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The importance of active-learning, student support, and peer teaching 
networks: A case study from the world’s longest COVID-19 lockdown in 
Melbourne, Australia

Sandra McLarena , Eleanor C. R. Greena , Marion Andersonb and Melanie Finchb* 
aSchool of Geography, Earth and Atmospheric Sciences, University of Melbourne, Melbourne, Australia; bSchool of Earth, Atmosphere and 
Environment, Monash University, Clayton, Australia

ABSTRACT
In the Australian state of Victoria, the city of Melbourne endured the world’s longest number of 
lockdown days, with severe government health orders and travel restrictions in place for extended 
periods of 2020 and 2021. In common with others, we found the provision of field teaching in 
introductory geology, structural geology, and volcanology, and the online replacement of practical 
instruction in petrology and petrography to be the greatest pedagogical challenges. We developed 
and used a range of different virtual field excursions that, given time and travel constraints imposed 
on us, were necessarily “low-tech” and non-immersive. Despite this, our students largely engaged 
enthusiastically with the virtual excursions, met many preexisting learning goals, and gained 
additional skills, particularly in regional-scale geological synthesis. In teaching petrology and 
petrography online, curated resources improved student understanding of some fundamental 
concepts, and it was advantageous that students were all assessed using identical imagery, rather 
than one sample from a non-identical class-set. On the other hand, we found we were less able to 
train students in the advanced skills of thin section interpretation. Assessment changes associated 
with online teaching have resulted in a permanent shift from low-level recall-style assessments to 
instead emphasizing higher-level synthesis and “geological thinking” skills. Our efforts throughout 
the pandemic demonstrated the value of instructor-student engagement and yielded teaching 
resources that have subsequently enhanced our face-to-face teaching and increased flexibility for 
students. Moreover, the COVID-19 pandemic has highlighted the importance of collaborative 
teaching practice and we have increasingly seen the benefits of local and national-scale teaching 
networks for peer support and for resource sharing.

Introduction

Globally, government approaches to managing the COVID-19 
pandemic began in earnest as case numbers accelerated rap-
idly in March 2020. In the Australian state of Victoria, both 
The University of Melbourne and Monash University 
responded to Federal and Victorian Government Health 
orders by pausing teaching from March 24, 2020, and estab-
lishing fully online “virtual campuses” from March 30, 2020. 
This meant that students and staff had just three weeks of 
regular in-person classes in the 2020 undergraduate teaching 
year before pivoting to “emergency remote delivery of teach-
ing.” It was a dramatic, unprecedented transition with <1 
week’s notice for academics to develop and implement new 
approaches to facilitate teaching and learning online (Martin, 
2020). In the Victoria capital of Melbourne, remote learning 
continued throughout most of 2020 and for extended peri-
ods of 2021, with prolonged community lockdowns that 

were accompanied by strict travel restrictions meaning access 
to field sites and teaching materials was seriously compro-
mised. Melbourne endured the world’s longest and, at many 
times, most restrictive lockdowns with community stay-at-
home orders and travel restrictions in place for a total of 
262 days over the period from March 2020 to November 
2021, including 150 days on which government health orders 
limited essential travel to <5 km from home (Vally & 
Bennett, 2021).

With large distances between population centers, as well 
as large numbers of rural and remote communities, Australia 
is ideally suited for distance education and online learning 
(e.g., Latchem, 2018). But before the COVID-19 pandemic, 
remote higher education in Australia remained a highly 
unusual pathway for students. Although a wide range of 
courses was offered to students online—in recent decades 
largely through the Open Universities Australia consor-
tium—online learning accounted for only 1.5% of students 
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in higher education in Australia in 2019 (Australian 
Department of Education statistics—https://www.education.
gov.au/resources/higher-education-statistics). Only the 
University of New England (UNE)—a pioneer of dual-mode 
study in Australia (Latchem, 2018)—offered a Bachelor of 
Science in Geoscience via distance education. But even the 
UNE degree required attendance at intensive residential 
courses at different stages of the degree program and a fully 
remote geoscience major was not available. Both the 
University of Southern Queensland (USQ) and Central 
Queensland University (CQU) offered a selection of online 
geoscience subjects that were largely focused on upskilling 
industry employees rather than providing a geoscience major. 
Like the degree offered at the UNE, the USQ and CQU sub-
jects similarly required some intensive residential components.

Elsewhere—including at The University of Melbourne and 
Monash University—almost all Australian academics had no 
experience preparing or delivering teaching online. Given 
the unprecedented circumstances and the large number of 
academics needing support at the same time, most academ-
ics, including ourselves, had no guidance from educational 
designers or support staff. Instead, we were faced with 
teaching highly practical, field-based subjects using unfamil-
iar online tools, essentially without support. Moreover, unlike 
some disciplines, technology-integrated learning was not 
already particularly well established in Earth sciences teach-
ing, with our subjects relying heavily on practical work using 
physical rock and mineral samples and microscopes, as well 
as field teaching, often in remote locations. At the same 
time as the educational challenge, many staff were also man-
aging caring responsibilities, including elder care, 
home-schooling, and/or child-care, together with the acute—
and later chronic—stresses associated with being isolated 
from family, friends, and colleagues. The rapid pivot, the 
timing of the pandemic with respect to the beginning of  
the teaching year, and the protracted nature and extent of 
the community lockdown meant Melbourne academics faced 
one of the hardest educational challenges in the devel-
oped world.

