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Abstract 
 
During semester one of 2020, the units ‘Functional Anatomy of the Trunk’ and ‘Functional Anatomy of the Limbs’ 

which focus on human topographical anatomy were re-designed into an online delivery format and taught remotely 

in response to the COVID-19 lockdown. It was expected that the move to remote teaching would negatively 

impact student perception and learning experience, in particular that of the cadaver-based laboratory work. The 

aim of this study was to investigate whether the replacement of traditional face-to-face cadaver-based anatomy 

laboratories with an online version using digital anatomy resources and Zoom technology as the communication 

platform would achieve comparable student learning experience and outcomes. First Year Students (n=69) 

enrolled in these units were invited to participate in this study and were asked at the conclusion of each unit to 

complete an anonymous opinion-based survey via Qualtrics. The Qualtrics data, student grades and Learning 

Management System (LMS) statistics were analysed. Results indicate that student perception of the online gross 

anatomy laboratory learning was positive and that it had complemented their learning. Most students agreed that 

as a visual learning resource, it provided an improved understanding of anatomy and helped with the application 

of anatomical knowledge. Interestingly, student performance showed a similar range of marks compared with 

previous years. However, students strongly agreed that the online 2D learning experience had significant 

limitations when compared to live use of cadavers in laboratories.  

 

Introduction 
 

The COVID crisis 
Almost overnight, COVID-19 transformed how we live, work, play, and learn. Higher 

Education providers were among those affected first and hardest hit; campuses across the world 

including Australia were shutdown, international students were unable to enter the country, and 

there was the need for an immediate shift from face-to-face to online learning (Evans et al., 

2020; Pather et al., 2020; Longhurst et al., 2020; Iwanaga et al., 2021). 
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Context for Universities 
Higher education providers all over the world, to the tune of more than 188 countries, have 

been impacted by this global pandemic. This equates to more than 90% of the world’s student 

population from Primary to Tertiary (UNESCO, 2020). 

 

Universities were quick to respond, quickly moving from face-to-face teaching, to teaching 

synchronously remotely or asynchronously online (Ali, 2020; Burki, 2020). Educators were 

now looking to redesign their units and to find answers to the many challenges that have come 

with distance learning format, especially given the increased burnout and lack of student 

engagement when universities offered only asynchronous lecture recordings (Chen, 

Kaczmarek & Ohyama, 2020; Pather et al., 2020). 

 

A review of medical schools teaching anatomy in England and Ireland demonstrated the rapid 

shift from in person to the online learning environment, substituting the cadaver-based learning 

with digital anatomy (Longhurst et al., 2020). Using a SWOT (strength, weakness, opportunity 

and threat) analysis, Longhurst et al. (2020) demonstrated a surprising commonality in the 

online teaching approach and type of resources used across the 14 different participating 

anatomy teaching universities in the United Kingdom and Republic of Ireland. This sudden and 

drastic shift was also reflected in Australia and New Zealand, demonstrating the suspension of 

the human body donor program in some medical schools, lectures now replaced by pre-

recorded concept videos, and practical sessions scheduled asynchronously and/or 

synchronously using multimedia resources, either with or without live streaming tutor support 

(Pather et al., 2020). 

 

While many universities switched from live lectures to asynchronous recorded lectures, this 

was not an option in Victoria University’s (VU) active learning block model approach, which 

features 3 hour active learning workshops (McCluskey, Weldon, & Smallridge, 2019). As a 

result, most units were offered synchronously and the timetabled period and active learning 

activities were modified to a suitable remote delivery format. A distinctive feature of the study 

of topographical anatomy at VU is the use of prosected cadavers in the anatomy laboratory. 

While the cadaver laboratory has always been a feature which attracted students to the study 

of anatomy, it now presented a unique challenge in that the state law of Victoria (Government 

of Victoria, 1982) prohibits the filming and or dissemination of cadaveric material (without 

prior donor consent) in any form whatsoever, thereby making it impossible to film existing 

teaching material which could then be quickly uploaded and used as resource in the online 

anatomy laboratories.  

