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Did the Rapid Transition to Online Learning 
in Response to COVID-19 Impact Students’ 
Cognitive Load and Performance in Veterinary 
Anatomy?

Karina Jones ■ Dan J. Miller ■ Prisca Noble

ABSTRACT
COVID-19 safety required rapid transitions to online learning across education. This posed unique challenges for veterinary anatomy, which is a 
practical subject. This study compares the cognitive load and academic performance of first- and second-year veterinary students studying anatomy 
in 2019 (pre-COVID-19) and 2020 (post-COVID-19 teaching adjustme nts). Importantly, the core teaching content remained identical for both 
courses in 2019 and 2020 apart from teaching method (in-person vs. online), allowing us to isolate the effects of teaching method on cognitive load 
and academic performance. Cognitive load was measured among first- (n2019 = 105, n2020 = 49) and second-year students (n2019 = 85, n2020 = 42) at 
the end of each teaching semester, using a validated instrument. The instrument measures intrinsic load (IL, study material complexity), extraneous 
load (EL, presentation of material), and germane load (GL, self-perceived learning). t-Tests compared the 2019 and 2020 cohorts with respect to 
both cognitive load and academic performance. The results indicated that 2019 and 2020 cohorts did not differ on IL or EL in either the first- or 
second-year subject. However, among both first- and second-year students, the 2020 cohort reported significantly less GL compared to the 2019 
cohort. Additionally, the first-year 2020 cohort performed at a significantly lower level than the first-year 2019 cohort. No significant difference in 
performances was reported between second-year cohorts. Therefore, despite being less inclined to perceive that online course activities enhanced 
their understanding of anatomy, second-year students with previous experience of learning anatomy in an in-person tertiary environment adjusted 
better than first-year students with limited experience.
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INTRODUCTION
Cognitive load can be defined as a multidimensional construct 
representing both the mental load and mental effort imposed 
on the learner’s cognitive system to perform a particular task.1. 
Cognitive load theory (CLT),2–8 assumes that effective learning 
occurs if instructional conditions are aligned with human cog-
nitive architecture. CLT is based on a view of cognition that 
involves a limited capacity and duration working memory, 
interacting with an unlimited capacity long-term memory.9–11

Following an information processing model (Figure 1), new 
information must be processed through working memory for 
learning to occur. Instructional strategies which promote suc-
cessful processing in working memory will enhance learning 
and understanding. Building up knowledge, information will 
be processed in working memory then stored in long-term 
memory in the form of schemas.6,12 Schemas provide a mech-
anism for knowledge organization and storage in long-term 
memory, reducing working memory load. In complement, 
automation is a process that bypasses working memory and 
updates existing schemas after sufficient practice.6,13,14 Auto-
mation plays an important role for schema construction and 
helps to release working memory capacity for the processing 
of additional information. Finally, CLT assumes that working 

memory is more efficient when dealing with familiar concepts 
already stored in long-term memory.

The efficiency of processing information in working mem-
ory is the primary focus of CLT.6 The load placed on working 
memory is affected by the intrinsic complexity of the instruc-
tional materials (intrinsic cognitive load), the organization 
and presentation of the information (extraneous load), and the 
strategy used to create and automate schemas (germane cogni-
tive load). Thus, cognitive load theory differentiates between 
three types of cognitive load: intrinsic, extraneous, and ger-
mane.8 The sum of intrinsic, extraneous, and germane loads is 
equal to the total cognitive load. When the cognitive load asso-
ciated with a task exceeds the learner’s working memory cap-
acity, performance, and learning is impaired.8 Accordingly, the 
design and implementation of activities and representations 
should maximize germane load while minimizing extraneous 
load.16,17

In medical education, the cognitive load on students is 
extremely high because of the advanced concepts and the 
workload.18 Veterinary anatomy is a discipline of the veterin-
ary medicine degree that studies the morphology of domes-
tic species. It is typically taught during the early years of 
the degree. It has a substantial focus on hands-on activities, 
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including considerable dissection classes connecting surgical 
theory and practice.19–21 Veterinary anatomy is perceived as a 
content-heavy discipline22 delivered to students at a time in 
their academic studies associated with increased stress and 
anxiety, and when the demand on their working memory 
resources increases dramatically. Under the lens of cognitive 
load theory, the challenges posed to students learning veterin-
ary anatomy can be better appreciated, highlighting the need 
for approaches that reduce cognitive load without minimizing 
the learning outcomes for students.

