dissection Experience    

Good Teaching 55.22 ± 2.72 64.99 ± 2.23 0.006* 

Generic Skills 35.87 ± 2.58 44.47 ± 2.26 0.024* 

Clear Goals and 
Standards 31.39 ± 3.21 52.99 ± 2.49 

< 0.0005*. 

Appropriate Workload 34.00 ± 2.53 27.24 ± 2.39 0.032* 

Appropriate Assessment 23.27 ± 2.76 17.75 ± 2.50 0.082 . 

Learning Resources 47.56 ± 2.50 66.96 ± 1.99 < 0.0005*. 

Overall Satisfaction 73.67 ± 3.06 86.14 ± 1.94 0.001* 

b. Prosection Experience    

Good Teaching 55.45 ± 4.53 65.86 ± 5.00 0.175. 

Generic Skills 30.45 ± 4.24 40.86 ± 5.35 0.095. 

Clear Goals and 
Standards 40.79 ± 5.32 56.05 ± 5.08 

0.078. 

Appropriate Workload 36.86 ± 4.49 41.53 ± 6.41 0.519. 

Appropriate Assessment 31.73 ± 4.49 24.19 ± 6.51 0.315. 

Learning Resources 50.29 ± 4.16 76.13 ± 3.24 < 0.0005* 

Overall Satisfaction 77.88 ± 5.39 93.55 ± 3.06 0.038* 
Note. Asterisks (*) denote significance at p ≤ 0.05. M = Mean, SEM = Standard Error of Mean 
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5.2.4.2.2 Student Approach to Learning 

Comparisons between the 2015 and 2016 cohorts for contextual deep approach 

(cDA) and contextual surface approach (cSA) scores as a function of laboratory 

experience (i.e., dissection versus prosection) are shown in Tables 5.12 and 5.13, 

respectively.   

The cDA scores for the experimental cohort significantly differed from the control 

cohort for both DI [F(1,350) = 14.923, p < 0.0005, partial η2 = 0.041] and PRO [F(1,80) = 

8.238, p = 0.005, partial η2 = 0.093] students. Specifically, cDA scores for both laboratory 

experiences in the experimental cohort were significantly lower (DI: -1.98 ± 0.51, p < 

0.0005; PRO: -2.79 ± 0.97, p = 0.005) when compared with the control cohort (Table 

5.12).  

Table 5.12: A Contextual deep approach (cDA) scores for (a) dissection and (b) prosection-based 

students enrolled in the human anatomy course at the University of Guelph during the 

Fall 2015 and 2016 semesters. 

 
N Unadjusted 

(M ± SD) 
Adjusted 
(M ± SEM) 

Mean Difference 
(M ± SEM, p) 

a. Dissection Experience    

Control F15 169 34.76 ± 6.01 34.94 ± 0.37  
-1.98 ± 0.51, < 0.0005* 

Experimental F16 184 33.12 ± 6.34 32.96 ± 0.36 

b. Prosection Experience    

Control F15 52 33.48 ± 5.29  33.35 ± 0.59 
-2.79 ± 0.97, = 0.005* 

Experimental F16 31 30.35 ± 5.70 30.57 ±0.77 
Adjusted values represent the model with pDA score as a covariate. 

Note. Asterisks (*) denote significance at p ≤ 0.05. N = number of participants; M = Mean; SD = Standard Deviation; 

SEM = Standard Error of Mean. 
 

Similarly, relative to the control cohort, cSA scores differed in the experimental 

cohort in both the DI [F(1,350) = 14.016, p < 0.0005, partial η2 = 0.039] and PRO [F(1,80) 

= 16.880, p < 0.0005, partial η2 = 0.174] students. Specifically, cSA scores for both 

laboratory experiences in the experimental cohort were significantly higher (DI: 1.96 ± 
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0.52, p < 0.0005; PRO: 4.50 ± 1.09, p < 0.0005) when compared with the control cohort 

(Table 5.13). 

Table 5.13: A Contextual surface approach (cSA) scores for (a) dissection and (b) prosection-

based students enrolled in the human anatomy course at the University of Guelph 

during the Fall 2015 and 2016 semesters. 

 
N Unadjusted 

(M ± SD) 
Adjusted 
(M ± SEM) 

Mean Difference 
(M ± SEM, p) 

a. Dissection Experience    

Control F15 169 23.13 ± 5.84 23.12 ± 0.38 
1.96 ± 0.52, < 0.0005* 

Experimental F16 184 25.08 ± 6.04 25.08 ± 0.36 

b. Prosection Experience    

Control F15 52 22.52 ± 5.88 22.39 ± 0.67 
4.50 ± 1.09, < 0.0005* 

Experimental F16 31 26.68 ± 6.16 26.89 ± 0.87 
Adjusted values represent the model with pSA score as a covariate. 

Note. Asterisks (*) denote significance at p ≤ 0.05. N = number of participants; M = Mean; SD = Standard Deviation; 

SEM = Standard Error of Mean. 
 

5.2.4.2.3 Academic Performance 

Comparisons between the 2015 and 2016 cohorts for laboratory grades and final 

course grades as a function of laboratory experience (i.e., dissection versus prosection) 

are shown in Tables 5.14 and 5.15, respectively.  Laboratory grades significantly differed 

between the control and experimental cohorts for students enrolled in the DI [F(1,347) = 

6.568, p = 0.011, partial η2 = 0.019] and PRO [F(1,80) = 17.996, p < 0.0005, partial η2 = 

0.184]  laboratory experiences. Specifically, when compared to the control cohort, both 

DI and PRO students attained higher laboratory grades (Table 5.14). Conversely, final 

grades significantly differed between the control and experimental cohorts for students 

enrolled in the PRO [F(1,80) = 10.895, p = 0.001, partial η2 = 0.120] but not DI [F(1,350) 

= 1.139, p = 0.287, partial η2 = 0.003] laboratory experience. Specifically, when compared 

to the control cohort, DI students achieved a higher final grade (Table 5.15). 
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Table 5.14: A pairwise comparison of laboratory grades for (a) dissection and (b) prosection-

based students enrolled in the human anatomy course at the University of Guelph 

during the Fall 2015 and 2016 semesters. 

 
N Unadjusted 

(M ± SD) 
Adjusted  
(M ± SEM) 

Mean Difference  
(M ± SEM, p) 

a. Dissection Experience    

Control F15 169 91.73 ± 4.44 91.75 ± 0.34 
1.22 ± 0.48, 0.011* 

Experimental F16 181 93.00 ± 4.59 92.97 ± 0.33 

b. Prosection Experience    

Control F15 52 86.87 ± 5.91 86.94 ± 0.71 
4.94 ± 1.17, < 0.0005* 

Experimental F16 31 92.01 ± 4.42 91.88 ± 0.92 
Adjusted values represent the model with CGA as a covariate. 
Note. Asterisks (*) denote significance at p ≤ 0.05. N = number of participants, M = Mean, SD = Standard Deviation, 

SEM = Standard Error of Mean. 
 

Table 5.15: A pairwise comparison of final course grades for (a) dissection and (b) prosection-

based students enrolled in the human anatomy course at the University of Guelph 

during the Fall 2015 and 2016 semesters. 

 
N Unadjusted  

(M ± SD) 
Adjusted  
(M ± SEM) 

Mean Difference  
(M ± SEM, p) 

a. Dissection Laboratory 
Experience 

   

Control F15 169 87.84 ± 7.06 87.94 ± 0.43 
0.63 ± 0.59, 0.287 

Experimental F16 184 88.67 ± 7.23 88.58 ± 0.41 

b. Prosection Laboratory 
Experience 

   

Control F15 52 85.88 ± 7.67 86.09 ± 0.64 
3.47 ± 1.05, 0.001* 

Experimental F16 31 89.91 ± 4.90 89.56 ± 0.83 
Adjusted values represent the model with CGA as a covariate. 
Note. Asterisks (*) denote significance at p ≤ 0.05. N = number of participants, M = Mean, SD = Standard Deviation, 

SEM = Standard Error of Mean. 
 

5.2.4.3 CAL Resource Use 

Figure 5.9 shows results from the weekly resource use questionnaires; CAL 

resource use is shown for each laboratory unit (i.e., back, upper limb, thorax and 

abdomen) as a function of laboratory experience (i.e., dissection versus prosection). 

Students enrolled in the DI (42.21% ±1.71) laboratory experience appear to have 

significantly utilized the CAL resources over the course of the semester at a greater 

degree than students enrolled in the PRO (7.03% ±1.73) laboratory experience (p < 

0.0005). Specifically, CAL resources were used significantly more by DI students than 
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PRO students in the back unit laboratories (DI: 90.71% ±2.15; PRO: 25.81% ±7.99, p < 

0.0005), upper limb unit laboratories(DI: 66.67% ±3.49; PRO: 12.90% ±6.12, p < 0.0005), 

thorax unit laboratories (DI: 53.59% ±3.72; PRO: 9.68% ±5.40, p < 0.0005), and abdomen 

unit laboratories (DI: 41.57% ±3.70; PRO: 16.13% ±6.72, p = 0.007). 

For dissection-based students, we saw a gradual reduction in use frequency for 

each subsequent laboratory unit (Figure 5.9). Specifically, when compared to the back 

unit laboratories, CAL resource use frequency in the upper limb unit laboratories was 

significantly reduced (23.63 ±3.85, p < 0.0005). Similarly, when compared to the upper 

limb unit laboratories, CAL resource use frequency in the abdomen unit laboratories was 

significantly reduced (13.26 ±4.86, p = 0.007). Lastly, when compared to the thorax unit 

laboratories, CAL resource use frequency in the abdomen unit laboratories was 

significantly reduced (10.73 ±4.28, p = 0.013). Conversely, prosection-students did not 

differ in use frequency for all laboratory units (Figure 5.9).   
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Figure 5.9: CAL resource use frequency by laboratory experience, as reported on weekly end  of 

laboratory usage surveys 

• Asterisks (*) denote significance between the DI and PRO groups at p ≤ 0.05.  

• Similar letters indicate no difference in mean between indicated data sets at p ≤ 0.05. 

• Different letters denote a significant difference in mean between indicated data sets at p ≤ 0.05.  

• Error bars represent the standard error of mean. 
 

Data pertaining to students’ reasons for utilizing the CAL resource are shown on 

Figure 5.10. The most common reason students cited for using the CAL module was to 

aid with laboratory and dissection referencing (86.33% ±2.92) and was significantly cited 

more than all other categories (p < 0.05). The second most cited reason for using the CAL 

modules was for laboratory preparation (51.80% ±4.25) and scored significantly higher 

than the remaining categories (p < 0.05). Other reasons for using the CAL resources 

included reviewing course materials (20.86% ±3.60), preparing for laboratory quizzes 

(14.39% ±2.99), and preparing for exams (12.95% ±2.86), no significant difference were 

observed  in these categories (Figure 5.10). Differentiation in CAL resource use motives 
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based on laboratory experience could not be established due to the low response rate 

from PRO students. 
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Figure 5.10: CAL resource use reasons as cited by the dissection cohort in the Fall 2016 semester. 

• Similar letters indicate no difference in mean between indicated data sets at p ≤ 0.05. 

• Different letters denote a significant difference in mean between indicated data sets at p ≤ 0.05.  

• Error bars represent the standard error of mean. 

Based on the weekly end of laboratory surveys, the average perceived usefulness 

of the CAL resources across laboratory units did not differ between the DI (57.69 ±2.52) 

and PRO (49.44 ±14.92) students (p = 0.988).  In addition, based on the six CALRS scale 

items, students’ self-reported average satisfaction scores of the CAL resource did not 

differ between the DI (68.23 ±2.48) and PRO (62.5 ±9.92) students (p = 0.480). 

Table 5.16 shows data derived from two separate MLR analyses, each run to 

determine the potential impact of the demographic variables of SAL, cGA, sex and 
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program of study on CAL resource use for DI [F(5,178) = 2.559, p = 0.029, R2 = 0.067 

(0.041)] and the PRO [F(5,25) = 0.163, p = 0.974, R2 = 0.031 (-0.162)] students (Table 

5.16 a and b, respectively). CGA, sex, and program of study did not have statistically 

significant correlation with CAL resource use frequency in both DI and PRO cohorts 

(Table 5.16). However, in the DI cohort, there was a statistically significant influence of 

pDA (p = 0.027) and pSA (p = 0.030) scores on CAL resource use frequency, but not in 

the PRO cohort (Table 5.16). 

Table 5.16: Multiple linear regression analyses of the influences of demographic factors and 

student approaches to learning on CAL resource use frequency in the dissection and 

prosection cohorts during the Fall 2016 semester. 

Variable 
Unstandardized Standardized Sig. 

B Std. Error B’ p 

Dissection-based Laboratory Experience: CAL Resource Use Frequency (dependent) 

Model Intercept 36.216 24.230   

Preferred Deep Approach Score 0.684 0.307 0.171 0.027* 

Preferred Surface Approach Score 0.727 0.333 0.168 0.030* 

Cumulative Grade Average -0.290 0.280 -0.104 0.302 

Sex (Male) -4.417 3.583 -0.090 0.219 

Program of Study (Human Kinetics) -2.275 4.589 -0.049 0.621 

Prosection-based Laboratory Experience: CAL Resource Use Frequency (dependent) 

Model Intercept 2.709 28.609   

Preferred Deep Approach Score -0.066 0.446 -0.032 0.884 

Preferred Surface Approach Score 0.183 0.358 0.107 0.613 

Cumulative Grade Average -0.036 0.284 -0.031 0.900 

Sex (Male) 1.603 4.964 0.071 0.749 

Program of Study (Human Kinetics) 1.242 4.743 0.065 0.796 

Note. The reference level for sex is female. Program of study represents HK in reference to all other programs. p = 
statistical significance of B’. 

 

5.2.4.4 Student Approach to Learning 

Table 5.17 shows data derived from two separate MLR analyses conducted on DI 

students, each run to determine the potential impact of preferred SAL, CAL resource use 

frequency, reasons for using CAL, and CAL usefulness rating on contextual SAL (Table 
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5.17).  MLR models for the PRO students could not be executed due to due to low 

response rate.  

The cDA scores of DI [F(9,129) = 9.983, p < 0.0005, R2 = 0.411 (0.369)] students 

were significantly influenced only by the control variable, pDA scores (p < 0.0005). 

Conversely, cSA scores of DI [F(9,129) = 10.222, p < 0.0005, R2 = 0.416 (0.376)] students 

were significantly influenced by  both pDA and pSA SAL control variables. Specifically, a 

negative correlation was observed by the explanatory variable pDA scores (p < 0.028), 

where as a positive influence was observed by the explanatory variable pSA scores (p < 

0.0005). In addition, cSA scores were positively influenced by the control variable 

“Laboratory Quiz Preparation” (p = 0.049). No other potential explanatory variables 

correlated to students’ approach to learning (Table 5.17).  
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Table 5.17: Multiple linear regression analyses of the influences of CAL resource use and 

satisfaction on deep and surface learning approach scores in the dissection and 

prosection cohorts during the Fall 2016 semester. 

Variable 
Unstandardized Standardized Sig. 