 

During the 1st semester of 2020 the units ‘Functional Anatomy of the Trunk’ and ‘Functional 

Anatomy of the Limbs’ were quickly re-designed into a remote delivery format. The curriculum 

of these units focusses on topographical anatomy of the human trunk and limbs. The unique 

attributes of these units make them of interest for this case study. While some units transfer 

easily to a remote learning format, here the traditional face-to-face cadaver-based laboratory 

learning always considered a corner stone of anatomical education, represented a change that 

was considered greater compared with other units.  

 

The content of the new online laboratory sessions used digitised cadaveric images, together 

with a suite of web-based interactive multimedia simulation resources, such as, An@tomedia 

Online, Acland’s Atlas of Human Anatomy, Thieme and AnatomyTV. These simulation 

resources include 3D digital images and interactive anatomical models and are also widely used 

at other Universities teaching anatomy (Pather et al., 2020; Longhurst et al., 2020).  
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The entire laboratory curriculum was re-written and replaced with a suitable format that enables 

it to be used in synchronous Zoom (Zoom Voice Communications Inc, San Jose, CA) sessions. 

The curriculum content and contact hours remained the same. All synchronous online 

laboratory “Zoom” sessions were live streamed and tutor supported. 

 

Assessment 
Summative assessment was utilised in which each live streamed Zoom laboratory session 

required the completion of an assessable laboratory worksheet. The total weighting of the 

laboratory component was 40% of the total mark for the unit. The worksheet consisted of; short 

written response questions, identification questions, single answer response questions, fill in a 

table questions and higher order synthesis, analyse and construct questions. The worksheet 

activity questions were intentionally matched with the content topic within the simulation 

programs.  A feature of our online assessment work is the increased time needed and difficulty 

required to using a computer keyboard to type in the answers.  The remaining 60% of the mark 

consisted of summative assessments based on the theory taught in workshops. All assessments 

occurred online, and therefore were classified as open-book assessments. 

 

Unique setting of Victoria University 

 

The block teaching model  
Functional Anatomy of the Trunk and Limbs is taught within the First Year College (FYC) 

incorporated within the framework of the “block teaching model” which was adopted at the 

beginning of 2018 (McCluskey et al., 2019; 2020). The block teaching model is a time-

compressed method of intensive teaching in which the entire curriculum of a unit is taught and 

assessed over 4 weeks, and in which lectures and tutorials are replaced with workshops and 

face-to-face laboratories that follow sequentially. This new block teaching model (BTM) 

provided the overarching framework into which the new online teaching format had to fit 

(McCluskey et al., 2019; 2020). This format of teaching is not entirely unusual in the discipline 

of anatomy (Hubbard, Miller, & Olson, 2005; Larkin & McAndrew, 2013; Ganske, Su, Loukas, 

& Shaffer, 2006; Morris & Chirculescu, 2021) 
 

Remote synchronous teaching 

The teaching of gross anatomy has changed dramatically over the years. It has become 

increasingly important to provide a blended learning environment, which has student centered 

learning activities built to facilitate laboratory engagement (Flynn et al., 2021). It is without 

doubt that applying this flexibility in how we teach, such as mixed method of teaching and 

learning in anatomy during the current crisis is what is clearly needed (Flynn et al., 2021). Short 

segments of video clips from Acland’s Atlas of Human Anatomy (8-9 segments of 10-30 

minutes in length) were embedded in the learning activities and used to present dissection 

specimens to our students (Acland, 2013).  

 

Although studying real cadaver bodies provides an unparalleled means of teaching gross 

anatomy and is seen as an essential ingredient to anatomy education, it was not an option during 

the COVID-19 lockdown combined with social distancing requirements (Flynn et al., 2021). 

The increasing availability of Computer Aided Learning (CAL) software has been increasingly 

used to supplement and support the teaching of anatomy (Klein et al., 2019). The resources 

used as substitutes for the cadaver-based laboratory learning were freely accessible anytime, at 

no cost to all students, and available through the University library portal. The design of the 
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worksheets which interfaced with the various simulation programs, were supplemented by a 

digitised cadaveric image library and plastic models and were tailored to the learning outcomes 

to maximise active learning interaction between the student and the required content.  