Veterinary anatomy was historically taught via a classical 
teaching approach, teaching the discipline without the inclu-
sion of any other related disciplines. An integrated teaching 
approach appears to have started around the 1880s, with the 
School of Veterinary Medicine in Bern combining anatomy, 
histology and embryology.23 Today, integrated teaching occurs 
over the world,24 and both classical and integrated teaching 
coexist in veterinary anatomy. In parallel, the expansion of 
multimedia significantly diversified anatomy education pro-
grams by combining traditional classroom methods with online 
educational digital media, that is readily available to students 
at all times. This combination of methods is often referred to as 
blended learning.25–27 This pedagogy strategy aims to address 
the high cognitive load associated with studying anatomy. In 
the present study, we define blended learning as a combina-
tion of classroom methods with online digital medias but also 
with differentiated learning methods (e.g., flipped classroom, 
problem-based-learning [PBL]).

At James Cook University (JCU), the Bachelor of Veterinary 
Sciences (BVSc) is a 5-year surgical degree. Anatomy is deliv-
ered during the first 2 years of the BVSc. It follows a blended 
and integrated approach that was benchmarked in 2017. Prior 
to 2020, teaching of veterinary anatomy at JCU was diversi-
fied into face-to-face lectures, team-based dissection practicals, 
flipped classrooms, and PBL. All of the teaching documents 
(notes, video-recorded lectures, video-recorded practicals) 
were online, and some formative quizzes were both online 
(embedded quiz videos) and in-person. In response to the 
emergence of the COVID-19 pandemic in 2020, JCU veterinary 
sciences had to rapidly transition their teaching programs to a 
full-time online learning and assessment program. Although 
blended learning activities were still embedded throughout 
the subject, students had to adapt quickly to a markedly dif-
ferent educational experience with a much greater focus on 

online learning. Because of the need for flexibility in these cir-
cumstances, the impact of the changes on education quality 
of content and delivery and the staff and the students’ experi-
ences was not known.

The aim of this study was to determine whether there was 
an impact on student learning with the rapid transition to 
online learning during COVID-19.

This was achieved by comparing the blended-learning 
(2019, pre-COVID-19) and online (2020, COVID-19 emergency 
teaching) cohorts in terms of cognitive load required for anat-
omy learning and the resulting academic performance of these 
students.

MATERIALS AND METHODS

Veterinary Anatomy Curriculum
At JCU, comparative veterinary anatomy is taught during two 
consecutive semesters in first-year Semester 2 (between end-of-
July and mid-December) and second-year Semester 1 (between 
end-of-February and mid-July). Each semester has a total of 
13-weeks teaching, a 1-week mid-semester break, a 1-week 
study period, a 2-weeks final exam period, and 1-week supple-
mentary exam period.

Table 1 presents the anatomy program of first-year semes-
ter 2 and second-year semester 1 subjects. It highlights their 
corresponding teaching delivery modes (Lecture, Practical, 
Flipped Class, or PBL) and the major teaching changes in 2020 
due to the rapid transition to online learning during COVID-
19. It must be noted that COVID-19 pandemic emergency 
was declared in March 2020. Therefore, the first 3-weeks of 
teaching in second-year semester 1 were the same in 2020 as 
in 2019. As COVID-19 pandemic emergency lockdown was 
declared, anatomy staff was urged to immediately reconsider 
their teaching mode delivery. Indeed, the mid-semester break 
was brought forward by 1 week for faculty members to set up 
their new teaching plans. Note that prior to the pandemic, the 
JCU anatomy team had already developed numerous digital 
tools that were used for teaching. As such, our main focus was 
seeking the most optimal teaching delivery method, rather 
than the digital media production itself. Live streaming was 
preferred to pre-recorded video because it allowed students 
to have real-time conversations with the teaching team dur-
ing the session. Therefore, while students were locked down 
at home, anatomy staff opted for a fully online live streaming 

Environment
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Memory
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Encoding

Retrieval
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Figure 1: Information processing model. Modified from Atkinson and Shiffrin.15
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of the program. Anatomy staff were granted “essential faculty 
member” status and were therefore authorized to access the 
locked down veterinary sciences campus to live stream all the 
practicals following the original timetable. Lectures, Flipped 
Classes, and PBL were also live streamed from the anatomy 
staff at home or office. In 2020 semester 2, lockdown condi-
tions were somewhat relaxed and as such, first-year students 
were able to attend 8 hours of practicals on campus spread 
throughout the 13-weeks teaching period. The other 23 hours 
practicals, all the Lectures, Flipped Classes, and PBL were still 
online.

Note that the anatomy staff teaching first and second year 
classes in 2019 and 2020 remained the same and were very 

knowledgeable about digital educational technologies. Thus, it 
was assumed that there was no differentiated teaching quality 
due to instructor changes during the study.