B Std. Error B’ p 

Dissection-based Laboratory Experience 
Contextual Deep Approach Score (dependent) 

Model Intercept 9.493 4.215   

Preferred Deep Approach Score 0.679 0.083 0.619 0.000 

Preferred Surface Approach Score -0.026 0.089 -0.023 0.768 

CAL Resource Use Frequency 0.037 0.022 0.121 0.096 

Reasons for CAL Use:     

• Review of Course Material -0.964 1.355 -0.060 0.478 

• Laboratory Preparation -0.261 0.914 -0.020 0.776 

• Laboratory/Dissection Reference -0.822 1.333 -0.044 0.539 

• Laboratory Quiz Preparation 0.099 1.607 0.005 0.951 

• Exam Preparation 1.750 1.950 0.087 0.371 

CAL Usefulness Rating 0.007 0.015 0.031 0.663 

Contextual Surface Approach Score (dependent) 

Model Intercept 16.011 4.016   

Preferred Deep Approach Score -0.176 0.079 -0.167 0.028 

Preferred Surface Approach Score 0.593 0.085 0.531 0.000 

CAL Resource Use Frequency 0.010 0.021 0.035 0.626 

Reasons for CAL Use:     

• Review of Course Material 0.126 1.291 0.008 0.922 

• Laboratory Preparation 0.429 0.871 0.035 0.623 

• Laboratory/Dissection Reference 0.670 1.270 0.037 0.599 

• Laboratory Quiz Preparation 3.050 1.531 0.174 0.049 

• Exam Preparation -1.949 1.858 -0.100 0.296 

CAL Usefulness Rating -0.004 0.014 -0.020 0.770 

Prosection-based Laboratory Experience 
Contextual Deep Approach Score (dependent) 

Not Calculated due to low N 

Note. p = statistical significance of B’. 

 

5.2.4.5 Academic Performance 

Table 5.18 shows data derived from two separate MLR analyses, each run to 

determine the potential impact of CGA, contextual SAL, and CAL resource use on 

laboratory grades for DI [F(4,176) = 2.620, p = 0.037, R2 = 0.056 (0.035)] and PRO 

[F(4,26) = 0.542, p = 0.706, R2 = 0.077 (-0.065)] students (Table 5.18 a and b, 

respectively). There were no statistically significant correlations between CAL resource 

use and laboratory grades in both the DI and PRO cohorts (Table 5.18). Similarly, there 
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were no correlations between cDA or cSA scores and laboratory grades in both the DI 

and PRO cohorts (Table 5.18). However, the predictor CGA  appears to have a significant 

correlation with the laboratory grades of the DI (p = 0.009) cohort, but not the PRO (p = 

0.556) cohort. 

Table 5.18: Multiple linear regression analyses of the influences of CAL resource use on 

laboratory grades in the dissection and prosection cohorts during the Fall 2016 

semester. 

Variable 
Unstandardized Standardized Sig. 

B Std. Error B’ p 

Dissection-based Laboratory Experience 
Laboratory Grade (dependent) 

Model Intercept 88.923 4.203   

Cumulative Grade Average 0.109 0.041 0.198 0.009* 

Contextual Deep Approach Score -0.070 0.057 -0.097 0.215 

Contextual Surface Approach Score -0.086 0.059 -0.113 0.146 

CAL Resource Use Frequency -0.002 0.015 -0.008 0.916 

Prosection-based Laboratory Experience 
Laboratory Grade (dependent) 

Model Intercept 83.490 11.027   

Cumulative Grade Average 0.065 0.110 0.122 0.556 

Contextual Deep Approach Score 0.053 0.153 0.068 0.731 

Contextual Surface Approach Score 0.036 0.147 0.051 0.807 

CAL Resource Use Frequency 0.107 0.088 0.233 0.234 

Note. p = statistical significance of B’. 

 

Table 5.19 shows data derived from two separate MLR analyses, each run to 

determine the potential impact of CGA, contextual SAL, and CAL resource use on final 

grades for DI [F(4,179) = 29.090, p < 0.0005, R2 = 0.394 (0.380)] and PRO [F(4,26) = 

5.944, p = 0.002, R2 = 0.478 (0.397)] students (Table 5.19).  There was no statistically 

significant correlation between CAL resource use and final course grades in both the DI 

and PRO cohorts (Table 5.19). Similarly, no correlation between cDA scores and 

laboratory grades in both of the DI and PRO cohorts (Table 5.19). However, cSA scores 

had a statistically significant negative relationship with the laboratory grades in the DI (p 

= 0.035) cohort, but not the PRO (p = 0.498) cohort. Additionally, the predictor CGA 



 

207 
 

significantly influenced final course grades for both the DI (p < 0.0005) and PRO (p = 

0.001) cohorts.  

Table 5.19: Multiple linear regression analyses of the influences of CAL resource use on final 

course grades in the dissection and prosection cohorts during the Fall 2016 semester. 

Variable 
Unstandardized Standardized Sig. 
B Std. Error B’ p 

Dissection-based Laboratory Experience 
Final Course Grade (dependent) 

Model Intercept 50.084 5.277   

Cumulative Grade Average 0.529 0.051 0.607 < 0.0005* 

Contextual Deep Approach Score 0.005 0.071 0.004 0.947 

Contextual Surface Approach Score -0.156 0.074 -0.130 0.035* 

CAL Resource Use Frequency 0.019 0.019 0.059 0.321 

Prosection-based Laboratory Experience 
Final Course Grade (dependent) 

Model Intercept 60.639 9.189   

Cumulative Grade Average 0.333 0.091 0.563 0.001 * 

Contextual Deep Approach Score 0.170 0.127 0.198 0.193 

Contextual Surface Approach Score -0.084 0.123 -0.106 0.498 

CAL Resource Use Frequency -0.013 0.073 -0.026 0.856 

Note. p = statistical significance of B’. 

 

5.2.4.6 Student Feedback 

Table 5.20 itemizes sample comments and common themes that emerged from 

the thematic analysis of student-derived feedback regarding the usefulness of the CAL 

resource. Students' written feedback on the CAL resource was analyzed thematically; a 

number of common themes emerged that highlighted students’ perceived benefits and 

drawbacks of the CAL resource. In general, students found that the CAL resource 

provided several useful elements in terms of its content and design, which helped to 

prepare them for their laboratory sessions. In addition, students found the tool to be 

helpful for providing sufficient clarity, depth, relevance, and usability in the laboratory, 

leading to student independence from the TA and, ultimately, to a greater level of 

laboratory task efficiency and dissection quality. Nevertheless, the major disadvantage 
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appears to relate to the accessibility of the resource, which was available only to students 

in the laboratory, which tends to be a noisy environment with limited time due to other 

essential task requirements.  

Table 5.20: Emerging themes from the thematic analysis of student feedback regarding the CAL 

resource and its implementation during the Fall 2016 semester. 

Themes Example of Student Comments 

a. Benefits 

Student 
Independence 

(121) 

• “It's like a TA is always with you telling you what/how to dissect the next thing.” 

• “Used it a lot when we first began lab at the beginning of the semester, the TAs 
did not give us a lot of instructions on how to proceed (they did help us, but we 
still felt lost) so we referred to the dissection guide.” 

• “You knew what you needed to do and showed you how to do something instead 
of always needing a TA.” 

• “It was helpful and sometimes it allowed us to not wait half an hour to get a TA to 
help us.” 

 

Dissection 
Efficiency and 

Quality (96) 

• “Being able to see where the structures generally were before we started 

dissecting made me more confident that I wouldn't mess anything up/cut 

something I shouldn't. I was most nervous about dissecting in these areas.” 

• “Our textbooks help with the dissection but do not show real pictures or videos of 

what we are actually supposed to be doing. The CAL resource showed exactly 

what was expected of us in each particular lab.” 

• “They were all equally helpful, because it was nice to see real cadaver images 

and videos instead of just textbook pictures when trying to dissect precisely.” 

• “They were great help guiding the dissection, so we didn't make as many 

mistakes.” 

 

Depth/Clarity/Rel
evance/Usability 

(61) 

• Depth: “Good pictures, and that they walk you through the dissection step by step 

showing levels of depth.” 

• Clarity: “I liked the instructions and I liked seeing what we were supposed to be 

doing, what the end results of our actions were supposed to be.” 

• Relevance: “Easy to follow. Showed what everything was supposed to look like 

so if we had any differences, we could easily figure it out.” 

• Usability: “Very easy to follow and it was easy to compare it to our donor.” 

 

Content and 
Design Elements 

(49) 

• Signaling: “I like how they were step by step, and the highlighting made things 

easy to understand.” 

• DA: “Showed examples of what we were seeing, and we could understand why 

the dissectors did what they did.” 

• Multimedia: “The verbal descriptions helped with identifying what the video was 

showing and remembering names of associated parts.” 

• Learner Control: “Very detailed step by step instructions on how to complete the 

dissection, with the ability to pause and replay sections.” 

 

Preparedness 
(19) 

• Pre-Training: “The Dissection Guide was helpful as it prepared me for the lab. If 

I didn't know what was expected to be done during the lab, the tutorial told me.” 
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• Pre-Training: “Good visual demonstrations of what to expect.” 

• Pre-Training: “It really helped preparing you for the lab dissections and showing 
you where all the structures were.” 

• Alignment: “Before some labs I would watch these guides and copy down any 
important landmarks I should be looking for. This was a very good way to visually 
prepare for the lab and for practical examinations. I also liked how it lined up very 
nicely with what we covered in class.” 

 

b. Drawbacks 

Accessibility and 
Coherence (97) 

 

• “They [CAL Resource] weren't available to prepare for lab beforehand. I would 
have used them if they were. We had to dissect as much as possible and look 
at prosections with very little time for the videos. Great idea but we need them 
outside of class” 

• “I never really had enough time to use the [CAL Resource], and if you are 
dissecting then you aren't able to easily go back and fourth between the 
computer and the donor since the computer is a gloves free area.” 

• “If we could have accessed the guide prior to the lab we could've been more 
prepared on the day of lab, and started dissecting right away instead of 
spending time watching the guide and then starting.” 

• “Did not really have time during the lab […] I would have really benefited from 
having access to the [CAL Resource] at home, when I wasn't conflicted about 
spending time with the actual donors.” 

 

Auditory 
Implications (56) 

• “I found the [CAL Resource] very distracting in some situations, given that 
different stations played them at different intervals, so I couldn't just focus on 
mine.” 

• “It was sometimes difficult to hear the [CAL Resource] with all of the activity 
going on in the lab.” 

• “The [CAL Resource] did not include subtitles, so you had to listen closely and 
the lab got loud sometimes making it hard to hear.” 

• “Too busy in lab learning hands on, didn’t really seem appropriate to be using 
the [CAL Resource] in the small space and having to keep the volume down to 
not be disruptive to others, would have been SO MUCH BETTER if it was 
offered as an online resource. Please offer them online instead!” 

• “It was hard to hear the [CAL Resource], so we stopped using them.” 
 

Content Design 
(33) 

• “They were long to watch and felt there was better use of my lab time spent 
looking at the donors” 

• “Sometimes they went too fast for us to understand what we were doing - it 
might be helpful to make them a section of slides and text with the videos 
embedded rather than making them a video that doesn't have breaks in it.” 

• “they were long and my group didn’t usually watch all of it, we just skipped to 
certain sections” 

• “The dissections that were recorded were sped up way too fast, it was hard to 
slow it down. It should be slower and more stepwise, rather than a quick blast 
of what you guys did.” 

 

Relevance (13) 

• “They did not always line up with how the TAs wanted us to dissect our donors.” 

• “Not always relevant to what we were doing (sometimes we didn't reflect 
muscles/organs the same way)” 

• “I think they could be matched to what the TAs were telling us to do in our labs 

a little better/sometimes the TAs would be telling us different things than the 

dissection guides.” 
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Laboratory 
Experience Bias 

(40) 

• “I was under the impression that dissection guides were for mainly for the 

dissection section.” 

• “I was in prosection so I wasn't particularly interested in looking at the 

dissection part of the course as I wasn't tested on it.” 

• “I was in prosection and not dissection and therefore I did not access the 
dissection guide tutorials.” 

• “I am in prosecution and was not interested in learning about dissection.  

• “I was not in dissection and there is too much unnecessary info for a prosection 
student.” 

Note. Number in parentheses indicates the frequency a theme had emerged. 

 

5.2.4.6 Teaching Assistants Focus Group 

Examples of individual comments and general themes that emerged for the TA 

focus groups regarding the CAL resource and its impact on laboratory efficiency are 

presented in Table 5.21. In the TA focus group session pertaining the CAL resource and 

laboratory dynamics, several common themes were identified, highlighting both the 

advantages and disadvantages of the resource. In comparison to the fall 2015 semester, 

TAs observed that students were more independent in the fall 2016 semester, asking 

fewer questions regarding laboratory tasks and anatomical structure identification, thus 

resulting in less burden on the TAs in the laboratories. In addition, the TAs observed that 

students were more confident when starting their laboratory tasks, ultimately leading to 

an increase in dissection efficiency. Furthermore, fewer dissection errors were observed 

among students. Teaching Assistants noted that despite the CAL resources being an 

effective tool for students, only motivated students used these resources and benefited 

accordingly. Furthermore, TAs suggested that providing TAs with earlier access to the 

CAL resources would enable them to understand the content within the resource better, 

thereby increasing laboratory efficiency by directing students to the appropriate modules 

within the CAL resource. Table 5.21 illustrates an overview of themes and samples of 

comments related to each theme. 
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Table 5.21: Emerging themes from the thematic analysis of a focus group conducted with the 

laboratory teaching assistants regarding the CAL resource and its implementation 

during the Fall 2016 semester. 

 

Themes Examples of Teaching Assistant Comments 

Student 
Independence 

• “[the modules], promoted self-learning more” 

• “Questions like ‘what to dissect next’ was less this year.” 

• “the questions [the TAs were receiving] were very similar [in content], but the 
quantity was less.” 

• “I definitely thought [the modules] are helpful. They take the load off of the 
teaching assistants.” 

• “I believe the videos helped more […] it has taken some of the load off the TAs. 
[…] instead of us having to show them [what to do] always, we can [say] ‘have 
you checked out the dissection guide yet on the computer? Go take a look at 
that. And then if you're still having problems, come grab me.’” 

• “[The modules] were VERY useful when we were a little bit behind in lecture. […] 
They’d toss that video up and they had something that they could walk through 
them instead of having to do it on their own, which is tough for a lot of students. 
It's overwhelming for a lot of them […] when they have to do a new concept on 
their own. Having a video to walk them through the first couple steps has 
probably helped a lot I would say.” 

Dissection 
Efficiency and  

Quality 

• “I thought there were less mistakes this year. I feel like the dissection videos that 
were on the computers really helped them”  

• “[Compared to last year] I wouldn't say [the goal expectations] changed, I think 
the students’ perspectives on why they're doing it has changed. […] I think they 
definitely understand more why they’re doing what they’re doing” 

• “using [the modules] […] they asked us less [questions], or they felt a little bit 
more confident to start the dissection themselves.” 

Differential CAL 
Use 

• “Some students would ask less [less questions to the TAs], but others students 
ask just as much. And that comes back to the tools […] that you guys put in place 
this year, I think they're good. But you [to have] have someone who's willing to 
use them” 

• “I think [the modules are] well done, and well-executed. […] you can lead a horse 
to water, but you can't make them drink. So the students that used them, they 
worked well, but the students that [for whom] we pointed them to it, […] and they 
just didn't even try [to use it], for those students it did absolutely nothing. But the 
students that actually used them and worked them, they actually worked very 
well.” 

• “They used [the modules] more as the semester went on, just because they're 
more comfortable in the lab, and kind of doing things on their own” 

TA-Module 
Integration 

 

• “As we understood more of what's in the content of [the modules], so we can see 
them, we understood when it would be a good time to direct [students] to that 
instead of teaching them [ourselves].” 