Our students were in similarly challenging circumstances. 
Before the pandemic, around 40% of students at the 
University of Melbourne and 34% of students at Monash 
University were international (Australian Department of 
Education, 2020). In 2020, in the natural and physical sci-
ences at the University of Melbourne, 34% of students were 
international and at Monash University 18% of students 
were international (Australian Department of Education, 
2020). This percentage can be somewhat lower for students 
in geoscience classes but nonetheless, significant numbers of 
our students either: (1) returned to their home countries 
before widespread border closures, meaning participation in 
online classes was compromised by unfavorable time zones 
and/or internet connectivity issues; or (2) remained in 
Australia, often profoundly isolated from family and broader 
support networks. Both student cohorts faced equally 
impactful challenges to learning throughout the pandemic. 
Our domestic students also faced myriad challenges, includ-
ing (1) internal state border closures that persisted through-
out 2020 and 2021; (2) financial stressors associated with 

the inability to work to support themselves (particularly in 
the hospitality and retail sectors); and (3) a range of chal-
lenging personal situations including a lack of study space, 
internet connectivity and/or computing facilities. University 
staff and students—together with the broader community—
experienced complex and evolving mental health effects 
during the prolonged and repeated community lockdown 
periods (e.g., Butterworth et  al., 2022; Czeisler et  al., 2021) 
with a large number of people reporting higher levels of 
stress and an inability to manage challenges (Currie, 2020; 
Dodd et  al., 2021).

In common with geoscience educators globally, key ped-
agogical challenges for our remote delivery of teaching were 
the sub-disciplines of field and structural geology, and 
petrology and petrography (including both hands-on practi-
cals with rocks and minerals and examination of rocks 
under the microscope)—both topics that students find chal-
lenging to learn and instructors find challenging to teach 
(e.g., King, 2012). In parallel to these pedagogical challenges, 
we were also acutely aware and concerned about student 
engagement and staff and student well-being.

In this commentary, we focus on our experiences devel-
oping and using virtual excursions and teaching petrography 
and petrology, presenting a qualitative discussion of the 
approaches we took, their effectiveness, and the insights they 
provided. We have focused on these areas as they repre-
sented two of our greatest challenges but at the same time 
also produced the most insights into our teaching practice.

Educational researchers have documented and discussed 
the profound differences between online teaching, 
blended-learning and “emergency” remote delivery of teach-
ing, a difference well-known before the COVID-19 pan-
demic (e.g., Alammary et  al., 2014; Bernard et  al., 2004; 
Crawford-Ferre & Wiest, 2012; Simonson et  al., 2011). As 
noted by Hodges et  al. (2020) any evaluation of emergency 
response teaching is complex and simple comparisons of 
previous face-to-face learning with pandemic online teaching 
cannot be appropriate. Without question, the situation for 
Melbourne academics was very much “emergency pandemic 
instruction” that cannot be compared to appropriately 
resourced online teaching programs developed following 
evidence-based-research. This distinction was acknowledged 
by University leadership who, at our institutions, paused for-
mal evaluation of teaching surveys in the 2020–2021 period. 
For these reasons, we have made no attempt to directly 
compare student feedback from online teaching to that 
received in traditional classes in the pre-pandemic period.

Despite the challenges of the pandemic years, key bene-
fits for our students and our teaching practice have been the 
increased flexibility offered by online resources, increased 
participation of a diverse range of students in our geosci-
ence subjects, and improved assessment design (e.g., Bennett 
et  al., 2017). Although at different institutions in the same 
city, we largely tackled the challenges independently, only 
realizing the extent of missed opportunities for collaboration 
in the post-lockdown period. It is imperative that the geo-
science education community effectively capitalize on the 
collective of creative work done developing online teaching 
resources during the COVID-19 pandemic. We recommend 
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a focus on enhanced collaborative teaching communities and 
networks for sharing the range of mature teaching resources 
now available. These resources, developed globally, have the 
potential to support student engagement with geoscience 
more broadly, open our discipline to students with diverse 
learning and accessibility needs, and improve teaching qual-
ity for in-person, online, and hybrid teaching programs.

Virtual field excursions

As noted by Waldron et  al. (2016), Earth science is unique 
among scientific sub-disciplines for its dependence on field 
data for many aspects of geological problem-solving. In geol-
ogy, field studies are known to be significant in fostering the 
development of spatial cognition skills (e.g., Orion et  al., 
1997), spatio-temporal relationships, and geological reason-
ing (e.g., Dolphin et  al., 2019; Elkins & Elkins, 2007; 
Hannula, 2019). Undergraduate fieldwork is an excellent 
example of fully immersive (e.g., Mogk & Goodwin, 2012; 
Petcovic et  al., 2014), “authentic” work-integrated learning 
(e.g., Viskupic et  al., 2021). Moreover, in addition to disci-
plinary skills, fieldwork also provides students with opportu-
nities to gain transferable skills in problem-solving, 
decision-making, leadership, and teamwork (e.g., Nyarko & 
Petcovic, 2023; Peasland et  al., 2019). However, despite the 
documented benefits of field teaching, many students and 
instructors perceive field studies to be inherently exclusion-
ary (e.g., Guillaume et  al., 2023).

In Australia, every undergraduate Bachelor of Science 
geology program includes fieldwork at Levels 2 and 3 (and 
often also at Level 1) and a field course is a capstone option 
in all geology majors. Remote delivery of teaching during 
the Melbourne lockdowns meant that traditional undergrad-
uate field work was not possible in 2020 and for much of 
2021. In common with many Earth science educators glob-
ally (e.g., Peace et  al., 2021; Rotzien et  al., 2021) the provi-
sion of a field experience during the pandemic was an 
important focus for us. Moreover, given that positive experi-
ences on field excursions are often instrumental in students 
choosing to major in Earth science (e.g., Hoyer & Hastie, 
2023; LaDue & Pacheco, 2013; Manner, 1995), overriding 
aims of our approaches to virtual excursion delivery were 
student engagement and enjoyment.