Study Design
This study utilized a modified version of the 10-item Cognitive 
Load Inventory (CLI-10),28 which is a validated psychometric 
tool that measures cognitive load. Items on this scale were 
modified to be specific to the learning of anatomy. This modi-
fied version of the scale has been psychometrically validated 
for use with preclinical veterinary students.29 Like the CLI-10, 
this modified scale (Table 2) has 3, 3, and 4 items measuring 
Intrinsic Load (IL), Extraneous Load (EL), and Germane Load 

Table 1: Veterinary anatomy curriculum across year-1 semester 2 and year-2 semester 1 subjects at JCU and changes applied in 2020 due to 
the rapid transition to online learning during COVID-19

Student year 
level (semester)

Anatomy teaching 
blocks 2019 teaching

2020 teaching (changes in comparison to 2019 teaching 
are in bolt).

First year 
(semester 2)

Locomotor (5) L live in person (theatre).
(9) FC live in person (theatre) using pre-
recorded video followed by Question/Answer 
session.
(4) L live in person (theatre) drawing and 
quizzing on white board.
(31) P live in person (laboratory) with 
(9) pre-recorded video available.
(3) PBL live in person (theatre).

(5) L live online and videorecorded.
(9) FC live online using pre-recorded video followed by 
Question/Answer session.
(4) L live online drawing and quizzing on black board 
collaborate.
(23) P live online and videorecorded with 
(9) pre-recorded video available.
(8) P live in person (laboratory)
(3) PBL live online.

Nervous (5) L live in person (theatre) (pre-recorded 
video available).
(6) P live in person (laboratory).
(3) PBL live in person (theatre).

(5) L live online (pre-recorded video available).
(6) P live online and videorecorded (pre-recorded 
video available).
(3) PBL live online.

Revisions (3) P live in person (laboratory). (2) P live online.

Second year 
(semester 1)

Respiratory (2) L live in person (theatre) (pre-recorded 
video available).
(9) P live in person (laboratory) (pre-
recorded video available).
(1) PBL live in person (theatre).

(2) L live in person (theatre) (pre-recorded video 
available).
(9) P live in person (laboratory) (pre-recorded video 
available).
(1) PBL live online.

Circulatory (5) L live in person (theatre) (pre-recorded 
video available).
(6) P live in person (laboratory) (pre-
recorded video available).
(1) PBL live in person (theatre).

(5) L live online (pre-recorded video available).
(6) P live online and videorecorded (pre-recorded 
video available).
(1) PBL live online.

Digestive (4) L live in person (theatre) (pre-recorded 
video available).
(6) P live in person (laboratory) (pre-
recorded video available).
(6) P live in person (laboratory).
(1) PBL live in person (theatre).

(4) L live online (pre-recorded video available).
(6) P live online and videorecorded (pre-recorded 
video available).
(6) P Live online and videorecorded (pre-recorded 
video available).
(1) PBL live online.

Urogenital (4) L live in person (theatre) (pre-recorded 
video available).
(6) P live in person (laboratory).
(1) PBL live in person (theatre).

(4) L live online (pre-recorded video available).
(6) P live online and videorecorded (pre-recorded 
video available).
(1) PBL live online.

Revisions (3) P live in person (laboratory) (2) P live online

The number in bracket (number) is for teaching hours; P is for Practical; L is for Lecture; FC for Flipped Class; PBL is for Problem-Based-
Learning. Changes in the curriculum between 2019 (blended teaching) and 2020 (COVID emergency teaching) are in bold.
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(GL). All items are on the 11-point Likert-type format. IL is the 
Cognitive load imposed as a result of the natural complexity 
of the material being studied. More complex material results 
in a higher IL. EL is the cognitive load resulting from the way 
material is organized and presented. Suboptimal instruction 
results in greater EL. Finally, GL is the cognitive resources 
the learner has to apply to the material in order to create and 
automate schemas. Some authors30 refer to this as a measure of 
“self-perceived learning.” Lower self-perceived understanding 
results in lower GL (Figure 2). Participants were also presented 
with a series of demographic questions, including participant 
age, gender, university entry score, home state and/or coun-
try, first-in-family status (whether they were the first in their 
immediate family to attend university), and primary language 
spoken at home.

The CLI-10 tool was administered in this study to query 
veterinary students about their understanding and percep-
tions of the difficulty of their course material on the teaching 
blocks across the IL, EL, and GL subscales. That is, first-year 
students were presented with the modified CLI-10 twice, once 
in relation to the locomotor content and once for the nervous 
anatomy content. Second-year students were presented with 
the modified CLI-10 four times, once for the respiratory con-
tent, circulatory content, digestive content, and urogenital 
content.

In addition to the cognitive load investigation, final exam 
performance data for the first- and second-year student cohorts 
was also investigated in 2019 (before COVID-19) and 2020 (dur-
ing COVID-19 teaching adjustments). The final theory exam 

was chosen as, unlike other forms of final assessment in the 
course (Table 3), these exams were similar, both being online 
and equivalent in content. This data was obtained, with con-
sent by participants, through the Academic Service of the Col-
lege of Public Health, Medical and Veterinary Sciences. This 
study was approved by the James Cook University Human 
Research Ethics Committee (H7558).