 

Our e-learning approach consisted of not just making available another resource for students 

to use online, rather we intentionally used suitable computer based online programs previously 

shown to be applicable and helpful to students in bridging their understanding between theory 

and laboratory practice (Klein et al., 2019). The design and implementation of the anatomy 

laboratory activities were based on a model of continuous improvement that involves review 

and refinement based on student feedback and evaluation after each online mode of block 

teaching (Pather, 2015), with learning activities designed to be learner engaging, contextual 

and clinically relevant.  

 

Aims and Research Questions  

To investigate whether the replacement of traditional face to face cadaver-based anatomy 

laboratories with online laboratory classes using Zoom technology supplemented with online 

digital anatomy simulation programs, achieved comparable student learning outcomes and 

learning experience. 

 

Materials and Methods 
 

This study was approved by the Ethics Committee at Victoria University (HRE-17-192). 

Informed consent was obtained from all students and participation proceeded on a voluntary 

basis only.  

 

Functional Anatomy of the trunk (unit code RBM1100) is a first year, first semester unit and 

Functional Anatomy of the Limbs (unit code RBM1200) is a first year, second semester unit. 

The curriculum deals with the topographical anatomy of the human trunk and limbs.  

 

This study used four different online simulation programmes designed for the study of 

topographical anatomy: “Aclands Atlas of Human Anatomy” (Acland, 2013), An@tomedia 

Online (Eizenberg et al., 2019), AnatomyTV (Primal-Pictures, 2019) and Thieme (Gilroy et al., 

2019), and a digitised cadaveric image library, together with plastic models when appropriate. 

 

Each 2-hour online laboratory involved the utilisation of interactive multimedia programs 

including videos and interactive e-leaning modules, in 2-5 minute segments.  Between each 

segment, was time for live discussion facilitated by the tutor, and time for students to complete 

worksheet questions. 

 

Zoom (Zoom Voice Communications Inc., San Jose, CA) was used as the communication 

platform, and the whiteboard function within the Zoom program supplemented with a 

WACOM (Japan) tablet, to promote interactivity. 

 

Survey 

An anonymous opinion-based survey (via Qualtrics) was conducted at the end of each of 6 

consecutive anatomy teaching blocks of semester 1 and semester 2 in 2020. It was sent to all 

students enrolled in Functional Anatomy of the Trunk and Functional Anatomy of the Limbs. 
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The survey consisted of 43 closed questions and 8 open-ended questions. The survey was 

distributed via email, and or VU collaborate (VU’s Learning Management System) and 

embedded in the Qualtrics software. All First Year Students (n=218) enrolled in Human 

Biomedicine /Bioscience degree (HBBM, HBBS) were invited at the conclusion of the unit to 

complete the anonymous opinion-based survey via Qualtrics.  

 

The survey asked students to assess the quality and utility of each online anatomy laboratory. 

The opinion-based survey ranked the value of each question category in order of 1 to 5, (1 – 

strongly disagree to 5 – strongly agree) with 69 respondents (or 31%) from 218 students 

enrolled. Given the small population and sample size for the study, statistical analyses are 

limited, and largely descriptive statistics are utilised. With the sample size achieved in this 

study the power is 0.8 at p<0.05.  

 

The open-ended survey questions were grouped into the following question categories: 

questions relating to: (1) The online learning environment, (2) The online laboratory tutor, (3) 

The learning experience while in the online laboratory itself, (4) The perceived learning gain 

obtained from the online anatomy laboratory, (5) The overall impression of the learning 

experience of each online laboratory.  

 

Once all data had been collected, they were exported from the online survey into SPSS where 

descriptive data were collated and analyses were conducted. In addition, student academic 

performance data were obtained from the LMS. Academic performance is represented as a 

mean +/- SD, and an independent two-sample t-test was used to analyse performance between 

semesters and years. 