• “We should definitely have the videos beforehand to rifle through them so we’re 
more familiar with the content ahead of the lab” 

• “I definitely thought [the modules] are helpful […] But I think [in order] to use them 
better, I think the teaching assistants have to know what's involved with them 
more.” 
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5.2.5 Discussion 

In order to enhance laboratory efficiency and student proficiency in the third-year 

undergraduate human anatomy course at the University of Guelph, we developed and 

tested a course-specific digital cadaveric-based interactive CAL resource, constructed in 

accordance with multimedia design principles (Mayer & Moreno, 2003), demonstrating 

dissection tasks and techniques, with an emphasis on the identification of anatomical 

structures and their associated relationships, and the integration of anatomical concepts 

into laboratory tasks. In support of our initial hypothesis, qualitative analysis suggests that 

the CAL resource could be used to facilitate laboratory task efficiency by enabling 

students to become self-sufficient and independent of TAs for guidance on laboratory 

tasks or identification of basic anatomical structures, all while improving dissection time 

efficiency and avoiding irreversible structural damage to tissues. However, in regard to 

our second hypothesis, suggesting that the CAL resource is capable of improving 

pedagogical outcomes, quantitative data analysis based on the relationship between 

students’ CAL resource usage frequency, CEQ, SAL, and course performance metrics 

suggest that the CAL resource did not influence student performance. In light of these 

results, future development of CAL resources for other course units (e.g., pelvis, lower 

extremity, head and neck) is encouraged. In addition, given the importance of teaching 

human anatomy and the common trend of limited laboratory time and resources available 

across institutions, these findings provide guidance and encouragement to anatomy 

instructors to develop their own digital dissection guides based on proven educational 

frameworks and theories, while carefully considering the most effective method of 

disseminating CAL resources and limiting cognitive overload. 
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5.2.5.1 CAL Resource Use 

For most students, cadaveric dissection is a new experience with a steep learning 

curve. Students tend to require the most guidance at the beginning of the semester to 

successfully complete their laboratory tasks and dissections  (DiLullo et al., 2006; 

Greene, 2020). Our study observed a significantly higher use frequency for CAL 

resources associated with the Back unit, which declined significantly for each subsequent 

unit (Figure 5.9). This could be explained by the increasing levels of student confidence 

and proficiency over the course of the semester, as noted by both students and TAs 

(Tables 5.20 and 5.21), and in line with other studies (Choi-lundberg et al., 2016; Greene, 

2020). The failure of laboratory tasks, such as completing dissections, identifying 

structures, and avoiding structural damage, leads to a negative emotional experience that 

negatively affects students' learning process (Williams et al., 2019). As explained in self-

efficacy theory, students experience a reduction in self-efficacy as a result of these 

failures, resulting in lower goal standards and less effort exerted when attempting to learn 

the anatomy of that particular region (Maddux, 1995). Conversely, successful completion 

of laboratory tasks and dissections increases student motivation, confidence, and self-

efficacy (Gupta & Pandey, 2020; Langfield et al., 2018; Williams et al., 2019). Students 

with a high degree of confidence are more likely to engage in additional laboratory 

dissection tasks, particularly if it involves a new experience or the chance to learn new 

skills (Larkin & Mcandrew, 2013; A. B. Wilson et al., 2018). Motivation to engage in 

dissection tasks is a desirable outcome, as the hands-on act of dissection has been 

shown to engage students in active learning (Turney, 2007), which is associated with a 



 

214 
 

deeper learning experience and improved knowledge retention (Pather, 2020; Williams 

et al., 2019).  

5.2.5.2 Laboratory Efficiency 

In laboratories with limited time and access, it is important to provide effective 

instructions that lead students to have better comprehension of laboratory content, tasks, 

dissection procedures and techniques (Pascoe & Betts, 2020). Educational activities that 

provide clear goals or outcomes have been shown to motivate learners, which has been 

tied to successful learning (Chan & Uhlmann, 2020). In this study, data analysis of CEQ 

scores revealed that DI students in the 2016 cohort who had access to the CAL resource 

indicated significantly higher agreement score on the “Clear Goals and Standards” 

category when compared to the control cohort (Table 5.11). This may suggest that the 

CAL resource provided DI students clarity of laboratory learning outcomes and 

expectations, and with explicit goals and quality standards in regard to their dissections 

(Table 5.6). While similar trends were observed in PRO students, they were not significant 

at the 5% confidence interval (Table 5.11).  

A focus group with laboratory TAs conducted at the end of the Fall 2016 semester 

corroborated the findings outlined above, suggesting the CAL modules led to clarity of 

tasks, as well as improved dissection efficiency and quality. TAs observed that students 

in the Fall 2016 semester often began their dissections without asking for direction on 

where to start and what to dissect next, demonstrating greater confidence than students 

in the Fall 2015 semester (Table 5.21). Additionally, the TAs noticed fewer anatomical 

dissection mistakes made by students throughout the semester, which they attributed to 

the use of the CAL resource (Table 5.21). Another emerging theme in the TA focus group 
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analysis was "student independence." While students relied less on TAs for laboratory 

tasks, they also appeared to become more independent in dissection procedures and 

techniques and understood and recognized the end outcomes of their dissections (Table 

5.21). 

Thematic analysis of student survey responses resulted in similar themes to those 

observed by the TAs.  Students described the CAL resource as being of great depth, 

clarity, relevance, and usability (Table 5.20). The scaffolding of information and the step-

by-step instructions provided within the CAL resource were appreciated, as they provided 

students with an integrative overview of anatomical structural depth, and a clear view of 

the final dissection (Table 5.20). By using this course-specific CAL resource, students 

were able to compare and contrast their laboratory dissections to those in the CAL 

resource, assisting them in identifying anatomical structures and landmarks (Table 5.20). 

CAL resources may also have helped improve dissection efficiency and quality, with 

students stating that the cadaveric-based visual content of the CAL resource was much 

more valuable in helping with dissection procedures and techniques than traditional 

schematized dissection guides (Table 5.20). Further, students believed that the use of 

the CAL resource reduced the number of mistakes made during dissection (Table 5.20). 

Therefore, it may be suggested that the dissection guides encouraged students to recall 

and integrate previously acquired knowledge with dissection steps in order to recognize 

anatomical relationships and depth, and thereby avoid irreversible structural damage to 

tissue. It appears that the most frequently student-cited benefit of the CAL resource 

relates to the theme of independence, similar to the theme observed in the TA focus group 

(Table 5.21). In particular, some students found the CAL resource satisfactory as a 
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substitute for the instructional and directive component of a TA (Table 5.20). Others 

preferred it in order to avoid waiting for a TA to become available, thereby increasing their 

dissection efficiency, while others found the instructions of a TA insufficient when 

compared to the depth of instructions found within the modules (Table 5.20). Ultimately, 

it appears that the CAL resource allowed students to become more confident, 

independent, and proficient learners within the laboratory, minimizing the burden of 

directive and identification questions associated with TAs. Thus, this allowed the TAs 

more time to engage with a larger number of students in deeper discussions related to 

integrative topics. 

In order to maintain small ratios between students and cadavers, new strategies 

are required as class sizes continue to increase. Many programs have therefore adopted 

alternative dissection laboratories or adapted strategies similar to ours, such as having a 

prosection-based as well as a dissection-based laboratory experience (T. J. Collins et al., 

1994; Granger & Calleson, 2007) . By designing this tool, we hoped both groups, including 

the PRO group, would benefit (Granger & Calleson, 2007). In addition to the inclusion of 

course concepts and other beneficial elements,  PRO students would have had the 

opportunity to observe the exploration and discovery process the DI students undergo in 

order to locate structures of interest (Granger & Calleson, 2007). However, we found that 

the DI students utilized the resource the most (Figure 5.9). This may be due to the design 

elements of the CAL resource, where it appears the most commonly-cited reasons 

students identified for utilizing CAL resources were laboratory and dissection referencing, 

followed by laboratory preparation, both of which are associated with DI experience 

requirements (Figure 5.10). Additionally, there was a major flaw in CAL implementation, 
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as the CAL resource was named “Dissection Guides” as it appeared on the computer 

screen. Consequently, many PRO students avoided using the CAL resource, believing 

that it was irrelevant to them or did not want to have to learn additional workloads that 

they deemed unnecessary (Table 5.20). 

5.2.5.3 Course Performance  

Several studies in human anatomy education have created and investigated the 

incorporation of dissection-based CAL resources into the program, with some finding 

significant improvements in exam and course scores correlated with CAL use (Greene, 

2020; Pascoe & Betts, 2020; Saxena et al., 2008; Topping, 2014), while others have found 

no improvement in performance as compared to historical controls (Choi-lundberg et al., 

2016; Granger & Calleson, 2007; Josephson & Moore, 2006; Langfield et al., 2018; 

Mahmud et al., 2011; Saxena et al., 2008).  

In this study, trends of a higher course final grade were observed, specifically PRO 

students of the Fall 2016 semester attained a significantly higher course grade average 

when compared to PRO students in the Fall 2015 semester. Several studies in human 

anatomy education have shown a positive correlation between CAL resource use and 

final grades, and some specifically showed that course-specific CAL dissection guides 

reduce the extraneous load experienced by learners when compared to traditional 

dissection resources, leading to improved course performance (Guy et al., 2018; 

Kirschner, 2002; Pascoe & Betts, 2020). Nevertheless, there was no correlation found 

between course grade and frequency of CAL resource use in this study (Table 5.19). In 

addition, cDA and cSA scores did not correlate to the frequency of CAL resource use 

(Table 5.17). However, due to study design limitations, individual CAL resource use 
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characteristics could not be identified; therefore, this data should be interpreted 

cautiously.  

A comprehensive meta-analysis by Wilson et al. (2018) suggests that student 

grade performance should not be the only variable analyzed; in fact, their research found 

no significant differences in performance on knowledge exam scores between students 

exposed to intervention strategies and those who were not. Furthermore, Wilson et al. 

(2018) recommended that various pedagogical approaches and interventions should be 

tested for their capability to maximize student confidence in the laboratory. Consequently, 

in order to evaluate the true impact of CAL resources on the learning environment and 

students' social development, they should be evaluated beyond the impact they have on 

grade performance (Hopkins et al., 2011).  

5.2.5.4 Student Learning Approach 

An objective of this study was to examine if students’ learning approach is 

influenced by CAL resource use. Deeper approaches to learning have been linked to 

several positive educational values (Pandey & Zimitat, 2007; Trigwell & Prosser, 1991). 

Specifically, in human anatomy education, deeper approaches to learning have been 

linked to quality learning and improved academic outcomes (Pandey & Zimitat, 2007). It 

has been established that the learning environment influences students’ approach to 

learning (Ramsden, 1992; Svirko & Mellanby, 2008; Trigwell et al., 1999; Trigwell & 

Prosser, 1991). Therefore, in this study we altered the learning environment by providing 

students with an interactive CAL resource aligned to with laboratory objectives and 

constructed in accordance with multimedia design principles (Mayer & Moreno, 2003), in 

which anatomical concepts are integrated into the laboratory tasks. Through the design 
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elements of the CAL resource, it was expected that students would have adopted a 

deeper approach to learning (Trigwell et al., 1999; Trigwell & Prosser, 1991). However, 

data analysis revealed that students from the 2016 cohort who had access to the CAL 

resource achieved significantly higher cSA scores (Table 5.13) and significantly lower 

cDA scores (Table 5.12) than students from the 2015 cohort who did not have access to 

the CAL resource. Although all other elements of the course remained the same, with the 

exception of the CAL resource integration, according to these results, it may be inferred 

that incorporating CAL resources into the laboratory and the subsequent change to the 

course environment may have encouraged surface learning approaches and discouraged 

deep learning approaches.  

Results of SAL were very surprising given the positive results related to students' 

perceptions of the course and improvements in academic performance. When compared 

to the control cohort of the Fall 2015 semester, DI students in the Fall 2016 semester 

were significantly more satisfied with the “Good Teaching” and “Clear Goals and 

Standards” components of the course (Table 5.11). Extensive research conducted on 

students’ perception of their learning environment determined that if students perceive 

the course to offer “Good Teaching”, then they tend to adopt deeper approaches to 

learning (Ramsden, 1992; Trigwell et al., 1999; K. L. Wilson et al., 1997). Similarly, when 

students perceive the course to offer “Clear Goals and Standards”, then they were more 

likely to engage with the material and try to structure and understand the content of the 

course, leading to deeper approaches to learning (Ramsden, 1991; K. L. Wilson et al., 

1997).  
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One possible explanation for the unexpected changes in SAL is the unique nature 

of anatomy education. Human anatomy is a subject that differs from other disciplines in 

that, in addition to having to learn about new structures, relationships, and their 

organization in the human body, a specialized language is also required to describe these 

structures and their location within the body. Deep approaches to learning may first 

require rote memorization of new complex vocabulary, an approach often associated with 

surface learning. Consequently, it may be difficult to distinguish a deeper approach to 

learning human anatomy from a surface approach (Entwistle & Entwistle, 2010; Pandey 

& Zimitat, 2007). Although this may account for an increase in cSA scores, it does not 

account for the decrease in cDA scores. 

Another explanation for the unexpected SAL results may lie in students’ perception 

of the appropriate workload and assessment within the learning environment. Lower 

scores on these two categories are associated with more surface learning strategies 

being used (Nijhuis et al., 2008; Ramsden, 1991; Trigwell & Prosser, 1991). Relative to 

the Fall 2015 semester, DI students in the Fall 2016 semester perceived the “Appropriate 

Workload” scale of the CEQ significantly less satisfactory (Table 5.11). As a result, 

students may have been encouraged to adopt a more surface learning approach in order 

to cope with the heavy workload. Similar findings were observed by Svirko et al. (2008), 

as they integrated a CAL resource into an anatomy course, which was well-received by 

students, though it prompted them to adopt a surface approach (Svirko & Mellanby, 

2008). Accordingly, student feedback indicated that there are a large number of tasks to 

be completed within a limited time period in the laboratory, making it difficult for students 

to utilize the CAL resource well (Table 5.20). Furthermore, cadaveric dissection is often 
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considered a time-honoured tradition (Rizzolo & Stewart, 2006; A. B. Wilson et al., 2018). 

Many students indicated their preference to spend the limited laboratory time learning 

from the cadavers rather than other laboratory activities, and are likely to have found the 

inclusion of CAL resources to be overwhelming (Table 5.20). In order to foster deep 

learning, it is crucial to give students enough time to understand the content through 

application (Nijhuis et al., 2008). This is particularly important in subjects such as human 

anatomy, which is already heavily replete with information, making proper integration of 

CAL resources paramount (Aziz et al., 2002; Greene, 2020; Svirko & Mellanby, 2008). 

Similarly, a strong trend of declining satisfaction perception of the “Appropriate 

Assessment” scale was observed in DI students in the Fall 2016 semester (Table 5.11). 

Although not significant, this trend may suggest that students were more focused on fact 

memorization and reproduction, thereby adopting surface approaches to learning 

(Ramsden, 1991).  