Participant Recruitment
At the end of each teaching semester, during the last practical, 
students were invited to take a survey on each teaching block 
that they have studied during the corresponding semester. 
One week prior to delivering the CLI-10, students were pro-
vided details of the study through an announcement during 
one of their scheduled classes, accompanied by a participant 
information sheet. Students were assured that participation 
was voluntary and there would be no adverse academic 
repercussions for non-participation. It was also emphasized 
that only staff not associated with their teaching and assess-
ment would be involved in the data collection processes, 
and that the data would be deidentified prior to analysis and 
reporting.

All enrolled veterinary anatomy students in both 2019 and 
2020 were invited to participate (N = 448; see Table 4).

Analysis
This study has investigated two research questions (RQ).

RQ1: Did veterinary anatomy students’ experience greater 
cognitive load during online delivery compared to standard 
delivery (blended learning)?

Table 2: Template of Modified CLI-10 by Miller.29 It has 3, 3, and 4 items measuring Intrinsic Load (IL), Extraneous Load (EL), and Germane 
Load (GL).

Not at all 
the case

Completely 
the case

0 1 2 3 4 5 6 7 8 9 10

  1. �The topics covered in this block were very complex           

  2. �I perceived the clinical applications of the content in this block as very complex.           

  3. �This block covered anatomical concepts and definitions that I perceived as 
very complex.

          

  4. �The instructions and/or explanations in this block were very unclear.           

  5. �The instructions and/or explanations were, in terms of learning, very ineffective.           

  6. �The instructions and/or explanations were full of unclear language           

  7. �This block really enhanced my understanding of the relevance of the material 
to clinical veterinary practice.

          

  8. �This block really enhanced my knowledge and understanding of ___________
functional anatomy.

          

  9. �This block really enhanced my understanding of the topics covered.           

10. �This block really enhanced my understanding of anatomical concepts and 
definitions.

          

The following questions refer to the ______learning block you completed as part of the subject ______ (this includes all lectures, practicals, and 
assessment covered in this block).
Please respond to each of the questions on the provided scale—where 0 means not at all the case and 10 means completely the case—by colouring in 
the circle associated to the most appropriate response.
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Figure 2: Illustration of the cognitive load components: intrinsic Load (IL), extraneous Load (EL), and Germane Load (GL)
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Table 4: Total number of students enrolled in veterinary anatomy 
during 2019 and 2020

Number of students enrolled
First-year 
(Semester 2)

Second-year 
(Semester 1)

Blended-learning cohort (2019) 138 100

Online cohort (2020) 90 120

RQ2: Did veterinary anatomy students’ exhibit poorer per-
formance during online delivery compared to standard deliv-
ery (blended learning)?

Both RQ1 and RQ2 were assessed using the de-identified 
data. t-tests were used to address both RQ1 and RQ2. These 
tests compared the blended-learning (2019, pre-COVID-19) 
and online (2020, COVID-19 emergency teaching) blended 
learning cohorts in terms of cognitive load and performances 
respectively. Finally, the student cohort’s demographics were 
compared using t-tests and chi-square tests.

RESULTS

Response Rate
In 2019, participation in the study was high, with 76% of first-
year blended learning cohort and 85% of second-year blended 
learning cohort opting to participate.

In 2020, participation in the study decreased noticeably, 
with only 54% of first-year online learning cohort and 34% of 
second-year online learning cohorts opting to participate. (See 
Table 5).

Demographics
The first-year cohorts did not differ from each other with 
respect to age, t(150) = −0.55, p = .586, d = −.10, university 
entrance score, t(119) = −0.68, p = .497, d = −.13, gender, χ2 

Table 5: Response rate of invited participants, broken down by 
degree of blended learning and student year level

Response rate of 
first-year students

Response rate of 
second-year students

Blended-learning 
cohort (2019)

76% (n = 105) 85% (n = 85)

Online cohort (2020) 54% (n = 49) 35% (n = 42)

Table 6: Comparison of the demographics by the 2019 and 2020 first-year students. Data from the 2019 and 2020 second-year cohorts are 
also displayed. No significant differences were found.