Technologies such as gigapan photography, panosphere 
photography, virtual reality, and/or augmented reality have 
seen rapid development over the past decade, and explora-
tion of their potential use in geoscience teaching was under-
way before the COVID-19 pandemic (e.g., Benson, 2010; 
Bursztyn et  al., 2017; Dolphin et  al., 2019; Friess et  al., 2016; 
Klippel et  al., 2019; Stainfield et  al., 2000). However efforts 
to develop virtual field experiences necessarily increased sig-
nificantly as the pandemic began, and there is an increas-
ingly rich literature on these approaches (e.g., Alías et  al., 
2023; Fleming, 2022; Gregory et  al., 2022; Horota et  al., 
2023; Rader et  al., 2021). The merits of virtual excursions 
have been evaluated by a range of authors, and although a 
range of advantages and disadvantages have been identified, 
there is mixed evidence for the effectiveness of virtual field 
experiences on student learning (e.g., Ruberto et  al., 2023).

Notably, the severe travel restrictions in force in 
Melbourne meant that it was not even possible for us to 
visit field sites to take photos or record videos, let alone the 
specialized imagery required for digital outcrop models or 
immersive technologies. This, together with the urgent, 
immediate need for replacement excursions in 2020 meant 
that we were only able to develop “low-tech” virtual excur-
sions using preexisting photos and videos, together with 
publicly available imagery, such as that available on Google 
Earth Pro. In this way, our “virtual excursions” differed 
markedly from immersive virtual excursions described by 
others (e.g., Guillaume et  al., 2023; Harknett et  al., 2022; 
Peace et  al., 2021; Ruberto et  al., 2023).

Level 1 introductory geology and physical geography

In Australia, very few primary or secondary schools teach 
Earth science, and this is particularly the case for schools in 
Victoria. Consequently, students who take first-year geosci-
ence subjects often have very limited prior knowledge, and 
many take introductory Earth science without the intention 
to complete a geoscience major. Both Monash University 
and the University of Melbourne include field teaching at 
Level 1, in part to provide a memorable integrated learning 
experience that encourages students to continue in the dis-
cipline. At Monash University, introductory geology and 
physical geography students (subject code EAE1022) nor-
mally attend a two-day residential camp. This camp was 
replaced by the “Staycation” report designed to connect the 
three themes of the subject (Earth, Atmosphere, and 
Environment) and to replicate many of the skills learned on 
the field trip, but which could be undertaken at any loca-
tion, including within the confines of a house or apartment 
for those who were in mandatory isolation. Together the 
three tasks were designed to develop most of the skills stu-
dents would have learned on the in-person trip with learn-
ing outcomes focused on field observations, note-taking, 
data collection and analysis, and report writing.

For the Earth theme, students were asked to find, pho-
tograph, describe, and name (using the methods learned 
in the lectures including a first-order igneous, sedimen-
tary, or metamorphic description and classification) “a 
rock” available to them in their current circumstances. 
Students were also asked to describe “the journey” of their 
rock from where it formed to where it was found. The 
definition of “rock” was purposefully broadened to include 
minerals (including gems in jewelry), and items derived 
from or obtained from rocks (e.g., glass or metals), and 
creativity in the description of the journey was encour-
aged. The atmosphere theme task required students to 
keep a weather journal for 7 consecutive days and report 
their observations in comparison to both online synoptic 
charts and the expected weather for the time of year at 
their location. The environment theme task required stu-
dents to research their local climate zone, soil properties, 
and typical annual weather data, and then observe and 
map different plant groups within a 5 km radius of their 
location. Observations of past local environments using 
archived satellite image data provided a historical 
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perspective that students synthesized with their own 
observations and location-specific climate change forecasts 
to summarize the current and future state of their local 
built and vegetated environment.

Level 2 and level 3 structural geology

Students at the University of Melbourne attend a two-day 
field excursion early in Level 2 (as part of the subject 
GEOL20002) and a week-long field trip at the beginning of 
Level 3 (as part of the subject GEOL30002). The Level 2 
excursion visits localities characterized by spectacular defor-
mation structures in Paleozoic rocks as well as a range of 
rock types exhibiting different contact relationships. Aided by 
the availability of a series of narrated short videos fortuitously 
collected before the pandemic, the virtual excursion in 2020 
attempted to replicate almost all of the intended learning out-
comes of the in-person excursion. The Level 3 structural geol-
ogy excursion was historically taught as a week-long regional 
trip visiting a range of locations in Eastern Victoria, including 
a two-and-a-half-day detailed mapping exercise at one loca-
tion. The trip changed several years before the pandemic with 
regional locations replaced by a longer, more detailed field 
mapping exercise at the same single location. Given this focus, 
the virtual excursion did not attempt to replicate the in-person 
field trip, and components of the original regional excursion 
were re-introduced and combined with simplified synthetic 
mapping exercises designed to teach key mapping skills. 
Learning outcomes were focused on the regional synthesis of 
complex geology.