The implementation and accessibility of the CAL resource may have posed the 

greatest challenge and contributed to the negative SAL changes. In accordance with 

university program policy, the CAL resource was only available to students during the 

laboratory period. The CAL resource was made available to students on a computer 

screen adjacent to the dissection station in order to provide students with the opportunity 

to reference the CAL content during their dissections. However, the close proximity of the 

dissection stations presented a significant challenge for adjacent groups of students to 

concurrently utilize their modules as a result of noise interference. Compounded by an 

already noisy laboratory environment, the additional interference created by different 

dissection stations attempting to simultaneously use their modules resulted in a disruptive 
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learning environment for students to comprehend the auditory component of the videos 

effectively. This challenge was also highlighted by one of the emerging themes in student 

feedback, as they found the disruptions too overwhelming to use the CAL resource (Table 

5.20) effectively. Some students even mentioned that their ability to hear the videos was 

marginal (Table 5.20), bringing into question whether the full potential of the CAL resource 

was, in fact, able to be implemented at an impactful capacity. In order to meet the 

requirements of the E-Learning theory, nearly half the educational content in the modules 

was narrated, including information primarily delivered through narration and without on-

screen text or video, such as learning outcomes and dissection instructions (Guy et al., 

2018; Mayer, 2005, 2009; Mayer & Moreno, 2003). This decision, however, may have 

been detrimental to the learning process, as significant disturbances to the auditory 

delivery of this information would likely prevent students from learning essential content 

from the CAL modules (Trelease et al., 2020). In addition, given the dual-channel principle 

of the brain, whereby visual and auditory information are processed through separate 

channels during learning, and the limited capacity of the working memory, as it can only 

process a finite amount of information at any given time, a significant extent of noise 

interference in the anatomy laboratory may therefore directly contribute to disrupted 

cognitive learning processes (Mayer, 2009; T. D. Wilson, 2020). Since it has been shown 

that E-learning occurs best through the activation of both information channels, and that 

the overloading of either channel results in poor learning outcomes due to excessive 

extraneous processing, it is pertinent to adequately address any limitations posed by 

noise disruptions that may result in cognitive overload of the auditory channel and prevent 

the effective implementation of the CAL modules. Although our intent was for students to 
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use the visual and auditory aspects of the CAL resource during the dissection process, 

it’s been suggested that in a large laboratory setting where students' auditory systems 

are under strain due to intragroup communication pertaining to laboratory tasks, it is 

recommended that any CAL resource that employs auditory components be placed at a 

distant workstation (Trelease et al., 2020).  Additionally, although there was no correlation 

between CAL use and SAL scores, it is possible that the auditory distraction caused by 

eight computer stations simultaneously previewing CAL content may have negatively 

affected the learning experience of students engaged in other laboratory tasks. 

Lastly, another possible explanation for the increase in SA scores and reduction in 

DA scores could be related to a confounding factor, specifically the inclusion of another 

digital learning resource within our CAL resource. As part of another concurrent study, 

this digital resource strictly addressed anatomical course concepts. The rationale for this 

stipulation is based on the largest observed change difference in SAL scores, specifically 

the cSA of PRO students with a 4-point increase (Table 5.13). Though our resource was 

intended to benefit both DI and PRO students, PRO students used it infrequently (Figure 

5.9). In contrast, the other educational resource was utilized in equal frequency by DI and 

PRO students (McWatt 2019). This may suggest that the increase in SAL scores and the 

decrease in DA scores result from this confounding factor. 

5.2.6 Study Limitations  

Several limitations were associated with the dissemination of the CAL resource, 

its design, and the overall study design itself. Characteristics of CAL resource use 

detailing the frequency of visits, and the time spent per visit per module, could not be 

measured. An HTML code was originally developed and integrated into the CAL resource 
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code, which required students to log in with their ID in order to access the CAL resource. 

Therefore, the CAL resource allowed researchers to track and measure, in minutes, the 

use and use patterns of modules by each student. However, based on the realization that 

in a group laboratory environment, students may be accessing the modules 

interchangeably with each other's accounts, or simultaneously as a group, it was decided 

that attempting to measure CAL use in this manner may not be accurate. Mandating 

students to consistently log in and out in order to gain access to the website would add 

an additional layer of complexity to the CAL resource and likely disincentivize its use. 

Furthermore, many students did not watch the videos sequentially as they pause and 

rewind them based on individual needs, further complicating the ability to accurately track 

CAL use patterns. As a result, the tracking functionality of the CAL resource was disabled. 

Consequently, we were forced to rely on students being surveyed at the end of each 

laboratory to determine whether they had used the CAL resource or not. Aside from the 

fact that this technique could not identify use patterns, students may have left the 

laboratory without completing the survey, thereby not providing a truly representative 

indication of the frequency of use. 

The CAL resource design was limited due to software limitations which prevented 

the research team from successfully integrating synced rolling subtitles into the CAL 

resource. As a result of the noisy laboratory environment and the disruption of the 

cognitive learning process, students may have been unable to properly comprehend 

critical information presented only in the auditory format, such as the learning outcomes 

of each module. 
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Another limitation in the study may have stemmed from the survey respondents 

that were lost to follow-up. In particular, 46% of the responses to the final survey in the 

fall of 2016 did not complete the entire survey. Given that this is significantly higher than 

the 20% cut-off as an indicator of potential bias being introduced into the study (Dettori, 

2011), it must be noted that students were tasked with completing two separate surveys, 

presented as one large survey, with many similar questions from separate studies 

presented sequentially, and may have felt overwhelmed, resulting in skipping of questions 

with overlapping content. Furthermore, the survey of the current study was often 

presented to students following that of the other study, which may have further contributed 

to the high loss to follow-up rate.  

Finally, the study design accounted for further limitations. First, in line with the 

design used by many educational studies in which new learning resources are introduced, 

the present study used a quasi-experimental design with historical controls. As a result of 

the program design, a randomized controlled trial was not permitted. Nonetheless, even 

if possible, the practice could be unethical knowing that the resource can positively impact 

student learning. In addition, a randomized controlled trial could lead to rivalry between 

students who have access to CAL resources and result in the diffusion of treatment 

(Creswell & Guetterman, 2019; Gundersen & Svartdal, 2010; Kember, 2010; Langfield et 

al., 2018). Although preferred SALs and cGPAs were measured in order to account for 

these differences, each year's learning environment is unique, with far too many variables 

to account for and control effectively (Creswell & Guetterman, 2019; Mayer, 2019).  

Furthermore, the second limitation in study design may have affected the observed 

results by the presence of a concurrently implemented resource that was also testing the 
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effects of E-learning resource use on learning approaches and performance. Given that 

both resources were presented to students in a similar manner and through the same 

computer platform, its use may have biased the study observations. Since the 

implementation of this resource in the laboratory would have affected the use of our 

resource, and since that resource was also aimed at influencing student learning 

outcomes, it can therefore be classified as a confounding variable that may not have been 

accounted for in the initial study design.  

5.2.7 Study Future Direction 

While the CAL resources proved to be a valuable tool in the third-year human 

anatomy course, future directions of the study can expand on the current methods and 

implementation strategies to benefit students in a wider and in more targeted capacity. 

By better-analyzing module use patterns, including if, how, and why videos may have 

been viewed multiple times by students, we can better understand the cognitive learning 

processes being employed during CAL resource use. Based on literature demonstrating 

the positive effects that dissection videos have on learning, the potential benefits of the 

modules being used as a tool by students to reduce cognitive load prior to studying actual 

specimens in the dissection laboratories is another research topic that merits further 

research investigation. 

Moreover, expanding the current modules to include the second half of the third-

year anatomy course, covering the pelvis, the lower limb, and the head and neck regions, 

will provide students with the ability to stay consistent in their learning modalities 

throughout their undergraduate anatomy education. In line with feedback from the 

qualitative surveys, our understanding of the effects of CAL use on learning can 
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additionally be expanded by making the modules accessible outside of the laboratory. 

Further encouraging the use of the built-in quizzes is another method that learning can 

be better facilitated by giving students immediate feedback, and providing researchers 

with another valuable tool to assess learning outcomes. Given the limitations in the 

current CAL resource design, which did not specifically target the prosection cohort, 

another extension of the modules could include making videos for prosection students 

and evaluating its potential benefits throughout the semester. Finally, expanding the study 

scope to include cohorts from other classes, including first-year introductory biology and 

fourth-year advanced human anatomy students, and analyzing the implementation 

effects of these expanded resources, will provide a much broader perspective to our 

understanding of the influence that CAL has on student learning. 

5.2.8 Conclusion 

An interactive CAL resource incorporating a variety of digital media to demonstrate 

anatomical concepts, laboratory tasks, dissection procedures, and techniques did not 

correlate with changes in students' learning approaches or grade performance. While 

several multimedia design principles were utilized in order to reduce the likelihood of 

cognitive overload, an increase in surface approach scores and a decrease in deep 

approach scores were observed, which was likely a result of the integration and 

dissemination process of the CAL resource. Additionally, student feedback suggests that 

the design, incorporation, and dissemination of CAL resources are critical for successful 

learning outcomes. Despite this, students expressed high levels of satisfaction with the 

CAL resource and the course in general. DI students utilized and benefitted from the CAL 

resource the most, and it was used primarily for laboratory preparation and dissection 
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referencing. The CAL resource enhanced students’ confidence, independence, and 

proficiency in laboratory tasks, procedures and techniques, resulting in improved 

dissection quality and time efficiency. Overall, we remain strong advocates of cadaveric 

dissections and recommend implementing CAL resources as supplemental modalities in 

human anatomy education. 
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Chapter 6: COMPUTER ASSISTED LEARNING IN A 

PROFESSIONAL HEALTH PROGRAM  
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6.1 Chapter Introduction 

 

After documenting the positive impact of short cadaveric-based audiovisual 

modules in third-year undergraduate human anatomy laboratories, we sought to examine 

whether this effect extends beyond our curriculum and the walls of the University of 

Guelph, to an external professional group, specifically students enrolled in a respiratory 

therapy (RT) program at Fanshawe College (London, ON, Canada). Therefore, we 

created short cadaveric-based audiovisual modules utilizing our novel photography and 

videography techniques (Chapter 4), that highlight airway anatomy relative to intubation 

techniques of three common endotracheal intubation procedures. Specifically, we utilized 

a bisected donor, which allows us to superimpose procedural tools and showcase 

techniques, allowing for an integrated educational tool that combines the conceptual 

knowledge (the “why”) with the procedural knowledge (the “how”), in order to improve 

both the transfer and retention of procedural-based skills (Cheung et al., 2017, 2019). 

In contrast to using only one educational modality, blended learning (BL) combines 

E-learning with traditional learning (TL) or face-to-face learning (F2FL). Research has 

shown that blended learning has the greatest positive impact on students learning in 

human anatomy education. Therefore, we sought to investigate whether supplementing 

traditionally taught airway management skills in RT students with a series of short 

cadaveric-based instructional videos would lead to a better understanding of foundational 

knowledge associated to airway anatomy, leading to better intubation procedural 

technique scores and ventilation success rate, when compared to the traditionally taught 

group.  
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6.2 Cadaveric-based Airway Management Instructional Videos Supplement Traditionally-

Taught Patient Care Skills for Emergency Healthcare Providers 
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6.2.1 Abstract 

Effective administration of emergency medical care relies on the knowledge and 

skills of highly trained healthcare practitioners. As the scope of emergency medical care 

practice expands in the pre-hospital and hospital environments, approaches to 

emergency healthcare education must continue to evolve; a comprehensive 

understanding of human anatomy becomes more important than ever. The University of 

Guelph (Human Anatomy Program) and Fanshawe College (School of Health Science 

and Public Safety) collaborated to develop a cadaveric-based educational resource to 

facilitate the teaching of techniques and clinical skills associated with intubation 

procedures: endotracheal tube with stylet (ET-S), endotracheal tube with bougie 

introducer (ET-B), and intubation through a laryngeal mask airway (ET-ILMA). When 

presented in conjunction with, or following, ‘traditional’ anatomy and patient care 

procedures, the overall intent was to encourage critical thought relative to health science 

theory and current professional practice, therefore lead to higher skill proficiency. We 

tested the efficacy of cadaveric-based digital modules focused on the anatomy and skills 

associated with intubation procedures on first-year students enrolled in the Respiratory 

Therapy Program at Fanshawe College. Participants entered the study with traditional 

‘classroom knowledge’ of ET-S and ET-B; participants had no prior knowledge of ET-

ILMA. Participants' knowledge of relevant anatomy was assessed pre- and post-

intervention. For procedures, participants learned and practiced using low fidelity task 

trainers, with either traditional teaching material (i.e., control group) or audiovisual 

modules (i.e., experimental group). Following ET procedures, participants' competencies 

were tested. Pre-intervention assessment of anatomical knowledge did not differ (2.4 ± 
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5.2%, p = 0.645), whereas post-intervention assessment of anatomical knowledge 

differed between the two groups (15.9 ±4.8%, p = 0.002). Specifically, when test scores 

for anatomical knowledge assessment were compared pre- and post-intervention, the 

experimental group improved their scores by 21.5 ± 3.7% (p < 0.0005); the control did not 

improve post-intervention (3.2 ± 2.2%, p = 0.16). When combined with classroom-based 

instruction, cadaveric-based training enhanced students' intubation skills for ET-S (12.6 

±4.0%, p = 0.003). Interestingly, post-intervention intubation skills did not significantly 

differ between experimental and control groups for the procedure in which students did 

not have much prior practice, the ET-B and ET-ILMA procedure (ET-B: 4.8 ± 5.8%, p = 

0.408; ET-ILMA: 0.51 ±3.7%, p = 0.89). Ventilation success rates did not differ between 

experimental and control groups during the ET-S and ET-B procedures (ET-S: 7.1 ±7.1%, 

p = 0.336 ;ET-B: 21.4 ±14.4%, p = 0.152). However, ventilation success rates for the ET-

ILMA procedure saw a significant increase (27.2 ±12.1%, p = 0.029). Student feedback 

suggested that cadaveric-based learning improved their understanding and capacity to 

visualize anatomy, promoting an enhanced understanding of procedures. Procedural 

techniques were enhanced only when a cadaveric-based module was associated with 

classroom-based instruction, suggesting that the most beneficial use of this tool is to 

supplement traditional instructional practices.  
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6.2.2 Introduction 

Effective administration of emergency medical care relies on the conceptual and 

procedural knowledge of highly trained healthcare practitioners. As the scope of 

emergency medical care practice expands in the pre-hospital and hospital environments, 

approaches to emergency healthcare education must continue to evolve, while a 

comprehensive understanding of human anatomy becomes more important than ever. 

Particularly, the skills associated with the performance of essential, life-saving techniques 

and interventions may be enhanced by developing and emphasizing the connection 

between relevant anatomical structures and the effective administration of these 

techniques. 

Endotracheal intubation (ETI) is a life-saving airway management skill that can be 

fundamental to the successful administration of emergency medical care (Chao et al., 

2015; Pepe et al., 1985; Stewart et al., 1984). Generally, ETI is performed by emergency 

care providers and practitioners on injured and critically injured patients in the pre-hospital 

and hospital settings (Mechlin & Hurford, 2014; Prekker et al., 2014; H. E. Wang et al., 

2012). The main goals of ETI are to create and/or maintain a protected open airway and 

provide access for mechanical ventilation of the lungs if necessary (Ann Diggs et al., 

2014; A. G. Miller, 2017). Additionally, ETI is also used for mechanical ventilation of 

patients during anesthesia, and can also serve as a conduit for administering certain 

drugs (Greenberg, 1984; F. Wang et al., 2018). 

There are various techniques associated with the performance of ETI that are 

related to the nature of the specific airway issue, as well as the professional judgement 

and preferences of the healthcare practitioner. Orotracheal intubation via direct 
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laryngoscopy is a technique in which the practitioner uses a standard laryngoscope to 

visualize the glottic opening, then introduces an endotracheal tube (ET-tube) with the aid 

of a stylet, through the mouth, into the glottic inlet, to its resting position, immediately 

distal to the vocal cords and proximal to the carina (Hagberg & Artime, 2015; Levitan et 

al., 2011). Although this technique was pioneered over 100 years ago, it continues to be 

the most widely preferred and commonly used route for endotracheal intubation (Hirsch 

et al., 1986; Jackson, 1907; Pieters et al., 2015).  