Student year level Age University entrance score Gender
First in family to attend 
university

First-year t(150) = -0.55
p = .586
d = -.10

t(119) = -0.68
p = .497
d = -.13

χ2 (1, N = 151) = 0.25
p = .618
ϕ = .04

χ2 (1, N = 154) = 1.66
p = .197
ϕ = .10

Second-year t(125) = 0.85
p = .398
d = 0.16

t(93) = 0.61
p = .541
d = .13

χ2 (1, N = 126) = 1.35
p = .245
ϕ = .10

χ2 (1, N = 127) = 0.01
p = .922
ϕ < .01

(1, N = 151) = 0.25, p = .618, ϕ = .04 (non-binary participants 
were excluded from this analysis due to the very small num-
ber of non-binary individuals in this sample), or being first in 
family to attend university, χ2 (1, N = 154) = 1.66, p = .197, 
ϕ = .10. Only one student in either cohort reported being an 
international student, and thus the cohorts were not formally 
compared in terms of this variable. Similar to the first-year stu-
dents, the second-year cohorts were not found to differ from 
each other with respect to age, t(125) = 0.85, p = .398, d = 0.16, 
university entrance score, t(93) = 0.61, p = .541, d = .13, gender, 
χ2 (1, N = 126) = 1.35, p = .245, ϕ = .10, or first-in-family status, 
χ2 (1, N = 127) = 0.01, p = .922, ϕ < .01. Again, only a small num-
ber of students reported being international students (n = 2). 
These results are presented in Table 6.

Cognitive Load
Independent samples t-tests were used to compare the 
blended-learning and online cohorts in terms of the cogni-
tive load associated with each area covered (locomotor and 
nervous anatomy for first-year teaching blocks; respiratory, 
circulatory, digestive, and urogenital anatomy for second-
year teaching blocks). These results are presented in Table 7. 
Cohen’s d values are presented as effect size measures (for ref-
erence it is suggested31 that d values of 0.20, 0.50, and 0.80 can 
be considered to represent small, medium, and large differ-
ences, respectively).

Table 3: End-of-semester examination modes of the first year-semester 2 and second year-semester 1 subjects during 2019 and 2020. Changes 
between 2019 (blended teaching) and 2020 (COVID emergency teaching) are in bold.

Student year level 
(semester)

End-of-semester 
Examinations 2019 exam modes

2020 exam modes (changes in comparison to 
2019)

First year 
(Semester 2)

Final theory exam Written online on campus using a lockdown browser Written online remote using a lockdown browser
Practical Dissection and oral on specimen on campus Written online on specimen pictures

Second year 
(Semester 1)

Final theory exam Written online on campus using a lockdown browser Written online remote using a lockdown browser
Practical Oral on specimen on campus Written online on specimen pictures
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The results in Table 7 indicate that, relative to the blended-
learning (2019) first-year cohort, the online (2020) first-year 
cohort reported significantly less GL for both teaching blocks 
covered (locomotor and nervous anatomy). Both of these dif-
ferences were medium in magnitude. With respect to the 
second-year cohorts, the online learning students reported 
significantly less GL for three of the four teaching blocks (res-
piratory, circulatory, and digestive anatomy) compared to the 
blended-learning cohort. These differences were medium to 
large in magnitude.

Academic Performance
The first-year blended-learning cohort performed signifi-
cantly better on the final exam (M = 69.46, SD = 14.67) than the 
online first-year students (M = 50.45, SD = 17.92), t(145) = 6.92, 
p < .001. This was a large difference (d = 1.22). In contrast, the 

blended-learning second-year cohort performed similarly on 
the final exam (M = 65.26, SD = 16.21) to the online second-year 
cohort (M = 69.82, SD = 14.56), t(124) = −1.53, p = .129, d = −0.29. 
See Table 8.

DISCUSSION

Students’ Self-Perceived Learning and Performances
GL was significantly lower during 2020. This pattern of results 
would suggest that students who experienced emergency 
online instruction (in response to COVID-19) were signifi-
cantly less likely to feel that the course activities enhanced their 
understanding of anatomy. Beyond the cognitive load impacts, 
our results also show that the first-year students who experi-
enced online teaching performed significantly lower than 
those that were not learning exclusively online. We also report 

Table 7: Comparison of the cognitive load experienced by the blended-learning (n = 105) and online (n = 49) cohorts of first-year teach-
ing blocks across the anatomy taught. Data from second-year cohorts are also displayed for the blended-learning (n = 85) and online (n = 42) 
across the anatomy taught to this year level. Significant differences for all cohorts are in bold.

M (SD)

Student year level Anatomy Teaching blocks Cognitive Load Type Blended learning (2019) Online (2020) t p Cohen’s d