The virtual field excursions for both subjects were hosted 
using the Thinglink platform (www.thinglink.com) which 
allowed a range of still photographs, videos, and online 
resources to be linked to a Google Earth base map (Figure 1) 
to provide the regional context for the work. Students were 
provided with a detailed workbook that provided background 
information linked to lecture content, and questions and 
activities to complete at each virtual site. Activities included 
(1) considering field health and safety, including mental health 
on field work; (2) describing different rock types present at 
each locality, estimating their orientation, and interpreting 
their environments of deposition; (3) sketching brittle and 
ductile structural features—including those associated with 
polydeformation—to interpret regional stress orientation 
directions during deformation; (4) deducing contact relation-
ships between rock units including sequencing of deforma-
tion, metamorphism and the intrusion of melt products; and 
(5) constructing schematic cross-sections.

Due to timing constraints in 2020, students at both Level 
2 and Level 3 worked independently on their virtual excur-
sions outside scheduled class time. Both excursions were 
able to run in-person in 2021, but in 2022 the Level 3 struc-
tural geology virtual excursion was again used after the 
in-person excursion was abandoned due to positive 
COVID-19 cases. But in this case, students worked through 
the excursion materials together with their instructor during 
a 5-day intensive-style instruction period with consecutive 
dual delivery (face-to-face and online options) all-day classes 
that included directed active-learning on the excursion 

materials (particularly in small groups) as well as additional 
lecture material to clarify key concepts.

Level 2 volcanic landforms and igneous processes

This field excursion takes place within a Level 2 subject on 
igneous petrology and petrography (GEOL20003) at the 
University of Melbourne. The field excursion explores the 
Newer Volcanic Province—a globally significant, dormant, 
intraplate volcanic field—in western Victoria, Australia. 
Before the COVID-19 pandemic, the two-and-a-half day 
excursion introduced students to a range of volcanic land-
forms and lithologies, and key learning outcomes included 
the practise of recording scientific observations as well as 
making geological interpretations based on group discussion 
and problem-solving. Rather than replicate each individual 
component of the in-person field trip, the virtual excursion 
aimed to provide problem-solving challenges equivalent to 
those posed during the in-person trip. Students were pro-
vided with (1) a recorded 2-h lecture on volcanological prin-
ciples; (2) a collection of high-quality images and descriptions 
related to volcanic phenomena, including, but not limited to, 
those that they would have observed on the field excursion; 
(3) a .kmz (Google Earth) file containing a sequence of 
localities, similar to the localities visited on the in-person 
excursion; and (4) a selection of field photographs from the 
localities in the .kmz file.

Figure 2 shows one example of the material provided to 
students. The example was used to investigate the Harman’s 
Valley lava flows showing the emphasis on geological 
problem-solving. During remote teaching, and after complet-
ing a series of similar exercises, students met in small groups 
with the instructor for an online discussion session after 
which they completed a short summative essay evaluating a 
variety of hypotheses, both plausible and implausible, that 
might explain the existence of the enigmatic Newer Volcanic 
Province as an intraplate volcanic field. The essay question 
assessed students’ understanding of core principles in igne-
ous petrology, and of the Newer Volcanic Province in the 
context of its regional tectonic setting.

Student perspectives

A voluntary survey of students in GEOL20002 and 
GEOL30002 who completed the structural geology virtual 
excursions in 2020 yielded 25 responses from a total enroll-
ment of 39 (Figure 3). Advantages noted by students included 
having more time to study the outcrop photos and not feel-
ing time pressures at any outcrop (Table 1). Being able to 
“visit” and then “re-visit” regional locations were highlighted 
by 21/25 respondents, although this extra opportunity to 
compare outcrops from across a regional terrane was not 
reflected in the students’ self-reported ability to put their 
observations into regional context (Figure 3; Table 1). 
Students also noted that not having to purchase field equip-
ment or pay excursion travel costs—known barriers to field 
trip participation (Giles et al., 2020)—were advantages (19/25 
respondents; Table 1). In response to the question “do you 
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feel confident to undertake in-person fieldwork following the 
virtual excursion,” 9/12 Level 2 students agreed (Figure 3). 
Interestingly, only 7/25 student respondents would have 
liked immersive imagery (such as gigapans or virtual out-
crop models) added to the virtual excursion.

In assessing the disadvantages of the virtual excursion, we 
were not surprised that students highlighted not being able 
to visit outcrops and landscapes and the attendant challenge 
of interpreting geology from 2D photos (Table 2). Students 
also noted the absence of social connections usually devel-
oped on excursions, less staff support, fewer peer-peer learn-
ing opportunities, and the impact of working in isolation 
(Table 2; Figure 4). Similar disadvantages have been reported 
in other studies (e.g., Çaliskan, 2011; Guillaume et  al., 2023). 
Students suggested virtual excursions be released day-by-day 
to replicate an in-person trip (Figure 3) and when the Level 

3 structural geology virtual excursion was again used in 
2022, this approach yielded higher levels of engagement from 
students and more opportunities for the instructor to explic-
itly address conceptual linkages, misconceptions, and knowl-
edge gaps at appropriate points.

End-of-semester University administered (but voluntary and 
informal) student surveys yielded feedback on the Level 1 vir-
tual excursion and the Level 2 volcanic landforms virtual 
excursion (Figure 5). Although students were appreciative  
of the efforts of the instructors in building the virtual excur-
sions, and we observed them to have generally engaged 
thoughtfully with the learning tasks, there was no clear  
consensus on how the virtual excursions were received  
(Figure 5). In comparing feedback across all three levels of our 
teaching, we noticed that generally students at Level 3 were less 
positive about the virtual excursion tasks and attribute this to 

Figure 1. E xamples of materials available to students taking the Level 2 structural geology (GEOL20002) virtual field excursion at the University of Melbourne 
showing Thinglink basemap for one outcrop region with localities (A–E) and corresponding questions provided to students in their excursion workbook.
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their previous in-person field experiences making them aware 
of the profound differences in the approach.