Another ETI route is nasotracheal intubation (NTI), an intubating technique in 

which the operator passes the ET-tube through the nasal cavity, into the nasopharynx, 

advancing it to the oropharynx, and eventually through the glottic opening, to its resting 

position, immediately distal to the vocal cords (Chauhan & Acharya, 2016; Hagberg & 

Artime, 2015; Parkey et al., 2019; Rowbotham & Magill, 1921). The general popularity of 

this 100-year-old technique has been on a decline due to its associated risks, such as 

sinusitis, and the advent of muscle relaxants and orotracheal intubation. NTI is still 

employed when general anesthesia and neuromuscular blockade for ETI may pose a risk 

on the patient, or when clear access to the oral cavity is necessary, such as in some 

dental procedures, intraoral surgeries, and oropharyngeal surgeries (Chauhan & 

Acharya, 2016; Delaney & Hessler, 1988; Parkey et al., 2019). 

Supraglottic airway devices are becoming increasingly popular in airway 

management due to their ease of use (Ann Diggs et al., 2014; Cobas et al., 2009; H. E. 

Wang et al., 2012). The Laryngeal Mask Airway (LMA) is a supraglottic airway where the 

LMA cuff is inserted into the laryngopharynx, and once inflated, forms a seal to provide 

relative isolation of the trachea and allows for ventilation (Bein, 2005; Hagberg & Artime, 
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2015; Komatsu et al., 2004). A major disadvantage of the LMA is its limited ability to 

protect against insufflation of the stomach, and aspiration of gastric contents when 

compared to endotracheal intubation techniques (Bein, 2005). An alternate form of 

endotracheal intubation through an LMA is known as the intubating LMA (ILMA), first 

described by Dr. Archie Brain in 1997, designed with an epiglottic elevating bar that 

assists in blindly guiding the endotracheal tube into the glottic inlet, thereby allowing for 

direct supraglottic ventilation, as well as blind endotracheal intubation (Bein, 2005; 

Hagberg & Artime, 2015; Kapila et al., 1997; Komatsu et al., 2004). Although it was 

originally designed for use in the operating room setting, the LMA has been accepted as 

an appropriate device for the management of difficult airways in both the pre-hospital 

(Dunham et al., 2003) and the emergency room settings (Pollack, 2001). 

Intubation success rates of various airway management techniques are often 

discussed in the literature and have been correlated to both controllable and 

uncontrollable factors, such as the operator’s training level and experience, environment, 

and anatomical variation of the airway (Colwell et al., 2005; Mechlin & Hurford, 2014; 

Sloane et al., 2000; R. K. Tam et al., 2009). ETI performed in the pre-hospital setting is 

typically associated with emergency cases, possibly in a geographically challenging 

environment with limited equipment and space, and without the luxury of time to 

adequately collect and review patient history or assess the airway (A. G. Miller, 2017; 

Mort, 2007; O’Brien et al., 1988; Sloane et al., 2000). Additionally, ETI in the pre-hospital 

setting may be conducted by practitioners who may not have the training or ability to 

utilize advanced intubation techniques that have been shown to improve patient 
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outcomes, such as rapid sequence intubation (RSI) and drug-facilitated intubation 

techniques (Mechlin & Hurford, 2014; Vilke et al., 1994).  

The success rate of intubation varies depending on the environment, with higher 

success rates being associated with controlled environments. Tam et al. (2009) sought 

to examine the pre-hospital non-drug-assisted ETI success rates of advanced care 

paramedics in Ottawa, Ontario. This retrospective study reviewed ETIs performed on 

1,029 patients over a 25-month period. ETI was successful in 82.6% of patients, with the 

highest success rate (86.3%) found in patients without vital signs. First-attempt 

orotracheal intubation success rate was 66.3%, whereas first attempt nasotracheal 

intubation success rate was 54.9%. Conversely, in a large multi-center prospective 

observational study by Walls et al. (2011), data of 8,937 intubation encounters were 

collected over a 5-year period (1997-2002) from 31 emergency departments across 

Canada and the United States. The vast majority of intubations were performed by 

emergency physicians (87%) with the use of intubation medication (84%). Oral RSI 

accounted for 6,138 encounters, with a success rate of 82% on the first attempt and 95% 

on the second or third attempts. Orotracheal intubation accounted for 1,659 encounters, 

with a success rate of 81% on the first attempt and 92% on the second or third attempts. 

Nasotracheal intubation with topical anesthesia accounted for 288 attempts, with a 

success rate of 70% on the first attempt and 84% on the second or third attempts (Walls 

et al., 2011). 

Experience and training have been correlated to higher intubation success rates 

and fewer intubation attempts (Sanders et al., 2013). In the pre-hospital setting, the 

experience of the operator is directly correlated to the risk of adverse events, such as 
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esophageal intubation, cardiac arrest, hypoxemia, laryngospasm, cardiovascular 

collapse, and direct airway injury (Sanders et al., 2013). Additionally, multiple intubation 

attempts have been also directly correlated with increased complications, such as tissue 

trauma, bleeding, and mucosal edema (Mort, 2004). The national guidelines suggest 

attempting an alternative airway management technique after difficult intubation, defined 

as three failed intubation attempts (Mort, 2007).  

Respiratory therapists (RTs) in North America are healthcare practitioners that 

specialize in airway management and typically work in the hospital setting to assist with 

ETI in emergency procedures and routine surgeries. In a recent study exploring the 

training and skill maintenance methods of RTs at 74 different institutions in North 

America, it was found that on average, students received 4.3 ± 3.4 hours of classroom 

education taught mainly by RTs (A. G. Miller, 2017). The top three topics discussed in the 

classroom were equipment, anatomy and physiology, and indications, in order of most 

exposure. Before intubating patients, 92% of respondents indicated their students 

required hands-on simulation training, 51% required classroom training, and 38% 

required passing a written exam (A. G. Miller, 2017). As part of the intubation training, 

62% of respondents required their students to undertake 1 to 5 supervised intubations, 

29% required 6 to 10 supervised intubations, and 9% required greater than 10 supervised 

intubations. Supervised intubations were mainly conducted in the hospital setting. 

Recertification requirements varied, with the most common requirement being that RTs 

complete a minimum number of intubations annually (A. G. Miller, 2017). 
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Endotracheal intubation via direct laryngoscopy is a complex skill that requires a 

thorough understanding of airway anatomy (Brown Iii et al., 2014; Howard-Quijano et al., 

2008; Shulman et al., 2003), relies heavily on psychomotor skills (Levitan et al., 2001; 

Owen & Plummer, 2002), and requires repetition to achieve competency (Howard-

Quijano et al., 2008). The current educational model relies heavily on laboratories with 

formal curricula, and the practice of these skills on models and simulators to better 

prepare the trainees for their first patient encounters (Reznick & MacRae, 2006). While 

animal models are used for training invasive airway management procedures, such as 

cricothyrotomies, they are a poor choice for training endotracheal intubations, as they are 

limited by cost,  ethical issues, and vastly different airway anatomy (Owen & Plummer, 

2002; H. Thomas, 1994).  

Human cadavers are an ideal model to demonstrate airway management 

techniques due to the detailed anatomical landmarks, despite the high associated costs 

(Ferguson et al., 2016; Kovacs et al., 2018; Reznick & MacRae, 2006). Freshly-deceased 

cadavers are the closest models to a living patient, with very similar tissue characteristics 

and pliability, allowing for better cognition of the anatomy and procedure, along with 

improved psychomotor skills (H. Thomas, 1994). However, the potential for disease 

transmission, ethical issues, and specific consent from relatives are factors that limit 

training accessibility (Burns et al., 1994; H. Thomas, 1994; Yang et al., 2010). Preserved 

cadavers are another commonly used model; however, they do not bleed, produce 

secretions, and most embalming processes cause changes to muscle tone due to tissue 

adherence, thereby reducing resemblance of this model to a live patient (Calderwood & 

Ravin, 1972; Male & Koetter, 1997; Roberts & Hedges, 2013).  
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Novice practitioners often practice intubation on patients undergoing anesthesia 

for surgery; however, research indicates a higher incidental rate of oral trauma caused by 

trainees (Chen et al., 1990). Consequently, manikins are the most popular choice for 

instructional training, especially for a larger number of students to practice a variety of 

skills as they are often reusable (Gaiser, 2000; Owen & Plummer, 2002; H. Thomas, 

1994). Manikins allow for students to learn and practice a procedure multiple times, with 

no risk to patients (Kneebone et al., 2002; Owen & Plummer, 2002). Lastly, as technology 

continues to improve, simple task training manikins are becoming more lifelike and 

allowing for better psychomotor skills training, while high-fidelity manikins are allowing for 

better psychomotor and cognitive skill training, in multiple training scenarios, and multiple 

levels of airway difficulty (Kneebone et al., 2002; Price et al., 2020; Yang et al., 2010). 

Although hands-on simulation training using mannikins is the most widely used 

technique for teaching and evaluating endotracheal intubation via direct laryngoscopy, it 

has major limitations (Gaiser, 2000; Owen & Plummer, 2002; H. Thomas, 1994). Only 

one person at a time can visualize the larynx during intubation; therefore, it is difficult for 

an instructor to teach or evaluate the student using a mannikin (Howard-Quijano et al., 

2008). Additionally, with the advent of new techniques, such as the LMA, there has been 

a reduction in training time and opportunity for endotracheal intubation with direct 

laryngoscopy. This may lead to longer times to achieve competency in new trainees, 

reducing the intubation success rate and leading to increased morbidity and mortality 

rates. The use of technology in training, such as video-laryngoscopy is a welcomed 

resource (Low et al., 2008).   
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The Faculty of Health Sciences at Fanshawe College (London, Ontario, Canada) 

offers an academically and clinically rigorous three-year advanced diploma in Respiratory 

Therapy that is accredited nationally through Accreditation Canada, and follows a 

curriculum approved by the College of Respiratory Therapists of Ontario, the Canadian 

Society of Respiratory Therapists and the National Alliance of Respiratory Therapy 

Regulatory Bodies. Throughout the first two semesters of the program, students are 

exposed to specialized concepts in cardiopulmonary anatomy and physiology, with a 

focus on the hierarchical organization of the human body, the relationship between 

structure and function, as well as the homeostatic regulation of organ systems. A special 

emphasis is placed on understanding the structure and function of the respiratory system. 

Additionally, students participate in clinical application courses, which provide them with 

a practical experience with respiratory equipment, procedures, and patient care. A 

particular focus of the clinical application course in the second semester is airway 

management, which integrates practical skills stations, case-based learning, and high-

fidelity simulations to encourage critical thinking and teamwork among students. 

Thomas suggests two major components for adult learners to learn and perform a 

procedure successfully: 1) a cognitive understanding of the procedure (i.e., techniques, 

steps, anatomical landmarks, complications, indications), and 2) the psychomotor 

coordination and technical skills to performing the procedure (H. Thomas, 1994). 

Moreover, integrated instruction that combines the conceptual knowledge, such as the 

anatomy (the “why”) with the procedural knowledge (the “how”), has been shown to 

improve both the transfer and retention of procedural-based skills (Cheung et al., 2017, 
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2019). The recognition of anatomical landmarks and visual cues is just as essential as 

psychomotor skills (Hedges, 1994; van der Vlugt & Harter, 2002).  

To that end, we propose the design of a BL environment during the clinical 

applications course, where traditionally-taught airway management skills are 

supplemented with short, cadaveric-based instructional videos. The intent of these videos 

is to improve students’ understanding of airway anatomy, highlight the relationship 

between anatomical landmarks and correct tool placement, and improve the 

understanding of tool design and management techniques in relation to airway anatomy.  

This study investigates whether, in comparison to a TL environment, a BL 

environment integrating short cadaveric-based audiovisuals facilitates a comprehensive 

understanding of fundamental airway anatomy knowledge, improves intubation 

procedural  technique scores, and leads to higher ventilation success rates. In addition, 

through qualitative data, we sought to understand the perception of students towards 

using our cadaveric-based audiovisuals in which tools and techniques are integrated with 

anatomical structures and landmarks. It is hypothesized that RT students enrolled in the 

BL environment will have a better understanding of anatomical structures and landmarks 

related to airway intubation, resulting in an improved score on foundational airway 

anatomy when compared to their TL counterparts. In addition, the BL environment would 

provide greater understanding and integration of tools, techniques, and anatomical 

structures and relationships, which will ultimately result in improved intubation procedural 

technique scores, and ultimately, ventilation success rates. Lastly, students will recognize 

the educational benefits associated with the inclusion of these short supplementary 

resources that do not cause an additional-curricular burden on students .  
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6.2.3 Materials and Methods 

6.2.3.1 Participants 

Ethical approval was attained from the Research Ethics Board at Fanshawe 

College and written informed consent to participate was secured from all the participants. 

A total of 57 first-year respiratory students participated in the study, conducted during the 

2018 (n = 28) and the 2019 (n = 29) academic years. All students were enrolled in the 

Respiratory Therapy Program at Fanshawe College (London, Ontario, Canada). 

6.2.3.2 Cadaveric Donor Preparation and Imaging 

To demonstrate the various intubation techniques, the relevant anatomical 

structures, and the landmarks, a mid-sagittal view of the head, neck, and thoracic regions 

was required. A body graciously donated to the University of Guelph’s Human Anatomy 

Program was exclusively used for this study. To maintain endotracheal tube placement 

within the airways during ETI demonstrations, a sagittal cut of the body was conducted 

slightly off the midline of the trachea. To achieve this bisection, X-rays of the head, neck, 

and torso regions were acquired, along with digital photographs of the surface anatomy, 

all captured at similar angles and focal lengths. The images were digitally aligned and 

superimposed using Adobe Photoshop (Adobe Photoshop CC, 2014), allowing for a 

correlation between surface landmarks and the true location of the trachea. The resulting 

bisected specimen was minimally dissected to define anatomical landmarks, and 

portrayed in a supine position, a common orientation during endotracheal intubations in 

the field (Figure 6.1). 
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6.2.3.3 Cadaveric-based Modules 

Using the bisected specimen, four short audiovisual modules were created. The 

first module provided an overview of the specimen used in subsequent videos, while 

simultaneously reviewing the relevant anatomical structures, landmarks, and 

relationships of the airways. Special emphasis was placed on anatomical structures and 

landmarks relevant to endotracheal intubation, such as the vallecula, a landmark formed 

by the base of the tongue and the epiglottis, used for proper placement of the 

laryngoscope blade (Table 6.1). The second module showcased orotracheal intubation 

via direct laryngoscopy with the aid of a stylet (ET-S), a very common technique to 

introduce and establish airways when visualization of the glottis is possible (Table 6.2).  