First-year Locomotor IL 6.45 (1.77) 6.95 (1.37) −1.72 .088 −0.30

EL 5.16 (2.46) 5.71 (2.32) −1.32 .190 −0.23

GL 7.45 (1.75) 6.73 (1.84) 2.31 .022 0.40

Nervous IL 7.51 (1.90) 7.41 (1.44) 0.32 .748 0.06

EL 5.62 (2.36) 5.69 (2.38) 0.16 .877 0.03

GL 6.93 (2.03) 6.24 (1.71) 2.07 .040 0.36

Second-year Respiratory IL 5.92 (1.86) 5.34 (1.59) 1.72 .089 0.32

EL 3.21 (2.34) 3.41 (2.24) −0.47 .639 −0.09

GL 7.94 (1.38) 7.07 (1.86) 2.70* .009 0.56

Circulatory IL 6.15 (1.86) 5.96 (1.87) 0.54 .589 0.10

EL 3.34 (2.62) 3.76 (2.45) −0.86 .390 −0.16

GL 7.95 (1.30) 6.83 (2.13) 3.12* .003 0.70

Digestive IL 5.82 (2.16) 5.74 (1.95) 0.20 .844 0.04

EL 2.98 (2.71) 3.86 (2.69) −1.68 .095 −0.33

GL 8.20 (1.53) 7.05 (1.91) 3.59 < .001 0.69

Urogenital IL 6.28 (2.04) 5.49 (2.17) 1.96 .052 0.38

EL 3.74 (2.89) 3.19 (2.38) 1.13* .263 0.20

GL 7.58 (1.74) 7.10 (1.84) 1.40 .165 0.27

*Welch’s t-test used to account for violations of the assumption of homogeneity of variance.

Table 8: Comparison of the performances obtained by the blended-learning (n = 105) and online (n = 49) cohorts of first-year subject. Data from 
second-year cohorts are also displayed for the blended-learning (n = 85) and online (n = 42). Significant differences for all cohorts are in bold.

Student year level M (SD) Blended-learning (2019) M (SD) Online (2020) t p Cohen’s d

First-year 69.46 (14.67) 50.45 (17.92) t(145) = 6.92 <.001 1.22

Second-year 65.26 (16.21) 69.82 (14.56) t(124) = -1.527 .129 −0.29
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no significant difference in performances between the blended-
learning and online second-year students. This indicates that 
more experienced students with previous experience of learn-
ing anatomy in the in-person tertiary environment adjusted 
better during the online learning than first-year students with 
limited in-person university experience (despite both year lev-
els perceiving themselves to have learnt less during COVID-
19 adjustments). A huge range of challenges associated with 
online learning may have contributed to these results, and 
these factors must be overcome if high-quality online teach-
ing of veterinary anatomy is to continue in the peri-pandemic 
world.

The reduced academic performance of the first-year stu-
dents who experienced online learning is consistent with other 
studies on online anatomy teaching. A 2020 survey32 admin-
istered to 1392 veterinary students from 92 countries during 
the COVID-19 pandemic reported that the majority of veterin-
ary student respondents (96.7%) perceived that their academic 
performance had been negatively affected by online learn-
ing. Almost half (47.5%) of participants were greatly affected, 
19.9% were considerably affected, 23.3% were moderately 
affected, and 6% were slightly affected. A US pilot study33 on 
the influence of the shift from face-to-face to online anatomy 
delivery supports such findings. Data from summative, in-per-
son exams from 2005 to 2020 were analyzed by comparing stu-
dents’ performance on the same questions administered across 
multiple years. That study found that 2020 students performed 
significantly worse in all anatomy regions than previous years 
(p < 0.00001), due to the shift to online anatomy delivery. This 
is similar to the pattern reported in the present study, wherein 
the academic performance of first-year students who experi-
enced the rapid transition to online learning was considerably 
lower than those of the previous year.

Also consistent with other studies, our results suggest 
that previous tertiary experience of veterinary anatomy may 
ease the transition to an online learning environment. The 
lack of significant difference in performances between the 
blended-learning and online second-year students reported 
here indicates that the more experienced students with 
previous experience of learning anatomy in the in-person 
tertiary environment adjusted better during the online learn-
ing adjustment than first-year students with no university 
experience (despite students’ perceptions of their own learn-
ing being to the contrary). Indeed, a 2022 survey,34 which 
analyzed students’ perspectives and attitudes regarding the 
sudden shift of veterinary anatomy teaching mode during 
the COVID-19 pandemic, found that second-year students 
reported a significantly higher rate of understanding than 
first-year students. These second-year students also showed 
a higher rate of satisfaction with the provided learning 
materials, significantly higher comfortability rate regarding 
technological skills, and significantly higher rate of interest 
in studying anatomy online. From these findings the auth-
ors explained that senior students who were more familiar 
with anatomical and medical terminologies coped better with 
the change to online in comparison to first-year students. 
Moreover, these senior students also had prior experience on 
campus and with cadavers that allowed them to develop a 
baseline understanding that first-year students had not yet 
gained. Finally senior students were already familiar with 
the teaching staff and their peers as an established network 
support. Extending beyond veterinary species, similar drops 
in academic performance of COVID-19 affected cohorts were 

reported in human anatomy students in Taiwan.35 Another 
study,36 surveying 1068 undergraduate medical and nursing 
students analyzing their satisfaction level regarding distant 
preclinical and clinical teaching amidst COVID-19 across 
India, showed similar results with first-year students signifi-
cantly dissatisfied compared with other senior students. All 
these considerations may explain why the performances of 
the second-year students in our study did not drop after a 
major shift to online learning.