Instructor perspectives

Development and the first use of the virtual excursions 
were extremely challenging, particularly as each of us was 

developing our new resources independently under intense 
time pressure. In 2020, the amount of preparation needed 
meant there was less time for us to work together with stu-
dents on the assignments, and the inability to purpose-collect 
imagery or data meant newer approaches were not available 
to us. Moreover, the amount of additional scaffolding 
required to support students meant that their workload was 

Figure 2. E xamples of materials available to students taking the Level 2 volcanic landforms and igneous processes (GEOL20003) virtual field excursion at the 
University of Melbourne. (a) Waypoints for localities on the Harman’s Valley lava flows and their source, Mt Napier, in the Newer Volcanics Province of western 
Victoria. (b) Photograph of Mt Napier and the Harman’s Valley flows taken from Harman’s Valley Lookout waypoint in (a), with scale and direction to be inferred 
by students. Students were required to sketch the margin of the Harman’s Valley flow series as they interpreted it from Google Earth (the margin is visible, 
unmarked, in Figure 2a), to deduce and demonstrate how the younger flows follow a river valley that cuts through older lavas. (c) View of Mt Napier’s scoria cone 
from Google Earth. (d) Photograph of a tumulus found in the Harman’s Valley lava flows at the waypoint shown in (a). Students characterized the shape of Mt 
Napier to help deduce its origin and investigated a series of sinkhole-like features in the Harman’s Valley based on their geomorphology to evaluate hypotheses 
regarding the nature of tumuli in the lava flow.
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onerous and some students, often working alone outside of 
class times, found the experience dispiriting. We noticed a 
clear contrast between our approach in 2020 and in later 
years where additional support was provided to students 
undertaking the virtual excursions and thus concur with the 
conclusion of Ruberto et  al. (2023) that the inclusion of 
active-learning tools in virtual field teaching is a strong pre-
dictor of success for students and instructors.

Like others (e.g., Bond & Cawood, 2021; Kastens & 
Ishikawa, 2006) we noted that the development of spatial 
cognition skills in non-immersive virtual environments was 
challenging for many students, and observing and interpret-
ing details of the rocks and landscapes in the crucial third 
dimension remained difficult to replicate (Hoyer & Hastie, 
2023; McLaughlin & Bailey, 2023). But training in the cor-
respondence between 2D and 3D structures (e.g., LeClair, 
2003) is an important step in the development of the visu-
alization realm of spatial cognition (e.g., Ormand et  al., 
2017; Vasilyeva & Lourenco, 2012). Thus, still, field images 
in non-immersive virtual excursions may, if appropriately 
scaffolded, have unrealized potential to help students 
develop these critical skills.

Another significant disadvantage of the virtual excursions 
we identified was the profound difficulty in helping students 
to “see” and focus on the important details in the still images 

and videos provided. Even students who had some prior 
field experience were commonly distracted by unimportant 
detail that is, effectively, “unseen” by experienced geologists. 
Although this is always a problem as students learn to make 
observations in the field, it was particularly acute in the vir-
tual environment. Fully immersive VR or panosphere-style 
images have been shown to be effective for higher-level stu-
dents (e.g., Pugsley et  al., 2022) but may not significantly 
improve the outcomes for commencing or less-experienced 
undergraduate students as such imagery can add higher 
fidelity that compounds distraction. The use of these tech-
nologies would need to be carefully scaffolded so that stu-
dents are supported to practice their geological judgment in 
terms of deciding which features are important and relevant. 
In a second iteration of the virtual excursion, additional still 
images were provided as examples of how to “see” key geo-
logical features, but this still did not fully solve this issue.

Despite the disadvantages, across all three levels of our 
degree programs, we observed that some aspects of the field 
work could be replicated by the virtual excursion approach. 
In particular, a key aim of encouraging students to enjoy the 
virtual excursion was largely met (Figure 3). Although we 
did not have the opportunity to rigorously evaluate our 
excursions in a formal way, subject final assessments showed 
that students had understood the content of the excursion 

Figure 3.  Pooled results of an informal student survey of Level 2 and Level 3 structural geology students who took the GEOL20002 and GEOL30002 virtual excur-
sions in 2020. Note that as they had not previously had in-person field experience, only Level 2 students were asked about their level of confidence in approaching 
site fieldwork.
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and were able to relate the field work to the rest of the sub-
ject in similar ways as we observed in the pre-pandemic 
period. Moreover, we noticed no discernible difference in 
field reasoning for students who continued with geology 
subjects in the following years.

Assessment design improvements meant that the virtual 
excursions emphasized higher-level Bloom’s criteria, such as 
synthesis and analysis (Anderson et  al., 2001; Bennett et  al., 
2017). Consequently, we observed students’ regional geolog-
ical syntheses and regional-scale schematic cross-sections to 
be of a higher standard when compared to previous years. 
The potential for virtual excursions to connect student 
learning across a range of scales in this way has also been 
noted by others (e.g., Peace et  al., 2021). Importantly, how-
ever, other skills could not be developed as well and addi-
tional supports were needed for hands-on field skills, such 
as collecting structural measurements, in subsequent classes.

