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Like most water education institutions worldwide, hydrology instructors at the University
of Western Australia (UWA) had to rapidly adapt traditional teaching strategies to
manage the COVID-19 pandemic. With diverse student cohorts, including a large fraction
of international students prevented from reaching Australia by travel restrictions, key
requirements from this transition were to create supportive, inclusive online educational
settings, and to maximize student engagement in their courses. Here, we draw on
experiences in four hydrology courses to illustrate how we used a holistic approach
spanning course structure, content delivery, active learning experiences and authentic
assessment to protect these key pedagogical requirements during the transition to
online learning. Some aspects of this approach—for example, creating an online “virtual
watershed” in lieu of field trips—required sophisticated technology to support online
innovation. Other aspects, however, relied primarily on existing features in learning
management systems such as Blackboard and on re-organization of course structure
and communication approaches to support online learning, with minimal need for new
technology or software. The outcomes in these courses as measured by student
engagement, enrolment and self-reported satisfaction were positive, with student
evaluations remaining similar to those of pre-pandemic levels. Previous interest in running
flipped classrooms and familiarity with technology among instructors and students were
helpful in enabling the transition. While content-delivery may remain in an online mode for
hydrology classes at UWA long term, opportunities to re-introduce field work, laboratories
and other face-to-face active learning activities are eagerly awaited by instructors and
students alike.

Keywords: hydrology, education, online, holistic, engagement (involvement), international student, sense of
place, communication

1. INTRODUCTION

The University of Australia (UWA) is located in Perth, a geographically isolated city of
approximately 2 million people on the Indian Ocean Rim (Kennewell and Shaw, 2008). Hydrology
and water management have featured in UWA’s education program since the university was
founded in 1911 (UWA, 2021). Today hydrology remains foundational to programs in civil and
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environmental engineering, environmental science, geography,
earth science and hydrogeology. Whilst the employment drivers
for graduates have changed over the decades, hydrology has
remained critically important to Western Australia and Perth
for a variety of reasons, including the water resource supply and
management consequences of sustained climatic drying (since
approximately 1970, McFarlane et al., 2012; McFarlane, 2016);
the water resource management needs of the mining industry—
which underpins much of Australias economic prosperity, is
substantially headquartered in Perth and which employs many
UWA graduates; issues of secondary salinization which have
shaped land use policy (Elshafei et al., 2015; Callow et al., 2020);
and in the context of conserving the exceptional biodiversity
hotspot of South-West Western Australia (Hopper and Gioia,
2004).

In common with higher education institutions worldwide,
UWA has had to rapidly respond to the lack of mobility of
students and staff brought about by the COVID-19 pandemic
(Marinoni and van’t Land, 2020). Hydrology teaching at UWA
has largely been based on traditional face-to-face lecture and
workshop learning environments, supplemented by laboratories,
computer laboratories and field trips. Although some courses had
begun to offer aspects of the hydrology curriculum online prior
to 2020, in most cases the COVID-19 pandemic required rapid
innovation in hydrology teaching. While transitioning teaching
presented challenges to instructors, it was also timely and aligned
with trends affecting higher education and working practices
in Australia and worldwide. These trends include the rapid
digitization of work (Arntz et al.,, 2020) and the need to limit
long distance travel due to the unfolding climate crisis (Wright,
2021). Together these challenges motivate us to seek new and
effective approaches related to both content and delivery, for
example, encouraging students to explore data-driven aspects of
hydrologic science (e.g., Carey and Gougis, 2017), without losing
the opportunity to learn field skills and all the experiences and
complexities therein.

Here we draw on the experiences from four hydrology courses
taught within separate Masters degree programs (Table1)
to illustrate how we used a holistic approach to transition
our teaching online. Firstly, we present some context about

TABLE 1 | Post-graduate level hydrology courses at UWA discussed in this paper.

Course title Masters degree(s) Focus

Water in a Changing
Climate (GEOS4499)

Hydrogeology and
Environmental Science

Water balance concepts,
non-stationarity, and adapting
to climate change
Hydrogeological
Systems (GEOS4401)

Hydrogeology, Geoscience, Water storage and flow in
Environmental Science, groundwater systems
Professional Engineering
Catchment and River  Environmental Science and Hillslope and catchment
Processes (ENVT4406) Hydrogeology hydrology and
geomorphology
Engineering Hydrology
(ENVE4402)

Professional Engineering ~ Mechanistic flow equations

and design

UWA, including major trends in teaching modality and
student demographics prior to 2020. Next we highlight shared
elements of a pedagogical framework prioritized by all hydrology
instructors at UWA during the transition to online teaching.
Differences in pedagogy and learning aims between courses
and disciplines are also noted. We follow the elements of this
framework to demonstrate how specific teaching strategies that
supported our pedagogical aims were realized as a variety of
online innovations. We support this presentation with an online
repository of teaching material examples (available from: https://
doi.org/10.26182/q642-qp74).

2. INSTITUTIONAL CONTEXT

UWA is a public Australian University: it is self-governing
but operates within legislative requirements established by
the Australian Federal (national) Government. Australian
educational policy is set at state and national levels. Changing
national policy over the past 20 years has achieved a number of
broad outcomes, including (Norton et al., 2016):

e Increases in the total number and the proportion of the
university-aged population engaged in higher education;

e Increases in the proportion of students engaged in remote or
multi-modal (face to face and online) learning;

e Increases in the number and proportion of students who are
“international” (non-Australian or New Zealand residents).