Although the rapid transition to online learning was a 
necessary adjustment to the pandemic, there where bene-
fits and drawbacks to doing so. According to the Australian 
TEQSA (Tertiary Education Quality and Standards Agency) 
report on student experience of online learning in Australia 
higher education report across 118 tertiary education provid-
ers during COVID-19 pandemic,37 there were some advantages 
of online learning. This included flexibility of classes, capacity 
for students to manage their own time better than in face-to-
face environments, and opportunity to self-study. However, 
there were also a several challenges that may have contributed 
to the results reported in the present study. These include lack 
of engagement and interaction, subject matter issues, access to 
services, assessment type and arrangements, IT problems, stu-
dent welfare, and wellbeing.

“Hands on” Experience
The results of this study may be further explained by the prac-
tical nature of anatomy which makes it more difficult to deliver 
completely online. Half of anatomy teaching corresponds to 
dissection classes. Very specifically, veterinary anatomy aims 
to develop skills such as dissection instrument handling and 
dissection approaches. It also deals with the appreciation of 
the size, orientation, and texture of anatomical structures. All 
these face-to-face, hands-on teaching activities are difficult to 
substitute by live streaming. The Australian TEQSA report37 
highlighted that there was significant reporting of issues asso-
ciated with online learning for particular disciplines. The main 
areas where it was considered that the breadth of exposure 
to particular professional skills and practice was inferior in 
comparison to face-to-face class included science practicals, 
which require laboratory spaces that are not easy to simulate 
in a virtual environment. Moreover, a 2020 study32 reported the 
mean evaluation score as being lower for practical components 
of online veterinary education in comparison to overall; on a 
10-point Likert scale survey, online veterinary education in 
general was scored higher (5.1 ± 2.4) while practical compon-
ents scored lower (only 3.6 ± 2.6). Participant’s responses to 
the common problems with online learning of veterinary sci-
ences highlighted a “lack of online information about certain 
subjects, such as veterinary anatomy” and that it was “hard to 
teach the practical lessons of clinical subjects in online basis.” 
Finally, a 2022 study38 that surveyed 961 veterinary students 
across 87 countries and 6 continents during the COVID-19 
pandemic found that 52.76% of students believed that online 
learning of anatomy was acceptable for theory, but only about 
8.74% of students believe that online learning of anatomy was 
suitable for practical parts. Together, these reports highlight 
that student perceive that a complete online delivery of anat-
omy negatively impacts their ability to understand the prac-
tical aspects of anatomy. This sentiment is consistent with our 
results, wherein the online learning cohort were significantly 
less likely to feel that the course activities enhanced their 
understanding of anatomy.
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Quality of Assessment
In response to the pandemic, the nature of the assessment tasks 
were often altered from those used in on-campus learning to 
remote examinations.37. Other interventions, including short-
ening examinations and adjustments to the grading scheme to 
record only pass/fail results, took place. Because assessment 
is so closely related to the attainment of prescribed learning 
outcomes, some of the adjustments made have the potential to 
impact on the quality assurance for both the course and its sub-
jects. Moreover, although electronic proctoring was utilized to 
ensure academic integrity, with less face-to-face contact with 
students, threats to academic integrity and contract cheating 
became a concern.39

Such issues are also true of the assessment in the JCU Veter-
inary Anatomy subjects. Prior to the pandemic, final veterinary 
anatomy assessments were diversified into on-campus online 
final exams, on-campus practical oral exams, and on-campus 
dissection exams. This set up allowed teaching staff to assess 
different forms of knowledge and competency. During the 
COVID-19 pandemic, the lockdown conditions forced most of 
the assessments remote online (Table 2). Interestingly, despite 
the increased concerns surrounding exam integrity, student 
performance on the final theory exam was weaker in 2020 for 
first-year cohort and not significantly different for second-year 
cohort. This may be a further reflection of reduced knowledge 
transfer through the online medium, reduced assessment quality, 
or both. The transition to online assessment certainly impacted 
the information that could be extracted from the exam results. 
Additionally, since competency is intimately linked to practical 
skills, it is a sound assumption that online practical teaching and 
corresponding assessments may not be equivalent to the former 
on-campus versions (dissection exam, oral exam). Thus, it may 
lead to a quality devaluation of both training and assessment.