 

Results 

 
The quantitative results from the survey are shown in Tables 1 to 5. The survey is divided into 

5 question themes:  

1. The online learning environment  

2. The live stream online laboratory tutor  

3. The learning experience while attending the online laboratory itself  

4. The perceived learning experience outcomes after having attended the online anatomy 

lab  

5. The overall impression of learning experience of the online laboratory. 
 

The data are shown as a % of the total number of responders for Tables 1-5. 

 

Theme 1. The online laboratory learning environment 

 

The survey results show that the laboratory makes an important contribution to student learning 

(71%), providing an environment is conducive to their learning (77%), and with the aid of 

digital cadaver resources it aided student understanding of anatomy (71%). 
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Table 1: The online laboratory learning environment 

  Strongly disagree                 Strongly agree 

 1 2 3 4 5 

Q1a The lab makes important contribution to my learning 3% 3% 23% 43% 29% 

Q1b The lab environment is conducive to my learning 3% 3% 17% 60% 17% 

Q1c The cadaver photos aided my learning 0% 6% 23% 40% 31% 

Q1d The online lab sessions were concise and focused  3% 14% 23% 40% 20% 

Q1e It was easy to locate what I needed to identify 6% 11% 26% 51% 6% 

Q1f Being online was a challenging environment to work in 0% 20% 23% 34% 23% 

Q1g 
The 2 dimensional cadaver diagrams or phots are hard to 

work with 
3% 17% 29% 38% 14% 

Q1h 
The online lab was logically organised and appropriate 

for each session 
6%  9% 9% 54% 23% 

Q1j 
Not using real bodies makes it hard to  appreciate the 

relationship between structure and function 
0% 11% 26% 40% 23% 

       

 

In contrast, the online environment is itself challenging (57%) and it is not necessarily an easy 

medium to locate structures on the 2D cadaver images provided. 

 

Students agreed that the absence of real bodies representing the 3-dimentional nature of 

anatomy, makes it harder to appreciate the relationship between structure and function (63%), 

and the online environment is less interesting and engaging than learning from real bodies 

(65%). 
 

Theme 2: Advantages of live streaming tutor sessions 

 

From the survey, it is clear that students appreciate the presence of the live stream tutor, in 

areas such as guidance with key ideas and concepts (77%), feedback (75%) and in helping with 

identifying structures (80%). The majority clearly prefer a tutor supported session to that of a 

self-directed learning experience (63%). 

 

Table 2: The online laboratory tutor 
 Strongly disagree                 Strongly agree 

 1 2 3 4 5 

Q2a 
The tutor emphasised the key ideas & concepts before 

each session 
0% 6% 17% 63% 14% 

Q2b The tutor is key to understanding the structures presented 0% 6% 14% 60% 20% 

Q2c The tutor provided appropriate feedback 3% 12% 12% 46% 29% 

Q2d 
The online lab learning experience with tutor is better 

than independent self-directed learning  
0% 9% 29% 37% 26% 

  

 

Theme 3: The learning experience while in the online laboratory 

 

The learning experience while in the online laboratory, was found to range from somewhat 

engaging (40% agreeing and 14% strongly agreeing) towards less engaging (20% disagreeing 

and 6% strongly disagreeing). It nevertheless had the effect of improving student understanding 

of the topic (68%). 
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Table 3: While in the online laboratory 
 Strongly disagree                 Strongly agree 

Theme 3 While in the online laboratory 1 2 3 4 5 

Q3a I found the online lab work engaging 6% 20% 20% 40% 14% 

Q3b It helped me further understand anatomy 3% 11% 17% 43% 26% 

Q3c 
Less valuable teaching & learning resource because it is 

2D & not 3D 
3% 14% 23% 31% 29% 

Q3d 
The content of each online lab session was 

comprehensive 
0% 3% 9% 67% 20% 

Q3e The emphasis focused on important topics 0% 9% 31% 45% 14% 

Q3f The clinical applications seemed relevant & appropriate 0% 3% 20% 58% 20% 

Q3g The content was too comprehensive 6% 17% 46% 23% 9% 

 

Equally so, students agreed that as a 2D experience, it was a less valuable learning tool than a 

3D experience (60% agree/strongly agree), in that with 2D it is difficult to appreciate the 

layering in a structure. 
 