The third module focused on direct laryngoscopy with a bougie introducer (ET-B), a 

technique commonly used if superior visualization of the glottis is difficult, as the bougie 

confirms correct positional placement through the tactile feel of tracheal hyaline cartilage 

(Table 6.3). Lastly, the fourth video showcased orotracheal intubation with an intubating 

laryngeal mask airway (ET-ILMA), a supraglottic blind technique that blocks the 

esophagus and forms an airtight seal on the glottis allowing for the introduction of an ETT 

through the glottis and into the trachea (Table 6.4). 
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Table 6.1: Components of the airway anatomy of the upper airways introductory module 

Time Anatomy of the Upper Airways: Introduction 

0:00 Learning Objectives 
0:22 Overview/Orientation 
0:57 Vertebral bodies/IVD/Spinous Processes, Spinal Cord 
1:14 Mechanism of Respiration - Overview 
1:28 Mechanism of Swallowing 
1:51 Nasal Cavity and associated structures 
2:15 Oral Cavity and associated structures 
2:50 Pharynx (Nasopharynx, Oropharynx, Laryngopharynx) 
3:08 Cervical Spine Levels, Epiglottis, Vallecula 
3:38 - 4:10 Thyroid Cartilage, Vocal cords, Cricoid Cartilage 

 

Table 6.2: Components of the ET-S Module 

Time Endotracheal Intubation with a Stylet – ET-S 

0:00 Perform direct laryngoscopy: Sweep tongue, no levering 
motion 

0:26 Introduce ETT 
0:40 Advance ETT through vocal cords 
0:49 Remove the stylet and laryngoscope blade 
0:58 Advance ETT into resting position with the trachea 
1:07 Inflate cuff 
1:20 Confirm tube position with bagging 
1:38-1:54 Extubate 

 

Table 6.3: Components of the ET-B Module 

Time Endotracheal Intubation with a Bougie – ET-B 

0:00 Perform direct laryngoscopy: Sweep tongue, no levering 
motion 

0:20 Advance the Bougie into the trachea 
0:31 Confirm placement with the tactile feel of tracheal rings 
0:40 Advance ETT into the trachea using a bougie 
0:58 Remove Bougie and laryngoscope blade 
1:12-1:30 Inflate cuff 
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Table 6.4: Components of the ET-ILMA Module 

Time Endotracheal Intubation with a Laryngeal Mask Airway 
– ET-LMA 

0:00 Insert and align LMA into anatomical position 
0:28 Inflate the cuff of the LMA 
0:39 Insert ETT through the LMA 
1:12 Inflate balloon on the ETT 
0:58 Advance ETT into resting position with the trachea 
1:07 Inflate cuff 
1:20 Confirm tube position with bagging 
1:38-2:14 Extubate 

 

 

6.2.3.4 Procedure 

The effects of cadaveric-based instructional videos on the three different 

orotracheal intubation procedures were examined (ET-S, ET-B, ET-ILMA). At the time of 

the study, participants had traditional classroom knowledge and practical experience of 

ET-S, some classroom knowledge of ET-B, and no prior classroom knowledge or practical 

experience of ET-ILMA. 

At the start of the study, a respiratory therapist provided a standard demonstration 

of ET-S, ET-B, and ET-ILMA. During the demonstration, another instructor provided 

verbal commentary describing the relevant tools, techniques, and anatomical landmarks 

associated with the procedure. Following the demonstration, participants were 

randomized into a control (n = 28) and an intervention (n = 29) group. Participants were 

then given ten minutes to complete a short-written knowledge test, identifying structures, 

landmarks, and levels associated with airway anatomy (Figure 6.1). 
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Figure 6.1: Anatomy of the Upper Airway Knowledge Quiz 

The control and intervention groups were then separated into two study rooms that 

contained the same number of manikins and tools required to perform the three 

procedures, at a ratio of two participants per station. In addition, the intervention group 

had access to a large 60” HD monitor that was used to display the relevant module on a 

loop. Prior to the start of the first procedure, the intervention group was exposed to the 

introductory anatomy module (Table 6.1). Next, participants were instructed to practice 

ET-S on manikins, in small groups, for a total of fifteen minutes. During this period, the 

intervention group had free access to the ET-S module that was playing in a continuous 

loop in their practice room (Table 6.2). At the end of the practice period, participants were 

sent to an adjacent break room, instructed not to discuss the study, and were provided 

snacks. During this period, participants were selected at random and sent to an adjacent 

testing room, where instructors blinded to the participants assigned group assessed their 

ET-S procedural skills and intubation success. The procedural skills were assessed 
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based on the program’s standardized rubric (Figure 6.2), where categorical items must 

be fulfilled in a specific order to achieve a passing grade. Successful intubation was 

defined as a bilateral rise of the lungs.  

The above study design was subsequently repeated for the ET-B and ET-ILMA 

procedures, with the respective module (Tables 5.2 and 5.3, respectively) and respective 

program standardized rubric (Figure 6.3 and 6.4, respectively). At the conclusion of the 

ET-ILMA testing procedure, participants were asked to complete a short-written 

knowledge test, identical to the first assessment (Figure 6.1). At the completion of the 

study, the control group had the opportunity to view all the cadaveric-based video 

modules. Following the study, participants were sent a voluntary digital survey to collect 

their subjective feedback on the cadaveric-based modules. The survey responses were 

collected and processed using Qualtrics software, Versions 032018 and 032019 of 

Qualtrics., Copyright © 2019 Qualtrics (Qualtrics, 2005).  
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Alphanumeric ID: N-427-XX     
   

Airway Intervention Research Study – ET-S 

 

Examiner: ________________ 

Instructions to Student:  
Perform intubation via direct laryngoscopy on the mannequin  

1 performed correctly, 0, not performed, or performed incorrectly  0/1 

1 Prepare equipment: ETT Cuff, laryngoscope blade, lube, stylet  
 

 

2 Position head into sniffers position 
 

 

3 Perform direct laryngoscopy: Sweep tongue, no levering motion 
 

 

4 Advance ETT through cords  
 

 

5 Remove stylet and continue to advance ETT  
 

 

6 Inflate cuff   
 

 

7 Confirm tube position with bagging: ETCO2, B/S 
 

 

8 Procedure should take less than 30 seconds (if procedure takes longer than 30 
seconds, inform student to ventilate patient and start again)   
 

 

9 Successful or unsuccessful 
 

 

 
Total Score  

       
         /9 

Time of procedure (from time laryngoscope blade enters mouth until first breath) 
 _________ time in Seconds  
 

Number of attempts   _________ 
 

Figure 6.2: Standardized assessment rubric used for the assessment of ET-S procedural skills and 

success rate. Yellow highlighted categories were discussed in the cadaveric 

instructional video, and included in the procedural skills data analysis. 
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Alphanumeric ID: N-427-01     
Airway Intervention Research Study – ET-B 

Examiner: ________________ 

Instructions to Student:  
Perform intubation via with the use of a Bougie on the mannequin  

1 performed correctly, 0, not performed, or performed incorrectly  0/1 

1 Prepare equipment: ETT Cuff, laryngoscope blade, lube 
 

 

2 Load ETT on Bougie  
 

 

3 Position head into sniffers position  
 

 

4 Perform direct laryngoscopy:  Sweep tongue, no levering motion  
 

 

5 Advance bougie into trachea  
 

 

6 Confirm placement with tactile feel of tracheal rings 
 

 

7 Leave bougie in place and advance ETT into the trachea 
 

 

8 Remove bougie 
 

 

9 Inflate cuff   
 

 

10 Confirm tube position with bagging: ETCO2, B/S 
 

 

11 Procedure should take less than 30 seconds (if procedure takes longer than 30 
seconds, inform student to ventilate patient and start again)   
 

 

12 Successful or unsuccessful 
 

 

 
Total Score  

       
       /12 

Time of procedure (from time laryngoscope blade enters mouth until first breath) 
 _________ time in Seconds  
 

Number of attempts   _________ 
 

Figure 6.3: Standardized assessment rubric used for the assessment of ET-B procedural skills 

and success rate. Yellow highlighted categories were discussed in the cadaveric 

instructional video and included in the procedural skills data analysis. 
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Alphanumeric ID: N-427-01     

  Airway Intervention Research Study – ET-ILMA 

Examiner: ________________ 

Instructions to Student:  
Perform intubation using the intubating LMA  

1 performed correctly, 0, not performed, or performed incorrectly  0/1 

1 Prepare equipment: Cuff on LMA and ETT, lubricate  
 

 

2 Insert LMA and inflate cuff 
 

 

3 Check position of LMA with ventilation 
 

 

4 Insert ETT through LMA inflate cuff  
 

 

5 Check position of ETT with ventilation 
 

 

6 Deflate LMA cuff and remove LMA with stabilizing rob leaving ETT in place 
  

 

7 Confirm tube position while bagging: ETCO2, B/S 
 

 

8 Procedure should take less than 30 seconds  
 

 

9 Successful or unsuccessful 
 

 

Total Score         
       /9 

Time of LMA (from time LMA enters mouth until first breath with LMA) _________ s  
Time of ETT (from time ETT enters LMA until first breath with ETT) ____________ s  
 
  

Number of attempts  to insert LMA______ 
Number of attempts to insert ETT and remove LMA __________ 
 

Figure 6.4: Standardized assessment rubric used for the assessment of ET-ILMA procedural skills 

and success rate. Yellow highlighted categories were discussed in the cadaveric 

instructional video and included in the procedural skills data analysis. 
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6.2.3.5 Statistical Analysis 

Data for each of the participants was digitized and coded into SPSS V25 (IBM 

Corp, 2017). A two-way mixed ANOVA was used to determine whether an interaction 

existed between a between-subjects factor with two groups (control and intervention), and 

a within-subjects factor (pre- and post-intervention) on a continuous variable (anatomical 

knowledge scores). A t-test was used to determine if a difference existed between two 

groups (intervention and control) on the continuous variable, procedural skills score, and 

the ordinal variable, intubation success score. 

Survey responses to the four intervention videos by the intervention group were 

imported into MAXQDA Analytics Pro (VERBI Software, 2017) for data thematic analysis. 

No a priori themes were described, instead, inductive analysis was used allowing for 

themes to emerge organically during this six-phased analysis process as described by 

Braun and Clarke (2006). 

6.2.4 Results 

6.2.4.1 Module 1: Anatomy of The Upper Airways 

Data are mean ± standard error, unless otherwise indicated. The table 6.5 

illustrates the results of the first and second anatomy tests for the control and intervention 

groups. Specifically, the first two columns provide scores from the second anatomy test 

administered at the end of the study for the control and intervention groups. In brackets 

are the mean changes in scores from the first anatomy test administered at the start of 

the study to the second anatomy test. The third column presents the mean difference 

between the control and intervention groups in scores from the second anatomy test. 
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There was a statistically significant interaction between the intervention and time 

on anatomical knowledge scores, F(1, 55) = 17.735, p < .0005, partial η2 = .244. There 

was a statistically significant difference in anatomical knowledge scores between the 

groups post-intervention, F(1, 55) = 10.742, p = .002, partial η2 = .163. Relative to the 

control group, the intervention group attained a statistically significantly higher score on 

the post-intervention assessment (M = 15.9, SE = 4.8, p = 0.002). There was a statistically 

significant effect of time on anatomical knowledge scores for the intervention group, F(1, 

28) = 33.692, p < .0005, partial η2 = .546. Relative to the pre-intervention time point, the 

intervention group attained a statistically significantly higher score on the post-

intervention assessment (M = 21.5, SE = 3.7, p < 0.0005) (Table 6.5 and Figure 6.5). 

Table 6.5: Airway anatomy knowledge test scores analysis from the pre- and post-intervention 

tests. 

Structures Control 
(n = 28) 

 

Intervention 
(n = 29) 

Test 2 
SG – CG % 

 Test 2 Scores % (Mean Test 2 – Test 1 %)  
  

Esophagus 96.4 (0.0) 96.6 (+6.9) 0.2 

Trachea 96.4 (0.0) 96.6 (+10.3) 0.2 

Thyroid Cartilage 53.6 (+21.4)* 89.7 (+31.0)* 36.1* 

Vallecula 71.4 (+3.6) 86.2 (+31.0)* 14.8 

Epiglottis 85.7 (-7.1) 94.8 (+3.4) 9.1 

Oropharynx 67.9 (-1.8) 77.6 (+19.0)* 9.7 

Uvula 53.6 (+7.1) 84.5(+43.1)* 30.9* 

Nasopharynx 75.0 (+3.6) 82.8 (+22.4)* 7.8 

C4/C5 level 12.5 (+1.8) 46.6 (+25.9)* 34.1* 

Overall Score 68.1 (+3.2) 83.9 (+21.5)* 15.9* 

SG = Study group, CG = Control group, * = Statistically significant difference 
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Figure 6.5: Airway anatomy knowledge test scores pre- and post-intervention. 

6.2.4.2 Module 2: Orotracheal Intubation via Direct Laryngoscopy with the Aid of a Stylet  

A Welch t-test was run to determine if there were differences in ET-S procedural 

test scores and ventilation success rates between the intervention and control groups. 

ET-S procedural test scores were higher in the intervention group (97.41 ±1.44%) than 

the control group (84.82 ±3.71%), a statistically significant difference of 12.59 ± 3.98%, 

T(34.956) = 3.162, p = .003, d = .849. Conversely, ET-S ventilation success rates in the 

intervention group (100%) and the control group (92.86 ±7.14%) did not significantly differ 

(Figures 6.6 and 6.7). 

6.2.4.3 Module 3: Orotracheal Intubation via Direct Laryngoscopy with the Aid of a Bougie 

Introducer 

An independent-sample T-test was run to determine if there were differences in 

ET-B procedural test scores between the intervention and control groups. ET-B 
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procedural test scores in the intervention group (91.38 ±3.37%) and the control group 

(86.54 ±4.72%) did not significantly differ. A Welch t-test was performed to determine if 

there were differences in ET-B ventilation success rates between the intervention and 

control groups. ET-B ventilation success rates in the intervention group (92.86 ±7.14%) 

and the control group (71.43 ±12.53%) did not significantly differ (Figures 6.6 and 6.7). 

6.2.4.4 Module 4: Orotracheal Intubation with an Intubating Laryngeal Mask Airway  

An independent-sample T-test was run to determine if there were differences in 

ET-ILMA procedural test scores between the intervention and control groups. ET-ILMA 

procedural test scores in the intervention group (93.1 ±2.86%) and the control group 

(92.59 ±2.42%) did not significantly differ. A Welch t-test was performed to determine if 

there were differences in ET-ILMA ventilation success rates between the intervention and 

control groups. ET-ILMA ventilation success rates were higher in the intervention group 

(82.76 ±7.14%) than the control group (55.56 ±9.75%), with a statistically significant 

difference of 27.20± 12.08%, T(48.439) = 2.252, p = .029, d=.608 (Figures 6.6 and 6.7). 
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Figure 6.6: A comparison of control and intervention procedural skill scores for the ET-S, ET-B, 

and ET-ILMA procedures. 

 

Figure 6.7: A comparison of control and intervention ventilation success rates for the ET-S, ET-B, 

and ET-ILMA procedures. 
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6.2.4.5 Survey Results and Thematic Analysis 

An online survey distributed to the participants at the end of the study yielded 41 

completed survey responses, of which 23 belonged to the intervention group. 100% of 

the intervention group agreed with the statement that the introductory chapter with a focus 

on the anatomy of the upper airways is an effective educational tool. 74% of the 

intervention group agreed with the statement that the ETI-Stylet video improved their 

understanding and technique. 83% of the intervention group agreed with the statement 

that the ETI-Bougie video improved their understanding and technique. And 83% of the 

intervention group agreed with the statement that the ETI-LMA video improved their 

understanding and technique. Based on student feedback, themes related to each of the 

cadaveric-based instructional videos were identified and analyzed based on reoccurrence 

frequency.  