For the University of Melbourne Level 2 volcanic land-
forms excursion, the success of the virtual excursion in 
helping students develop similar skills to those developed 
during the in-person trip has subsequently driven changes 
to the post-lockdown delivery of this course component. In 
2022, an option to choose the virtual rather than the 
in-person excursion was provided, and 9/33 students elected 
to complete the virtual excursion. Reasons included illness, 
caution around COVID-19 exposure, chronic health condi-
tions, and concerns about the physical and environmental 
challenges of in-person field work. For students who attend 
the in-person excursion, the exercises have been modified 
based on successful aspects of the virtual excursion, includ-
ing the use of Google Earth in the field to give students a 
fuller three-dimensional view of the landscape. In this way, 

some of the most interesting elements of the virtual excur-
sion are now blended with the in-person excursion, enhanc-
ing the in-person excursion and allowing all students to be 
assessed in comparable terms. This outcome supports previ-
ous research suggesting an integrated combination of 
in-person field work, virtual field work, and traditional 
teaching and learning activities may optimize outcomes 
opportunities for students (e.g., Friess et al., 2016; Guillaume 
et  al., 2023).

Benefits of virtual excursions

Published literature on virtual field excursions often high-
lights their potential to increase diversity within our student 
cohort, as well as the accessibility of our discipline more 
generally (e.g., Bond & Cawood, 2021). Both are key chal-
lenges given the increasingly important role of trained Earth 
scientists in the solution of global resource and climate chal-
lenges, and the persistent global decline in geoscience stu-
dent enrollments (e.g., Boatright et  al., 2019; Cohen, 2022; 
Keane, 2021). Perceptions that geoscience is dominated by 
white men and that a geoscience career requires high levels 
of physical fitness and long hours of challenging field work 
are persistent barriers to accessibility and diversity in the 
profession (e.g., Atchison et  al., 2019; Atchison & Libarkin, 
2016; Bush & Mattox, 2020; Dutt, 2020) and contribute to 
the crisis of diversity among students taking geoscience sub-
jects (e.g., Dowey et  al., 2021; Giles et  al., 2020; Huntoon & 
Lane, 2007). Indeed, a range of authors has suggested that 
such perceptions may mean students self-select away from 
geoscience (e.g., Bernard & Cooperdock, 2018; Carter et  al., 
2021; Stokes et  al., 2015).

Fieldwork is a particular barrier to racially and ethnically 
diverse groups, neuro-diverse students, students with disabili-
ties, and students from lower-socio-economic groups (e.g., 
Carrera et  al., 2023; Hall et  al., 2004; Marshall & Thatcher, 
2019; Mol & Atchison, 2019). Thus, virtual excursions and/or 
the provision of online pre-fieldwork training modules have 
the potential to promote inclusion in Earth science and to 
increase opportunities for historically excluded groups and 
particularly those who have limited capacity to attend courses 
on campus or to complete fieldwork (e.g., Guillaume et  al., 
2023). Although we have not offered virtual excursions for suf-
ficient time to assess any change in the diversity of our student 
group, student acknowledgment of monetary savings on field 
excursion costs as well as the number of students self-selecting 
our Level 2 volcanic landforms virtual excursion option in 
2022 suggests at least some improvement in inclusion.

Table 1. A dvantages of virtual excursions as reported by level 2 and level 3 
structural geology students at the University of Melbourne in 2020.

Advantages Level 2 Level 3

The ability to “revisit” locations multiple times 10/12 11/13
Savings on field trip costs 7/12 12/13
Flexibility to complete the assignment on my own 

time
10/12 7/13

Not having to travel 5/12 6/13
Interpreting structures from photos in my own 

time, without feeling rushed
6/12 4/13

Working by myself 3/12 2/13
Avoiding the weather and other site-related 

challenges, such as hiking
4/12 2/13

Not missing time from paid work 1/12 1/13
The ability to place observations in a regional 

context
0/12 1/13

Lists were provided in the survey materials and students were asked to select 
all that applied.

Table 2. D isadvantages of virtual excursions as reported by level 2 and level 3 structural geology students at the University of Melbourne in 2020.

Disadvantages Level 2 Level 3

Not having the opportunity to look at the outcrop and landscape in person 12/12 12/13
Approaching the worksheets and questions without staff support 9/12 9/13
Interpreting structures from photos 7/12 11/13
Finding it difficult to place observations in a regional context 7/12 10/13
Absence of social connections usually developed on excursions 10/12 6/13
Feeling isolated and not working with peers 9/12 6/13
Time management 7/12 6/13
Being intimidated by an unfamiliar format 4/12 4/13
Understanding what was expected of me 3/12 5/13

Lists were provided in the survey materials and students were asked to select all that applied.
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We also note that the widespread availability of virtual 
field excursions expands the range of teaching and learning 
activities available to students regardless of geographic loca-
tion. For example, the spectacular rocks studied in the 
University of Melbourne virtual excursions documented above 
are available to our students simply by geological circum-
stance. Many areas of the world do not have such geology 
locally, so students are less likely to learn about these features.

Petrology and petrography teaching

Petrology is a key component of many geology subjects and 
at Levels 2 and 3 of the geology major, many subjects also 
include a component of petrography. In our igneous and 
metamorphic geology subjects in particular, petrology and 

petrography are a high proportion of class time with stu-
dents learning from rock samples and thin sections in every 
practical class. These requirements posed obvious challenges 
for remote delivery of teaching, a challenge in common with 
other geoscience educators globally (e.g., Engel et  al., 2023) 
as well within the biological and medical sciences (e.g., 
Amer & Nemenqani, 2020; Caruso, 2021).