Themes 4 & 5: Perceived outcomes of having attended the online lab  

 

The results in Table 4 suggest a majority of respondents believed that the online labs increased 

their understanding (77% agree/strongly agree), ability to apply knowledge (57% 

agree/strongly agree) and reflection of learning (63% agree/strongly agree).  However, the 

respondents did not appear to believe that the online lab stimulated them to discuss the concepts 

and knowledge in their groups (44% disagree/strongly disagree).  

  

Table 4: As a result of having used the online lab  
 Strongly disagree                 Strongly agree 

 1 2 3 4 5 

Q4a I was stimulated to reflect on anatomical concepts 0% 9% 29% 46% 17% 

Q4b 
My intention to better understanding of anatomy was 

achieved 
3% 9% 11% 57% 20% 

Q4c 
I was stimulated to discuss anatomical concepts with 

those in my online group  
9% 35% 29% 18% 9% 

Q4d 
My application of anatomical knowledge to solve clinical 

problems improved 
6% 6% 30% 36% 21% 

 

Table 5: Regarding the overall learning experience of the online laboratory 
 

 Strongly disagree                 Strongly agree 

 1 2 3 4 5 

Q5a It provided valuable insights  0% 12% 12% 56% 21% 

Q5b 
The online lab helped me understand anatomy form 

multiple perspectives 
0% 9% 30% 41% 21% 

Q5c 
The online lab enhanced my ability to interpret anatomy 

rather than merely describe it 
3% 3% 15% 56% 24% 
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Overall, shown in Table 5, the learning experience provided valuable insights (76%), it helped 

enable them to understand anatomy from multiple perspectives (62%), and enhanced their 

ability to interpret anatomy rather than merely describe it (79%). 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1: Student Perceptions of the Learning Content of the online laboratory 

 
Survey respondents indicated that the videos (Acland’s Atlas of human anatomy) embedded in 

each laboratory session enhanced the ability to present multiple points of view of gross anatomy 

(Figure 1). This teaching tool enhances the presentation of structures that are 3-dimentional in 

nature and equally with their relationships to each other. 

 

Table 6: Academic Performance 

 

 2019 semester 1 2019 semester 2 2020 semester 1 2020 semester 2 

 RBM1100 RBM1200 RBM1100 RBM1200 

Mean +/-SD 74.17 +/- 8.9 76.49 +/- SD 9.4 76.49 +/- 9.37 75.98 +/- 9.23 

 

There was no statistically significant difference in academic performance when comparing unit 

performance of RBM1100 and RBM1200 between semesters of the same year (2020) and that 

with the same unit’s pre-COVID-19 year 2019. 

 

 

0% 10% 20% 30% 40% 50% 60%

Strongly Agree

Agree

Neither

Disagree

Stronly Disagree

Regarding the learning content of the online laboratory

It provided valuable insights

It helped understand anatomy from multiple perspective

It enganced my ability to interpret anatomy rather than merely describe it
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Figure 2: The effect of the online environment on contextualising understanding and 

ability to verbally interact (% of respondents) 

 

The survey results show the effect of the online environment on being able to contextualise 

understanding, and the ability to verbally interact in a group (Figure 2). While 64% agreed that 

they could contextualise their understanding online, the majority said that the online 

environment was not helpful with being able to verbally interact within their group (Figure 2). 

Data is presented as % of respondents. 
 

Open ended textual responses 

 

Respondents were given the opportunity to respond to an open-ended question, the results of 

which are presented in Table 7 below.  Example written comments from the student feedback 

open-ended question “From the questions within the themes listed, which are the most 

important factors that contributed to your learning?” are presented. 

 

Table 7: Summary of textual responses from survey 

Themes Definition  Examples 

The online 

laboratory 

learning 

environment 

 

does the online environment make an 

important contribution to my learning, is 

it conducive to my learning, do the digital 

aids help with the learning, is it an 

challenging environment to learn in, and 

are real bodies needed to appreciate the 

relationship between structure and 

function and more interesting to work 

with. 