6.2.5 Discussion  

In this study, we sought to examine whether the inclusion of short cadaveric-based 

instructional video modules that integrate the conceptual knowledge of relevant airway 

anatomy, with the procedural knowledge impact students’ understanding of the upper 

airway anatomy, intubation skills, and subsequently, intubation success rate in three 

different endotracheal intubation techniques. Overall, the results suggest the inclusion of 

short cadaveric-based instructional videos into the teaching curriculum is beneficial, as 

they may lead to improvement in both cognitive and psychomotor skills. Additionally, the 

efficacy of these videos is correlated to students’ prior classroom and laboratory 

exposure.  
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Cadaveric-based instructional video modules significantly improved students’ 

anatomical knowledge of the upper airways. Anatomical knowledge scores from the first 

written test did not differ between the intervention and control groups, suggesting similar 

baseline knowledge of upper airway anatomy. However, when re-examined at the end of 

the study, the control group’s anatomical knowledge score did not differ, whereas the 

intervention group with access to the cadaveric-based video modules saw a significant 

increase of 21.46% in anatomical knowledge scores. Specifically, the intervention group 

performed better at identifying anatomical structures and landmarks critical to performing 

endotracheal intubation, such as the vallecula, a critical landmark found at the base of 

the tongue, used for placement of the laryngoscope blade during endotracheal intubation 

(Hagberg & Artime, 2015; Jarvis et al., 2015). All students agreed that the introductory 

video is an effective educational tool. The most prevalent theme suggests the introductory 

video aided in better visualization of the anatomy related to the upper airways. Our results 

are similar to other studies demonstrating the inclusion of cadaveric media results in a 

better understanding and recognition of anatomical landmarks (Rafiq et al., 2004). 

During the ET-S procedure, the intervention group achieved a significantly higher 

procedural skills score when compared to the control group. However, both groups 

achieved equally high ventilation success rates. In fact, with the exception of one 

participant in the control group, all students were successful in ventilating the lungs on 

their first attempt. At the time of the study, all students had theoretical knowledge and 

hands-on experience with ET-S. The significantly higher ET-S procedural skills score 

observed in the intervention group was mainly attributed to the main technique category 

on the standardized assessment rubric (Figure 6.2 – Q3), where students are expected 
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to sweep the tongue with the laryngoscope, insert the tip of the laryngoscope into the 

vallecula, and perform direct laryngoscopy without a levering motion that may cause oral 

injury. This finding may suggest that the intervention group utilized the videos to improve 

their ET-S procedural skills by integrating their understanding of the anatomical 

landmarks, tools, and techniques. This explanation is corroborated by the qualitative data 

attained from the post-study surveys. The most reoccurring theme for the ET-S video 

suggests the cadaveric-based ET-S instructional video prompted a “better integration of 

the anatomy and procedure”, specifically, most students indicated having a better 

understanding of the specific placement of the laryngoscope and techniques in relation 

to the anatomical modelling of the airways.  

At the time of the study, students had minimal knowledge of the ET-B procedure 

and no laboratory exposure. Both the intervention and control groups achieved equally 

high procedural skills scores, which may be attributed to the similar procedural skills both 

ET-S and ET-B share. Additionally, due to the longitudinal study design, during the ET-B 

practice time, students may have discussed and recognized their shortcomings in the ET-

S procedure and improved on them. This is observable in the scores of the main 

technique category on the standardized assessment rubric shared between the ET-S 

(Figure 6.2 – Q3) and ET-B (Figure 6.3 – Q4) procedures, where the intervention group 

improved their score by 7% to 100%, and the control group improved their score by 32% 

to 96%. Qualitative data from the intervention group suggest the cadaveric-based ET-B 

video is a great tool for learning the basics of a new technique, and the ability to refer to 

the repeating video during the practice time was beneficial. Additionally, the intervention 

group had a better understanding of the anatomy in relation to the procedure, specifically 
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the relationship between the bougie and the tracheal rings. This theme is evident in the 

procedural skills score, where the largest categorical difference between the control and 

intervention groups is observed in the 6th category of the standardized assessment rubric 

(Figure 6.3 – Q6), where students are expected to confirm correct placement in the 

trachea with a tactile assessment of the tracheal rings. The ability to recognize the 

importance of identifying the tracheal rings to confirm placement may explain the 92.3% 

ventilation success rate achieved by the intervention group compared to the 71.4% 

ventilation success rate achieved by the control group (Figure 6.7).   

At the time of the study, students had no prior classroom or laboratory exposure 

to ET-ILMA. The LMA procedure on its own is meant to be a simple blind airway 

management technique that is easy to accomplish with high intubation success rates 

(Bein, 2005). However, the ILMA learning curve is significant and requires an 

understanding of the anatomical design of the cuff and technique required to pass the 

ET-tube through the glottis into the trachea (Hagberg & Artime, 2015). While both groups 

attained near-identical procedural skills scores, the intervention group attained a 

significantly higher ventilation success rate when compared to the control group (Figure 

6.7). The 82.8% intubation success rate in the intervention group could be explained by 

one of the major themes attained from the qualitative feedback, suggesting students 

attained a better understanding of the anatomical design of the LMA cuff, the alignment 

of the LMA epiglottic elevating bar to the epiglottis, and its functionality to pass the ET-

tube into the trachea.  

Patients come in a variety of ages, sizes, anatomical variations, and bodily fluids 

that may impede the visual identification of common landmarks (Male & Koetter, 1997). 
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Successful intubation requires a sound understanding of airway anatomy, and the ability 

to easily recognize and identify subtle anatomical landmarks (Hagberg & Artime, 2015; 

Hedges, 1994; Levitan et al., 2001; van der Vlugt & Harter, 2002). The traditional ETI 

practical teaching methodology using manikins has two major limitations. First, the 

manikins do not demonstrate the anatomical detail and variation that can be seen 

between patients (Levitan et al., 2001). Second, the limited view prevents the student 

from observing some of the procedural techniques within the upper airway as conducted 

by the instructor. Additionally, the instructor cannot properly evaluate and provide the 

student with prompt corrective feedback during the procedure (Howard-Quijano et al., 

2008). The inclusion of digital cadaveric resources for endotracheal intubation training 

has been recommended and demonstrated to improve anatomical understanding, and 

subsequently, procedural skills and success rates (Low et al., 2008). Additionally, the 

ability to identify relevant anatomical landmarks has been shown to reduce the required 

time to reach proficiency (Howard-Quijano et al., 2008). 

Our short cadaveric-based videos demonstrated the endotracheal intubation 

techniques from a midsagittal view, which allowed for better integration of the technique 

in relation to the anatomical landmarks, a shortfall of the traditional instructional 

methodology, where only the student or instructor can visualize the glottic opening while 

intubating a manikin (Cheung et al., 2017; Kaplan et al., 2002; Low et al., 2008). Our 

overall results were similar to a study by Low et al. (2008); the researchers found that a 

student and instructor sharing the same view during endotracheal intubation training 

using a video-laryngoscope is beneficial, leading to improved anatomical knowledge, 

procedural skills, and intubation success rates. The most reoccurring theme in the 
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qualitative data suggests students had a better understanding of the procedure by 

recognizing the relationship between the procedural technique in relation to the 

anatomical landmarks. The ability to integrate the theoretical knowledge with the 

conceptual knowledge led to improved procedural scores (Cheung et al., 2019). Although 

the ultimate goal of airway management is successful ventilation, improved procedural 

techniques are directly correlated to successful ventilation, and minimal oral trauma and 

complications (Sanders et al., 2013). Low concluded the inclusion of additional resources 

is beneficial, and anatomical knowledge of the airway anatomy is directly correlated to 

intubation success rate (Low et al., 2008). 

Lastly, students had the ability to refer to the looping cadaveric-instructional videos 

during their intubation practice time and adjust their techniques accordingly. This led to 

improved teamwork between group members and allowed for better utilization of the 

instructor’s time, thereby saving resources. Overall, we present a tool that is easy to 

create, with low implementation costs, and the ability to be used in a variety of courses 

over multiple years. The short length of these videos makes them ideal to supplement the 

current education model for airway management. 

6.2.6 Limitations 

It should be noted that ventilation success rates >90% are uncommon in novice 

healthcare providers working with patients. Tam et al. (2009) observed a first-attempt 

ventilation success rate of 66.3% in advanced care paramedics working in the pre-

hospital setting. Conversely, Walls et al. (2011) observed a first-attempt ventilation 

success rate of 81% in mainly emergency physicians working in the emergency 

department. In both studies, the operators did not have the time necessary to assess 
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patient history and are typically dealing with airways of various difficulty levels and 

complications, leading to a stressful environment (Mort, 2004; R. K. Tam et al., 2009; 

Walls et al., 2011). Conversely, Low et al. (2008) observed a ventilation success rate of 

87% in novice healthcare providers working with a standard manikin with normal airways 

(Low et al., 2008). Similarly, our students ventilated standard manikins with normal 

airways, in an environment they are accustomed to, and evaluators they are familiar with, 

overall leading to a low-stress environment which may explain the abnormally high 

ventilation success rates, suggesting a possible limitation in this study. Another limitation 

of our study was a large number of examiners involved in the student testing that differed 

over the two years. Due to time and space limitations, the data collection was required to 

be completed in one study session. To reduce the time burden on students, multiple 

examiners were used to reduce the data collection period and limit the study to four hours. 

Despite a short orientation to familiarize the instructors with requirements of each rubric, 

variability in the grading process between examiners may have existed.  

6.2.7 Conclusion 

ETI is a lifesaving technique with varying success rates influenced by multiple 

factors. Operator training level and experience have been positively correlated to 

intubation success rates (Colwell et al., 2005; Sanders et al., 2013; R. K. Tam et al., 

2009). Specifically, a sound understanding of airway anatomy and procedural 

psychomotor skills, along with the repetitive practice, are required to achieve competency 

(Mort, 2004; Owen & Plummer, 2002). ETI is typically taught by a combination of 

classroom education and hands-on simulation training using manikins (A. G. Miller, 2017). 

In this study, we presented an effective supplementary educational tool that can be easily 
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incorporated into the laboratory component of ETI training, without altering the curriculum. 

These short cadaveric-based instructional videos do not consume any additional 

resources or require any operating costs once created and can be used throughout 

multiple years. Our ET-S, ET-B, and ET-ILMA cadaveric-based instructional videos led to 

an improvement in students’ understanding of airway anatomy, improvement in students’ 

procedural techniques, and more importantly, allowed students to integrate theory into 

practice by recognizing the importance of relevant anatomical landmarks and their 

application to procedural techniques. Overall, we present a tool that enhances learning 

by encouraging critical thought relative to health science theory and current professional 

practice, potentially leading to increased proficiency, and minimized risks to patients. 
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Chapter 7: INTEGRATIVE DISCUSSION 
7.1 Overview 

The work in this thesis aimed to address gaps in the literature related to the use of 

technology in order to improve the overall student learning experience in human anatomy 

education. Particularly, the objectives of this thesis were to investigate the influence of 

sex (male or female), laboratory experience (DI or PRO), and a novel computer-assisted 

learning (CAL) resource on students’ anxiety state, subjective course experiences (CE), 

approaches to learning (SAL), and academic performance (Chapter 6) in an 

undergraduate non-medical human anatomy program (Chapters 4 and 5). Additionally, 

we sought to examine the influence of these CAL resources on procedural technique 

scores and procedural success rates in a professional health program (Chapter 6). The 

specific objectives and hypotheses of each project are described in Chapter 2. 

As time and resources were recognized as major limitations and catalysts for 

change in the literature, we aimed to create CAL resources based on affordable consumer 

technologies, constructed using established theoretical frameworks, and producing a final 

product that would not burden the already time-constrained curriculum. Thus, we 

developed a technique for capturing and processing audiovisual data that utilizes time-

lapse photography to present linear information in an efficient manner and address 

common shortcomings of CAL resources (Chapter 3).  

The impact of CAL has been investigated before, within, and outside of our 

laboratory. The study first examined whether non-medical undergraduate students 

experience a heightened state of anxiety prior to their first cadaveric laboratory 

experience, and whether an introductory cadaveric-based video would reduce this anxiety 
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state (Chapter 4). Following this, we examined the impact of incorporating digital 

dissection guides packaged into an interactive CAL resource within the laboratory on 

students' subjective course experiences (CE), approaches to learning (SAL), and 

academic performance (Chapter 5). Lastly, we examined the influence of digital intubation 

guides on the intubation procedural skill scores and success rates in a professional health 

(respiratory therapy) program (chapter 6). In this chapter, major findings will be presented 

for each project, as well as the strengths and limitations of the overall thesis, and 

recommendations for future research in the field of human anatomy education. 

7.2 Summary and Discussion of Major Findings 

There have been many references in the literature to the decreased time in the 

curriculum resulting from curricular reforms, as well as the associated high cost of 

administering a cadaveric-based human anatomy program to explain why cadaveric 

laboratories must be supplemented, and in some cases, completely replaced. The last 

twenty years have seen a proliferation of research on supplemental learning modalities 

using technology. This is largely the result of technological advances which led to 

powerful computers, image capturing devices, and a reduction in the cost and 

accessibility of these products. However, most of these often resource- and time-intensive 

modalities were evaluated for their efficacy on medical students during a time of 

curriculum reform.  

Accordingly, utilizing low-cost consumer technologies, and through the use of our 

own proprietary audiovisual production and acquisition processes, we have created short 

yet informative cadaveric-based audiovisuals. As a result of the capability to repurpose 

and repackage content according to the needs of students, we assessed the impact of 
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our tool in three different situations, and on a large number of measurable variables. It is 

our ultimate objective to improve our students' educational experience by providing them 

with the necessary tools to succeed. 

7.2.1 Study One: Pre-laboratory Anxiety 

In Study One, we examined the impact of technology prior to the anatomy 

laboratory. Specifically, we examined whether non-medical undergraduate students 

experience heightened anxiety before their first cadaver experience, whether gender 

(male/female) or laboratory experiences (DI/PRO) influence this anxiety, and whether we 

can reduce this heightened anxiety state through a short dissection-based introductory 

film (<3.5 minute) and other short interventions such as a mindfulness exercise. In the 

present study, we addressed a gap in the literature regarding the anxiety state of 

undergraduate non-medical students prior to a cadaveric experience, the impact of a 

short cadaveric-based introductory video on reducing anxiety, and the impact of a short 

mindfulness exercise (finger labyrinth) on reducing anxiety. Furthermore, this study 

demonstrated the efficacy of using a short (<1 minute) anxiety measurement tool to 

reduce the time burden on students. 

Consistent with our hypothesis (Chapter 2.2.1), we found that non-medical 

undergraduate students experienced a heightened anxiety state prior to their first 

cadaveric laboratory, which dissipates immediately after exposure. Furthermore, we 

found that a short introductory film is an effective tool of introducing and preparing 

students for their first cadaveric laboratory experience, thereby reducing this anticipatory 

anxiety, consistent with our hypothesis (Chapter 2.2.1). However, contrary to our 

hypothesis, we found that females self-reported anxiety states were significantly higher 



 

268 
 

than those of males, and as overall anxiety levels gradually decreased over time, the 

difference in scores between males and females decreased accordingly (Chapter 2.2.1). 

We also found that the cadaveric-based film was ineffective at reducing anxiety among 

females participating in the prosection-based experience. Last but not least, we found 

that a short mindfulness intervention demonstrated positive outcomes in reducing anxiety 

(Chapter 2.2.1).  