At Monash University, small Level 3 class sizes (<20 
enrollments) meant that rock samples were able to be posted 
directly to students during the lockdown period. For larger 
classes at Level 2, this was not possible so a combination of 
still photos (at a range of magnification) as well as videos 
were made to illustrate each sample (Figure 6). This combi-
nation was necessary for mineral properties, such as cleav-
age, to be correctly observed.

Figure 4. U niversity of Melbourne Level 3 and Level 2 structural geology student responses to the reflective prompt to “draw our class on a virtual excursion,” 
with most responses highlighting the sense of isolation many students felt working through the assignment.
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Figure 6.  Petrology and petrography teaching. (a) At Monash University and at The University of Melbourne, staff took home a microscope with camera attached, 
which enabled live demonstration of the properties of minerals down a microscope during classes; (b) Staff used high-resolution document cameras to demon-
strate minerals and textures in rocks. At Monash University, students were posted the rock samples so they could use the videos to find the features in their own 
samples; (c) Image of the camera feed from the microscope during a synchronous online practical session; (d) Example of thin section images provided to students: 
for each field of view the stage was rotated through 90° with an image taken every 10° in plane polarized light and in cross-polarized light, producing 20 images. 
Here all photomicrographs are in cross-polarized light except the first and last, which are in plane-polarized light; (e) Representative positive student feedback 
from petrography classes; (f ) Representative negative student feedback from petrography classes.

Figure 5. R epresentative student feedback was received on (a) the Level 1 Earth, Atmosphere and Environment virtual excursion at Monash University (subject 
code EAE1022) and (b) the Level 2 volcanic landforms excursion at The University of Melbourne (subject code GEOL20003) in 2020.
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A much greater challenge was that students were not able to 
be supplied with petrographic microscopes for home use. Both 
at the University of Melbourne and Monash University modi-
fied forms of low-tech “virtual microscopes” were utilized. For 
Monash University, a “virtual microscope” was a series of 
plane-polarized and cross-polarized photomicrographs, taken 
every 10° as the microscope stage was rotated through 90°, 
allowing students to self-determine pleochroism, birefringence, 
and angles of extinction (Figure 6). The Macquarie University 
online virtual petrographic microscope (https://imagematrix.
science.mq.edu.au/; Tetley & Daczko, 2014) was also used. This 
platform provides a high-resolution photo of a large thin sec-
tion area and the ability to zoom and rotate the photos, some-
what replicating the experience of manual microscope operation.

At the University of Melbourne, Level 2 igneous and met-
amorphic petrology and petrography were mainly taught 
using photographs and narrated movies, created by the 
instructors, of the hand specimens and thin sections in the 
teaching collection. This imagery was supplemented by the 
Open University’s Virtual Microscope (Whalley et  al., 2011; 
www.virtualmicroscope.org), Frank K. Mazdab’s rockPTX 
resource (www.rockptx.com), Alessandro Da Mommio’s 
exceptional Thin Section library (www.alexstrekeisen.it) and 
SketchFab (www.sketchfab.com). As with the virtual excur-
sion materials, our petrography and petrology resources 
were developed independently at each institution.

Student perspectives

During online teaching, students informally expressed appre-
ciation for the effort involved in creating the online experi-
ence, but overall feedback in end-of-semester student 
evaluations was much less positive than our typical in-person 
petrography classes. Although some students found the vir-
tual environment beneficial to their learning—as they were 
not constrained by timetabled access to rock samples and/or 
microscopes (Figure 6)—many students did not, reporting 
the use of still images and videos frustrating and confusing. 
A significant number of students at both our institutions 
expressed concern about the impact of the virtual learning 
environment on their developing practical skills and worried 
that they would not be able to apply what they had learned 
from images to real specimens on their return to campus.

Instructor perspectives

For many rocks and minerals, the images we took of class 
specimens were in some ways more successful than a phys-
ical specimen, since students could view and discuss them at 
a much larger scale. However, the loss of tactile information, 
such as an impression of density or texture, was significant. 
Moreover, some minerals, such as biotite, were challenging 
even to photograph successfully. A related problem was 
revealed when collecting thin-section imagery with the 
in-built cameras of some microscopes producing an inaccu-
rate and inconsistent impression of color.

A more pernicious problem was that providing images 
and movies produced a curated view of the samples. As with 

field work, in teaching petrography, one of the objectives is 
that students should learn to discern for themselves which 
features: (1) are key to identification; (2) can be used to pro-
vide additional interpretation, and (3) are “noise.” With lim-
ited time for movie editing, and constraints on the movie 
length and download size imposed by online learning man-
agement systems, the movies focused on the important fea-
tures rather than providing an opportunity for students to 
practice making these judgments. As a result, the intended 
learning outcomes of petrography teaching at both our insti-
tutions changed significantly and were focused on questions 
about specific features seen in the thin section movies and 
images, rather than the more advanced skill of writing 
petrographic descriptions.

The challenges of teaching petrology and petrography 
online meant we made a range of assessment changes and 
saw benefits from a more flexible approach to deadlines and 
timing of course delivery. For example, before the pandemic, 
petrology classes at Monash University were assessed by the 
submission of practical materials at the end of each weekly 
class. During remote delivery of teaching, two weeks of 
practical material was combined into one longer practical, 
and students had two weeks to work on the problem set 
before assessment. This did not reduce the overall workload, 
but it did give students additional time between weekly 
classes, reducing stress for students (Figure 6) and staff and 
allowing more time for students to make connections 
between lectures and practical material. We also note that in 
assessing our petrography subjects, online assessment had 
one great advantage over in-person assessment in that all 
students saw the same sample material, rather than each stu-
dent seeing only one sample from a non-identical class set. 
Student self-evaluations were typically more negative than 
the evaluation of the instructors, and we observed that most 
students were able to achieve the modified learning out-
comes and subsequently apply and develop their knowledge 
appropriately in later on-campus classes.