• lab makes an important contribution 

to my learning, it was logically 

organised and appropriate for each 

session, & ease in locating 

information  

• Not using real bodies makes it hard 

to appreciate the relationship 

between structure and function 

• Online is not that great 

• Lack of physical engagement with 

real bodies in order to translate 

theory into reality 

• The fact that we were learning online 

and not from real bodies was less 

interesting and engaging 

  

64.71

11.7

23.53

31.43

51.43

17.14

0

10

20

30

40

50

60

70

yes no maybe

 

The effect of the online 

environment on being able to 

contextualise understanding 

 
Ability to verbally interact in 

a group 
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The online 

laboratory tutor 

This section focused on the contribution 

of the tutor, how important was it that 

they emphasized the key ideas & 

concepts, were they essential to interpret 

their understanding of the structure 

presented, & how important were they in 

providing feedback, & as preferred to 

independent self-directed study   

• ‘tutor feedback is very important’ 

• ‘The online anatomy lab complements 

the anatomy workshop teaching 

program and the tutor is key to 

understanding the structures 

presented’ 

• ‘with tutor explaining key ideas and 

concepts also high’ 

• ‘Overall, the online learning 

experience with the tutor is better than 

independent self-directed learning’ 

While in the 

online 

laboratory itself 

This section related to whether the 

learning experience was engaging, & in 

helping their understanding, was the 

experience less valuable being in 2D & 

not in 3D, & how comprehensive was the 

learning experience 

• ‘More manageable to focus on one 

subject at a time’ 

• ‘I can achieve more in less time’ 

• ‘Despite not doing science in VCE I 

was able to achieve HD’s…’ 

The perceived 

learning 

experience after 

having attended 

the online 

anatomy lab 

This section related to whether the lab 

experience stimulated the students to 

reflect on anatomical concepts, whether 

it had the outcome of producing better 

understanding of anatomy, the ability to 

discuss anatomical concepts with those in 

their online group, and whether it 

allowed the application of anatomical 

knowledge to solve clinical problems.  

• ‘[Teacher] is very mindful of the 

students and reassures us. Such a 

relief that an expert in the field has the 

heart to reassure us and act as a 

supportive voice.’ 

• ‘Clear, communicative, understands 

the needs of first year students, 

engaging, humorous, knows the 

material well.’ 

The overall 

perceived gain 

learning as a 

result of 

attending the 

online 

laboratory 

Elements related to how it provided 

valuable insights, to understand anatomy 

from multiple perspective, and whether it 

enhanced the student’s ability to interpret 

anatomy rather than merely describe it.  

• ‘[Teacher] is very mindful of the 

students and reassures us. Such a 

relief that an expert in the field has the 

heart to reassure us and act as a 

supportive voice.’ 

• ‘Clear, communicative, understands 

the needs of first year students, 

engaging, humorous, knows the 

material well.’ 

 

Overall, the comments in Table 7 are consistent with the findings of the survey.  For the most 

part, respondents were positive about the online lab experience, but believed that having access 

to cadavers in a class laboratory setting would have provided for a richer overall experience.  

 

Discussion 
 

The COVID-19 pandemic has, and continues to have a profound effect on higher education. 

Students and teachers needed to quickly embrace new technologies, adapt their learning and 

teaching styles to be effective within these new technologies, and change the way they connect 

with students to ensure their education could continue. The usual peer-to-peer social 

engagement, in which cues such as facial expressions that promote connectivity, passion and 

inspiration to help the learning process, was significantly marginalised. 

 

This study demonstrates from both quantitative and qualitative data that students' overall 

perception of their online learning experience (Figure 1) in topographical anatomy laboratory 

was positive and that it had extended their learning. They expressed appreciation of the 

teaching staffs’ efforts online and in being allowed to continue their studies through the 

COVID-19 pandemic, as it resulted in less disruption of their progression through their course.  

While peer-to-peer social interaction was not possible during the teaching and learning 
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sessions, new as yet unidentified substitute interactions developed. These included limited 

group interactions within breakout rooms, as well as the development of occasional outside 

formal Zoom class time, online private discussion forums.  