Non-Verbal Cues
While in-person class discussion requires conversational turn-
taking where eye movements play a central role and hand ges-
tures can support explanation,40,41 these signals are often lost in 
videoconferencing. This can make virtual learning more diffi-
cult than residential learning.42 The lack of real life, social, face-
to-face interactions during online learning may be a factor in 
decreased germane cognitive load and reduced academic per-
formance observed in our results. Moreover, online learning 
may have been even more intense and harder to adapt to for 
students with a visual or hearing impairment. It is estimated 
that 7% of the general population is stereo-blind, which is the 
inability to perceive depth and distance.43 In Australia among 
the 15–50-year-old age group, about 5% are described with 
a hearing loss and 3% with hearing disability.44 The inability 
to handle the specimens, or process auditory information by 
viewing the face of the teaching academic, may have further 
restricted the learning of such students. While we did not spe-
cifically investigate students with visual and hearing impair-
ments, future studies on the impact of online learning would 
benefit from considering this as a factor.

On-Campus Academic Resources
Participants in TEQSA report37 reported that they were unable 
to access the library on their campus due to the lockdown 
conditions in the various states. The issue here was less about 
access to library materials, but more the two major benefits pro-
vided by libraries: being a quiet place to study away from the 
increasingly congested home environment during lockdown; 

and libraries now being key places of student social interaction 
where work is also discussed. This is also true of the main 
library at JCU, in addition to the JCU veterinary museum and 
JCU veterinary study room. All are very popular places for both 
social interactions and study. The lockdowns prevented stu-
dents from accessing required textbooks (not available online) 
from the library, as well as articulated skeletons and anatomical 
models from the JCU veterinary anatomy museum. This may 
have impacted the ability of the students to study, consolidate 
their knowledge, and discuss concepts with their peers.

Student Welfare and Wellbeing
University students from various disciplines and countries 
have consistently reported increased stress and anxiety as a 
result of the COVID-19 pandemic and associated public health 
measures.45–52 The transition to online learning, and associated 
perceived reduction in quality of learning and teaching has 
also been linked with increased anxiety.53,54 This is also true of 
veterinary science students55,56 and should be considered when 
interpreting the results of the present study. At JCU, the major-
ity of our undergraduate veterinary students are domestic (ori-
ginating from all the states and territories of Australia). A small 
portion of the student body are comprised of international stu-
dents. Because of the closure of the interstate borders, students 
from other Australian states and overseas were not able to visit 
their family for more than a year. This would have undoubt-
edly had negative impacts on the mental health of these stu-
dents. Moreover, many JCU students have a part-time job to 
pay their study and accommodation. Cifuentes-Faura et al.57 
reported student employment reductions due to COVID-19, 
and associated stress, in Spain, Oman, Nigeria, and Cambo-
dia. As lockdown conditions were extensive in Australia, stress 
and anxiety may have been more severe in the students who 
depended on their part-time job for income.

Limitations
CL components (IL, EL, and GL) were thought to have varied 
solely due to the pedagogical changes in the mode of instruction 
delivery (blended learning on campus versus online at home). 
However, given the period of global health crisis during which 
the 2020 data were collected (online cohorts), it is reasonable 
to assume that 2020 CL components (IL, EL, GL) could have 
been influenced by additional extraneous factors. The inabil-
ity to isolate instructional changes from underlying life stres-
sors (such as changes to the student environment) should be 
considered a limitation. A second limitation was the difference 
in response rates between the blended learning cohorts and 
online cohorts. Indeed, the reduced sample size of the online 
cohorts should be kept in mind as smaller samples are associ-
ated with reduced statistical power. The cognitive load results 
showed that the blended-learning and online cohorts did not 
significantly differ with respect to IL or EL. However, it is pos-
sible that emergency changes in the mode of teaching delivery 
and learning environment could have had a small effect on EL 
which was not detectable due to power limitations.

CONCLUSIONS
The impact on student learning with the rapid transition to 
online learning during COVID-19 was analyzed through their 
cognitive load required for anatomy learning, and their per-
formances. Our cognitive load results showed that the 2019 
and 2020 cohorts did not significantly differ with respect to IL 
or EL. However, GL was significantly lower in the 2020 cohorts. 
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First-year students in 2020 performed significantly lower than 
the 2019 first-year students. No significant difference in per-
formances was reported among the 2019 and 2020 second-year 
students. These results highlight that following the shift from 
a face-to-face to an online anatomy delivery the academic per-
formance of experienced students were less impacted than 
those who had not previously had face-to-face instruction of 
anatomy and university.

These findings should be taken into consideration when 
major program changes are implemented into veterinary anat-
omy teaching. Practical activities cannot be replaced by online 
teaching without affecting the cognitive load of the students. 
Finally, particular attention should be given to the first-year 
veterinary students. Comparing to more senior students, first-
year students benefit more from on-campus and face-to-face 
anatomy teaching than corresponding online classes.

Future studies should benefit from increasing their sample 
size to improve the power of their test and be able to detect 
even small differences in the IL, EL, and GL. Also, it would be 
relevant to measure students’ stress and anxiety, so that the 
effects of these extraneous variables can be statistically ana-
lyzed alongside CL measurements.
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