Discussion

As noted by Bernard et  al. (2009), both learning gains and 
student-instructor engagement are favored by high levels of 
student-student, student-instructor, and student-content 
interaction. In the online environment, Martin and Bolliger 
(2018) showed that student-instructor engagement was per-
ceived by students to be the most influential factor in their 
learning. Our experiences during lockdown support this 
suggestion, and the additional time needed for preparation 
of new teaching materials meant we were not able to spend 
as much time with students as we would have liked, partic-
ularly affecting the virtual field excursions as noted above. 
The immersive teaching experience during lockdown has 
prompted us to reengage with the importance of these con-
nections in facilitating learning, regardless of the mode of 
delivery of the subject content. Given that our experience is 
not unique, it is important that University leadership also 
acknowledge the importance of student-instructor connec-
tions and value the time for these to be developed.

https://imagematrix.science.mq.edu.au/
https://imagematrix.science.mq.edu.au/
http://www.virtualmicroscope.org
http://www.rockptx.com
http://www.alexstrekeisen.it
http://www.sketchfab.com
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Perhaps most significantly, our experiences of teaching 
through the COVID-19 pandemic have brought the general 
challenges of Earth science teaching into sharper focus. In 
Australia, Earth science is a very small discipline in terms 
of student and instructor numbers, and is taught across 
dispersed regions without the level of resourcing available 
to educators in more popular disciplines, such as chemistry 
and physics, and biology (e.g., Royal Australian Chemical 
Institute Chemistry Education Division). By coincidence, 
the informal Australasian Universities Geoscience Educators 
Network (AUGEN), first established in 2012, had moved to 
a formal organizational structure just before the pandemic. 
Before the pandemic, the group organized one annual 
meeting, but the ready availability of online meeting tools 
during the pandemic meant the newly established AUGEN 
committee could meet monthly and themed-talks and net-
working events, open to all members, were held every 
2–3 months during 2020 and 2021. These events provided 
collaborative networking opportunities that were otherwise 
unavailable. The distribution of monthly AUGEN newslet-
ters provided further peer support. Building on the momen-
tum that began in the pandemic, AUGEN has continued to 
expand its program of regular events and has recently 
established a platform for sharing teaching materials. Given 
the relatively small Australasian geoscience education com-
munity together with the focus of many universities 
(including our own) on research excellence, collaborative 
peer networks are an important source of support for 
instructors at all levels.

Having reflected on work in the pandemic years, an imper-
ative for our community now should be to capitalize on the 
time already invested and the wealth of research related to 
online teaching globally. The genuine goodwill and collabora-
tive spirit of geoscience educators place our community well 
to move forward and improve many aspects of our offerings. 
Key goals should be: (1) documentation of our approaches to 
online teaching; and (2) development of accessible repositories 
for teaching materials that can be used or adapted by others 
(subject to any copyright requirements of individual universi-
ties where educators work). The benefits of sharing strategies 
and resources are significant and can only enhance the stan-
dard and reach of geoscience teaching everywhere. We note 
the excellent materials available from the National Association 
of Geoscience Teachers (NAGT—https://nagt.org/index.html) 
and new teaching resource-sharing initiatives within AUGEN 
(https://www.augenteam.net/), however, there is potential for 
much more. For virtual excursions, for example, a Google 
Earth style library that allows educators to browse global loca-
tions and to view available imagery and worksheets/assign-
ments should be an aspiration for the global geoscience 
education community. Similarly, global community support 
for open-access virtual petrographic microscope platforms 
would provide significant benefits for instructors and students 
worldwide.

Predictions of profound long-term change to higher edu-
cation following the COVID-19 pandemic (e.g., Arday, 2022; 
Baré et  al., 2021; Eringfeld, 2021) were only partially realized 
at our institutions. From Semester 1, 2023, Monash University 
made a permanent shift to have all lecture content delivered 

asynchronously using prerecorded videos while practical and 
tutorial classes remain in-person on campus. In contrast at 
the same time The University of Melbourne returned to 
pre-pandemic teaching norms, with no online or blended 
learning options for lecture, practical, and tutorial sessions. 
However, regardless of delivery mode, the resources we have 
developed and the insights we have gained from our remote 
teaching experiences have enhanced our individual and col-
lective teaching practice. Our field teaching now embraces 
tools and imagery developed for online learning to provide a 
hybrid active-learning framework for our students. Similarly, 
petrography resources developed for online learning are now 
provided as additional support for revision and review com-
plementing in-person laboratory classes. Our assessment 
practices now emphasize geological synthesis and 
problem-solving skills, rather than simple recall of materials. 
Our observations of the utility of “low-tech” approaches to 
remote delivery of teaching are potentially significant as they 
show that large monetary or technological investments are 
not necessarily needed for effective teaching and learning 
online. In these ways, the COVID-19 pandemic has brought 
about real change as we develop and use new approaches to 
add value to our existing teaching practice. Like others in the 
community, we are optimistic about the benefits these 
approaches and resources will have for improving the diver-
sity of our student cohort and for engagement with Earth 
science more generally.
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