 

While much of the evidence available suggests that moving to online teaching from in-class 

teaching was not received well by students (Chen, Kaczmarek, Ohyama, 2020; Pather et al., 

2020), some evidence suggests that students were generally satisfied with the online course and 

that many of them preferred the online course to the offline course (Kim et al., 2020). Kim et 

al.’s (2020) results suggested a majority (84%) of the students wanted to maintain the online 

course after the end of COVID-19 (Kim et al., 2020). While the students in this study were 

satisfied with the quality of instruction provided, and achieved similar academic outcomes to 

face-to-face students in previous years, the students in this study stated that they would have 

preferred face-to-face laboratory classes over the remote Zoom classroom format.  

 

While there are many benefits of studying online digital anatomy as a replacement of the 

cadaver-based learning format, such as allowing students to continue with their studies, there 

was less travel to and from the institution, and more immediate accessibility. Also, it was 

possible to learn at any time and from anywhere, provided that there is adequate internet access. 

Online learning allows for greater learner-oriented learning flexibility, students are less 

distracted, can study at their own pace and repeat tasks such as listening to, or watching lectures 

as many times as they want, thereby enabling them to modulate their learning pace according 

to their ability. 
 

Challenges for both staff and students 

 

Within very tight time lines, it proved challenging to prepare new course content that would 

maintain learning outcomes, assessment standards, and without a negative impact on graduate 

capabilities. We believe that the online learning platform Zoom, in the format in which we 

conducted them, proved, for most, to be an adequate substitute. 

 

The quality of the delivery of online gross anatomy laboratories was heavily reliant on the style 

of teaching provided by the educators and demonstrators as frequently expressed by students. 

Educators had to prepare content delivery in various forms to convey an appreciation for the 

intricacy of the subject and establish comprehension, which was not always immediately clear 

to students, and through consistent feedback from students, developed into a form that became 

more user friendly. 

 

The use of various multimedia forms (digital cadaver image, dissection Video, interactive 

computer based programs such as An@tomedia) were employed simultaneously to encompass 

multiple perspectives and provide a broader picture in order to develop students’ understanding 

of the regions or structures being studied, as the 2-dimensional limitations of each individual 

resource did not accurately convey the multi-dimensional complexity of the many layers within 

the human body, which was commented by students as being a significant limitation to their 

learning. Anatomy is a 3-dimentional subject that requires the development of an understanding 

of the 3-dimentional relationships between structures, so often achieved with the study of 

human cadaveric materials or models. 

 

The adaptation of the curriculum into online gross anatomy laboratory classes was a direct 

result of the impact of the COVID-19 pandemic, and the subsequent restrictions rendered on 

face-to-face teaching capabilities. The content was developed with the key objective to 
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temporarily provide a substitute, filling the void forged by an inability for the students and 

teaching staff to access the human cadaveric specimens.  Based on our students’ feedback it 

certainly fulfilled this task.  This observation is supported by Longhurst et al. (2020), based on 

data collected from 14 Universities in the United Kingdom and Republic of Ireland. Indeed, 

the value or effectiveness of various teaching approaches used in the anatomy laboratory have 

been controversial and ongoing due to a general lack of methodological weaknesses and lack 

of summative empirical data (Wilson et al., 2018). Wilson et al. (2018), based on a meta-

analysis, concluded that “student performance on knowledge examinations was equivalent 

regardless of being exposed to either dissection or another laboratory instructional strategies 

such as dissection vs. prosection, dissection vs. digital media, dissection vs. models/modelling, 

and dissection vs. hybrid and therefore in the context of short-term knowledge gains alone, 

dissection is no better, and no worse, than alternative instructional modalities”(pp.122-123), an 

observation supported in this study. 
   

Students’ academic performance also did not differ significantly compared with previous years, 

an observation supported by others (Kim et al., 2020), but not supported by Mathiowitz, Yu, 

and Quake-Rapp (2016), who demonstrated that students in the in-person format had better 

academic results compared with distance learning. Our observations and students’ feedback 

suggest however, that the online space is a more difficult environment to work in. The online 

learning environment using the platform Zoom has significant limitations, where the user has 

no control over power failures or inadequate internet access, or of insufficient quality in 

computer equipment from both the student and teacher.  