The results of our research demonstrate that our undergraduate non-medical 

students experience a heightened anxiety state prior to their first cadaveric laboratory. By 

shifting students' focus from what will come to the here and now (mindfulness), or by 

addressing the unknown (introductory film), this heightened anxiety state could be 

reduced. Our study is the first to demonstrate that a finger labyrinth can have positive 

anxiety reducing effects in an undergraduate cohort. As a result, we appreciate the short 

duration and low cost of the finger labyrinth exercise. While both interventions were 

effective, the introductory film was more beneficial as it not only reduced anxiety, but also 

prepared students for the visuals and tasks of their first laboratory. Additionally, the time 

and expense associated with creating this very brief introductory film are insignificant 

when compared to the benefits it will provide in future years. Furthermore, it is important 

to note that digital content can be easily re-edited and republished in order to increase its 

effectiveness. For example, the introductory film had a major weakness with showcasing 

an uncovered head, something students do not experience until their second semester, 

a shortcoming that can now be corrected for future years. 
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7.2.2 Study Two: Within the laboratory 

As a follow up to creating the introductory film in Study One in order to improve the 

learner's experience before the laboratory, we then sought to create a CAL resource to 

improve the learner's experience within the laboratory. We subsequently used the same 

proprietary audiovisual production and acquisition processes (Chapter 5.2.3.3.2) to 

document a full body dissection associated with the first semester of the course (back, 

upper limb, thorax, and abdomen). As a consequence, 200 hours of dissection were 

demonstrated within 1.6 hours, averaging 8.8 minutes per module (Chapter 5.2.3.3.3). In 

total, 10 narrated modules were produced (i.e., back: three modules; upper limb: three 

modules; thorax: two modules; abdomen: two modules). Modules effectively and 

efficiently exhibited a time-lapse of the dissection process for each of the laboratories as 

well as dissection tasks, procedures, and techniques. In developing these 

comprehensive, yet concise, modules, a number of factors were considered, including: 

educational framework theories, multimedia design principles, constructive alignment, 

technical considerations, content organization and presentation, course concept 

integration, and final implementation (Chapter 5.2.3.3.1). The modules were then 

packaged into an interactive CAL tool that was made available within the cadaveric 

laboratory to dissection- and prosection-based students, with the intent of being a self-

directed tool. 

The objectives of Study Two were to develop this cadaveric-based laboratory CAL 

tool and to evaluate its impact on students' learning in the course (Chapter 5). In 

particular, we examined the impact of CAL tool usage on students' course experience 

(CE), approach to learning (SAL), and academic performance. A gap in the literature is 
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addressed in this study, as most studies that have examined the integration of CAL 

resources in the dissection laboratory have examined medical students during curricular 

reform, looking at one variable and not controlling for cohort differences. Specifically, 

studies report students' positive satisfaction with their CAL resources, but do not 

investigate the link between CAL resource use and measurable outcomes, or indicate 

changes in performance at the end of the semester, but do not correlate these differences 

with CAL resource use throughout the semester. Our study, which collected weekly 

student self-reported CAL use frequency and satisfaction, allowed us to correlate 

students' CE, SAL, and performance, as well as feedback from teaching assistants and 

students, in order to describe how the CAL resource may impact the learning process. 

This study compared the demographic characteristics, subjective course 

experience, approaches to learning, and academic performance of students enrolled in 

DI and PRO laboratories between the Fall 2015 control cohort (without CAL) and Fall 

2016 experimental cohort (with CAL). In accordance with our hypothesis (Chapter 2.2.2), 

the Fall 2016 experimental cohort rated their overall course experience significantly 

higher than the Fall 2015 control cohort, including ratings on the learning resources scale 

and other subscales of the CEQ. However, contrary to our hypothesis, when compared 

to the Fall 2015 cohort, the Fall 2016 cohort with access to the CAL resource reported 

lower deep approach (DA) scores and higher surface approach (SA) scores. On their 

own, these results may suggest that students' use of our CAL resources led them to adopt 

a surface approach to learning. As an additional source of confusion, despite this 

resource design favouring the DI laboratory experience, and data demonstrating high 

CAL resource use by DI laboratories when compared with PRO laboratories, PRO 
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students' course grades in the Fall 2016 cohort were higher than their Fall 2015 

counterparts, whereas DI students did not experience a difference in course grades. 

Interestingly, both DI and PRO students in the Fall 2016 cohort saw a significant increase 

in laboratory grades when compared to their Fall 2015 counterparts. Thus, this data 

should be interpreted cautiously, as direct comparisons between cohorts did not control 

for all mitigating factors, or take into account the characteristics of CAL resource use. A 

number of MLRs were conducted in order to examine whether the use of CAL resources 

was correlated with SAL scores or course performance across each of the laboratory 

experiences; results indicated no correlation between the use of CAL resources and SAL 

scores or course performance.  

Qualitative data obtained from student feedback regarding their perception of the 

CAL resource, as well as TA focus groups about the integration and use of the CAL 

resource, may have proven to be the most insightful. The CAL resource and the course 

in general were highly rated by students. The DI students made the most use of the CAL 

resource and primarily used it for laboratory preparation and dissection reference. 

Qualitative data suggests that students were better able to perform laboratory tasks, 

procedures, and techniques with increased confidence, independence, and proficiency, 

resulting in improved dissection quality. Among the most common themes reviewed is 

students' desire to access the CAL resource outside of the laboratory setting, thereby 

allowing more time to interact with the resource and prepare. Considering the time 

constraint of the curricula, the students would have benefited more from having access 

to the CAL resource outside the laboratory environment, so as not to be competing with 

other curriculum resources and, most importantly, the cadavers. It is important to 



 

272 
 

recognize that dissemination of CAL resources is equally important as the production of 

the CAL resources themselves, and crucial to the achievement of effective outcomes. 

This is perhaps one of the most important findings from this study, which will guide other 

researchers in future studies attempting to create and disseminate CAL resources. 

7.2.3 Study Three: Beyond the laboratory 

In our third study, we sought to examine the impact of our tool on students' learning 

outside of undergraduate anatomy courses at the University of Guelph. Specifically, our 

first objective was to develop, in collaboration with Fanshawe College School of Health 

Science and Public Safety, short cadaveric-based instructional videos to facilitate the 

teaching of endotracheal intubation through a stylet (ET-S), a bougie introducer (ET-B), 

and through a laryngeal mask airway (ET-ILMA). In our second objective, we evaluated 

the impact of these videos on the techniques and clinical skills associated with these 

intubation procedures in a first-year respiratory therapy program at Fanshawe College 

(Ontario, Canada).  

Endotracheal intubation is a life-saving procedure with varying success rates 

depending on many factors, including the operator's training and experience. 

Competency requires an understanding of airway anatomy and a combination of 

procedural psychomotor skills achieved through repetition. Most often, endotracheal 

intubation is taught through a combination of classroom instruction and hands-on 

simulation training involving manikins. There is, however, a gap in the literature related to 

the use and assessment of cadaveric-based audiovisuals to explain the why (anatomy) 

with the how (technique) of the process. This research aims at addressing this gap by 

cadaveric-based audiovisuals for endotracheal intubation training and evaluating their 
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educational impact. As a result of this study, we have presented a time and cost effective 

supplementary educational tool that can easily be incorporated into the laboratory 

component of ETI training without having to change the curriculum. We found that our 

cadaveric-based instructional videos improved both students' understanding of airway 

anatomy and their procedural techniques, but more importantly, they helped students 

integrate theory into practice by recognizing the importance of relevant anatomical 

landmarks in procedural techniques. This study demonstrates that our tool can enhance 

learning by encouraging critical thinking in relation to health science theory and current 

professional practice, which may lead to increased proficiency and minimize the risks to 

patients. 

7.3 Strengths and Limitations  

Throughout this thesis, there have been many strengths and limitations identified 

related to three main themes: the contextual nature of educational research, study 

population, dissemination of resources and data collection. 

The field of educational research poses several challenges for 

researchers. Similar to most educational studies that introduce new learning resources 

into the curriculum, Studies One and Two utilized quasi-experimental designs with 

historical controls. In view of the design of the human anatomy course, a randomized 

controlled trial could not be conducted. Nevertheless, even if possible, it would be 

unethical to conduct a randomized controlled trial and withhold from the control cohort 

tools that might improve students' learning. Further, randomized controlled trials may lead 

to competition among students who have access to CAL resources, resulting in the 

diffusion of treatment (Creswell & Guetterman, 2019; Gundersen & Svartdal, 2010; 
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Kember, 2010; Langfield et al., 2018). New educational interventions are frequently driven 

by curricular reforms; therefore, educational studies examining their impact must 

determine whether any observable changes are the result of curricular reforms or the 

intervention itself. A strength of our study is that there were no curricular changes 

between cohorts. In fact, historical controls experienced the same instructor, studied the 

same materials, and were assessed similarly. Additionally, another strength of the thesis 

is the use of preferred SALs and GPAs to account for some of the differences between 

cohorts.  In spite of this, each year's learning environment is unique with far too many 

variables to be able to control and account for completely (Creswell & Guetterman, 2019; 

Mayer, 2019). 

The majority of educational research in human anatomy is conducted on medical 

students. Rarely are resources developed and tested for use with undergraduate students 

in the health sciences. Furthermore, most studies focus on either dissection- or 

prosection-based students. Among the strengths of this thesis is the fact that in our first 

two studies, we tested an undergraduate non-medical cohort, with a large number of 

participants. Additionally, these students were enrolled in either a dissection- or 

prosection-based laboratory experience, while attending the same lectures, being taught 

by the same instructor, and completing the same assessments. These strengths enabled 

us to gain a better understanding of the learning process associated with different 

laboratory types. For example, in Study One, we were the first to use a finger labyrinth in 

an effort to reduce pre-laboratory anxiety in human anatomy education. In addition, we 

were the first to use a very short introductory film (<3.5 minutes) in order to reduce anxiety. 

As well, the large number of participants in Study One, over the course of three years in 
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the same program without major changes, allowed for a better understanding of pre-

laboratory anxiety presence in an undergraduate North American cohort. Conversely, a 

limitation in study one was the design of a film that showcased tasks associated with the 

dissection laboratory, which was perceived negatively by PRO students (Chapter 4.2.6). 

Another example is Study Two, which contributed to our understanding of CAL resource 

development and dissemination in a non-medical undergraduate cohort. Additionally, 

insights were gained into the reasons for using the CAL resource based on laboratory 

experience (DI or PRO). However, one limitation of Study Two was that PRO students 

perceived the tool as a tool only useful to DI students, therefore limiting their use of the 

resource and thereby limiting the data collected from PRO students (Chapter 5.2.6). 

However, this is not to say these resources are only applicable to undergraduate non-

medical students. In Study Three, we demonstrated the transferability of the concept, 

where resources were developed and successfully disseminated to first-year respiratory 

therapy students. A limitation, however, was the small number of participants in the RT 

program, and the need for data collection over two years, with different examiners 

(Chapter 6.2.6).  

Possibly one of the biggest limitations, but perhaps also one of the strengths of 

this thesis was the dissemination of resources and data collection. The necessity for these 

supplementary tools arose primarily from the lack of time in the curriculum. As a result, 

we did not want to overburden an already busy curriculum with lengthy interventions and 

measures. An example of a strength was Study One, which demonstrated the reliability 

of short VAS-A in capturing the students' anxiety state. Nonetheless, in Study Two, there 

was a limitation of using short measures which resulted in the lack of adequate data 
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regarding CAL resource usage, which impacted the interpretation of data from the overall 

study. Additionally, limiting the CAL resource to the laboratory environment may have 

been detrimental to its intended purposes, since this not only limited students' access to 

the resource and was detrimental to auditory processing, but also competed with other 

resources in the laboratory, such as the cadavers (Chapter 5.2.6). 

7.4 Suggestion and Future Research 

Through this thesis, we have answered many of our initial research questions. At 

the same time, many new questions have emerged that will require further research to be 

addressed. We established in Study One that there was indeed an elevated level of 

anxiety among non-medical undergraduates. Nevertheless, there is no standardized 

VAS-A score for a North American undergraduate population that indicates a cut-off point 

for clinical anxiety. Consequently, correlating physiological measures, such as heart rate 

and blood pressure, to a psychometric instrument such as the VAS-A, could provide 

insights to what these anxiety scores represent clinically (Hughes & Black, 

2006). Alternatively, VAS-A scores can be correlated with the more popular STAI-A, 

thereby creating VAS-A cutoff scores that are indicative of anxiety among nonmedical 

undergraduate students in North America. The results of Study One also showed that 

other very short interventions, such as the finger labyrinth, were also able to significantly 

reduce students' anxiety prior to their first cadaveric laboratory experience. We believe 

there is merit in investigating whether this time- and cost-effective mindfulness activity 

can be useful in different situations (for example, before a practical test), and even in 

different courses. Finally, future research could explore if an additive effect exists through 

a mixed intervention strategy utilizing the strengths of the cadaveric film to prepare 
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students for their first laboratory experience by showing them what to expect and using 

mindfulness to engage them in thinking about the now.  

The research presented in this thesis demonstrates a considerable number of 

essential technical and logistical considerations that must be taken into account prior to 

developing, producing, and disseminating CAL resources. Though disseminating the CAL 

resource within the laboratory was necessary for donor confidentiality and copyright 

protection, it proved to be a logistical challenge. We specifically intended to develop a 

resource that relied on both auditory and visual channels for the dissemination of 

information. The loud laboratory environment, however, negated the auditory information 

and guidance offered by the CAL resource. The successful transmission of auditory 

information in a loud laboratory environment requires further investigation. In addition, the 

presence of the CAL resource in the laboratory environment prevented the measurement 

and analysis of the amount of time each student spent on the CAL resource, or the 

components of the CAL resource that each student interacted with. Perhaps providing 

access to this CAL resource online may address these issues. This was a point raised by 

students, as well, and may result in improved learning outcomes. As a side benefit, 

providing the CAL resource online will allow researchers to monitor the usage of CAL 

resources, identify patterns and areas of strengths and weaknesses in the course. By 

better-analyzing CAL resource use patterns, including if, how, and why modules may 

have been viewed multiple times by students, we can better understand the cognitive 

learning processes being employed during CAL resource use. The CAL resource could 

also be disseminated online for inclusion in other courses and programs, or even 

institutes, such as medical schools. Expanding the scope of the study to include cohorts 
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from other classes and institutes to analyze their implementation effects will provide a 

broader perception of the impact that CAL has on student learning. 

7.5 Conclusion 

The purpose of this thesis was to utilize accessible and affordable consumer 

technologies to capture, develop, and create short but informative cadaveric-based 

audiovisual resources that will ultimately enhance the students' learning experience. 

According to findings from this research, non-medical undergraduate students experience 

a high anxiety state prior to their first cadaveric laboratory experience, and a short 

introductory film could help to reduce this anxiety state and better prepare students for 

their first laboratory. Incorporating CAL resources within the laboratory was well received 

by students, who used the tool primarily for laboratory preparation and dissection 

referencing, which may have enhanced students’ confidence, independence, and 

proficiency in laboratory tasks, procedures and techniques, resulting in improved 

dissection quality and time efficiency. Last but not least, outside of the laboratory, our tool 

allowed respiratory therapists to gain a better understanding of intubation tools and 

techniques with respect to airway anatomy, thereby improving intubation procedural skill 

scores and intubation success rates. Accordingly, these results support the need for 

technology to be adapted in education in order to improve the students' learning 

experience. Furthermore, these results highlight the versatility of using CAL resources in 

various aspects of a program. Lastly, these findings demonstrate that the design, 

incorporation, and dissemination of CAL resources are critical for successful learning 

outcomes. 
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