 

It seems that while we can achieve cognitive engagement in the laboratory, as academic 

outcomes have remained the same, it does come at a cost of social engagement.  The online 

environment is less than conducive to learning in the form of promoting group work, in 

engaging with others either by facilitating discussion or verbal communication in general with 

other members in online groups. The survey indicates that students are able to contextualise 

their understanding, but are less able to work in a group and to verbally describe anatomic 

concepts (Figure 2). It is socially more isolating, as cameras can be turned off and it is harder 

to verbally communicate and connect online with each other and teaching staff.  

 

While distance-learning pedagogy would suggest that harnessing the collaborative and 

interactive functions now available and built into online communication platforms is possible, 

from our feedback it did not harness or promote the development of social engagement during 

the teaching process. Indeed, there was clear preference for live streaming tutor support and 

connectivity.  Other factors, such as not using real bodies, made it hard to appreciate the 3D 

relationship between structure and function.  The online laboratory was perceived as less 

interesting and engaging, not as engaging in group work (breakout rooms), nor did it stimulate 

students to discuss anatomical concepts with those in their online group. While the online gross 

anatomy laboratory model was an adequate substitute, it was found to fall short of the standard 

of comprehension generally provided by the face-to-face delivery of on-campus wet laboratory 

classes. However, irrespective of what teaching approach is used, whether face-to-face or 

online, we found that similar learning outcomes were achieved. This observation is not 

supported by Mathiowitz et al. (2015), who showed that the in-person experience produced 

better academic outcomes. In contrast Wilson (2018) showed that dissection provided no 

significant advantages or disadvantages, than alternative instructional modalities (Wilson et al., 

2018) 
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It is without doubt that the future of cadaver-based anatomy education is certainly under 

review, as the human body donor program has been suspended in many parts of Australia and 

around the world, and the potential risks of infection from COVID-19 infected cadavers 

remains unexplored and a high-risk environment (Lemos, et al., 2020; Onigbinde et al., 2020). 

Currently, at a time when social distancing measures are isolating students from family and 

friends, maybe in the future when a return to normal is possible it will be more important than 

ever to provide a sense of community in our teaching, embracing a higher awareness of the 

benefits of both cognitive and social engagement in our classroom.  

Conclusions 
 
Student perception of online learning as replacement for the traditional gross anatomy laboratory 

was surprisingly positive. Most students agreed that as a visual learning resource, it provided 

valuable perspectives, improved understanding of anatomy and helped with the application of 

anatomical knowledge. Equally so, they strongly agreed that the online 2D learning experience 

was less engaging and interesting than learning in 3D using cadavers. 

 

We believe that the future delivery of classes could be altered to encompass and include greater 

use of the online platforms, but the student experience of the human cadaveric specimens are 

essential to the teaching and learning of this subject. 

 

Limitations and future directions 
 

One limitation of this study is its small sample size. It would be useful to see if the conclusions 

remain the same had the sample size been larger. The assessment procedure used is also an 

important limitation in the delivery context. Moving away from in-person paper-based 

assessment to the online environment, with limitations placed on invigilation and increased 

difficulty by students to respond with labelling by computer keyboard, makes comparison 

between cohorts difficult.  However, as results were similar across 2019 and 2020, this would 

indicate that perhaps the blended design itself contributes towards student active learning. 

 

A further significant limitation is that the students providing the feedback have no other point 

of comparative reference other than the experience they were currently in. It would be 

interesting to follow this group of students and compare their experience once they are able to 

return to the anatomy laboratory. In addition, a further limitation is that our focus was on young 

adults with low prior knowledge. It would be useful to examine how these principles apply to 

other age groups and types of learners, and those who are less technologically competent. Also, 

although our focus was on laboratory-based lessons in STEM domains, it would be useful to 

determine how the principles apply in other discipline domains.  
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