In addition to changes in national policy, these outcomes
also reflect changing technology, demographics of students,
job-market expectations, international competition for full-fee
paying students and Australia’s relatively attractive profile as an
education provider to these students, along with normalization
of online teaching (Bradmore and Smyrnios, 2009; Norton et al.,
2016). Although UWA's student demographics largely followed
the national trends (see Table 2), prior to 2020 UWA was an
outlier in terms of provision of external (off-campus) or multi-
modal enrolments. UWA has encouraged instructors to create
external access to learning materials via universal use of online
Learning Management Systems (LMS, such as Blackboard) and
policies requiring lecture capture and web-hosting since 2010,
with broadened requirements for flexible teaching and learning
in 2018 (University of Western Australia Senate, 2018). Yet as
of 2018, only 3% of domestic students at UWA were enrolled in

TABLE 2 | Context of student numbers, demographics and learning mode,
nationally and at UWA.

Australia UWA
2003 2019 2003 2019
Student numbers (‘000s students) 362 645 5.6 8.3
Proportion enrolled external/multimodal 19% 40% 0% 3%
Proportion international students 28% 37% 21% 25%

Data sources for 2003 sourced from Department of Education Skills and Employment
(2005) and for 2019 from Department of Education Skills and Employment (2020).
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external or multi-modal courses (Department of Education Skills
and Employment, 2020) (Table 2).

Prior to 2012, teaching in hydrology occurred at the
undergraduate level, with a single course teaching into
Environmental Engineering, Geography and Environmental
Science majors, with also an advanced Engineering Hydrology
unit. In 2012 UWA restructured degree programs following the
“Bologna Model” (Zahavi and Friedman, 2019). Degrees were
modernized to include second cycle Masters degree offerings
with a range of water-related specializations. Hydrology-
related teaching emerged as a core component of new Masters
programs in Hydrogeology, Environmental Engineering, and
Environmental Science. The contemporary student cohort in
each of these programs originates from varied backgrounds with
different levels of prior learning, and often pursuing distinct
employment opportunities after graduation. Accordingly, a
range of water-related courses are now offered, each with a
unique focus in their learning objectives (see Table 1). In general,
these Masters programs also attract a larger proportion of
international students compared to the university wide data
shown in Table 2.

3. COVID-19 EXPERIENCE IN WESTERN
AUSTRALIA

Western Australia’s COVID-19 experience has been unusual.
Until March 2022, Western Australia successfully pursued an
“elimination” or “zero-COVID” strategy by severely restricting
travel to the state. Western Australian travel bans were internal
(applying within the state and to other states in Australia)
and operated within a larger set of Australia-wide restrictions
on international travel. Travel that was allowed required a 2-
week mandatory quarantine period before visitors could enter
the Western Australian community. The COVID-19 pandemic
emerged during the long Australian university summer holiday
period. Many international students were thus unable to return
to (or begin study at) UWA due to the travel restrictions.
Many international students present in Australian depend on
local employment to support their income as they study. These
students were not made eligible for financial support associated
with COVID-19 restrictions, and were openly advised by national
leadership to “return home” as the pandemic took hold. Many
students did so. Consequently, supporting the education of
a substantial international student cohort based outside of
the country has been a persistent requirement of pandemic
online teaching.

In spite of the local elimination strategy, public health
restrictions have impacted teaching at UWA. Instruction moved
completely online for 4 months from March to July 2020.
Several short “lockdowns” in February, April, May, and June
2021 also required temporary periods of online instruction.
Online instruction at UWA has now been normalized by the
need to cater for off-shore international student participation,
to rapidly shift between modes of instruction in the case of
lockdowns, and to offer domestic students an opportunity to

select learning modes based on preference, convenience, or
public health grounds.

The use of online instruction to rapidly provide flexible
content delivery, engagement and assessment at UWA thus
parallels experiences in other global educational environments.
Specific local issues arise around the demography of the classes
and the need to prevent pre-existing differences between local
and international students—differences of culture, experience,
language and familiarity with the hydrology and environment in
Western Australia—from being further exacerbated by distance,
time-zone and technology.

4. PEDAGOGICAL APPROACHES
4.1. Teaching Philosophy

The instructors and courses we discuss are connected
thematically by water, and pedagogically by our commitment to
creating a learning culture of engagement, support, inclusion,
and inspiration (Ramsden, 2008). This commitment represents
our common response to the challenges created by the
pandemic and online learning in our classes and underpins our
shared pedagogy. Across our classes, we also share a common
constructivist outlook (Fosnot, 2013). We are all committed to
authentic learning and assessment experiences in our classes
(Cowan, 2004; Stefani, 2008), and to personalized learning that
recognizes the individuation of each student (Itow, 2020). We
all seek to be integrative—in the sense that the courses we teach
are related to other educational experiences within our students’
degree programs. These features have long been highlighted as
important components of online education (e.g., Miranda et al.,
2008; Lalonde, 2011; Itow, 2020).

Differences in disciplinary perspectives and pedagogies
nevertheless emerge across the hydrology courses. For example
geography courses emphasize experiential learning cycles (e.g.,
concrete experience — reflective observation — abstract
conceptualization — active experimentation, Kolb, 1976; Healey
and Jenkins, 2000). Conversely, engineering courses reflect the
engineering competencies defined by Engineers Australia (which
provides accreditation to professional engineering degrees in
Australia, Engineers Australia, 2011) and emphasize connections
between hydrological content knowledge and the engineering
design process (Dowling et al., 2020). Table 3 outlines shared
pedagogical goals across our hydrology teaching, the strategies
we used to achieve these goals and the specific innovations we
used to implement these strategies online.

4.2. Course Organization

As summarized in Table3, we targeted four pedagogical
goals as we developed online courses: to maximize student
engagement, which included making the course material
accessible to employed students; to ensure that theory was
connected to application within the course structure, and
scaffolding learning so that depth and sophistication of the course
content increased across the semester. These goals were largely
achieved by designing the courses around small modules—
an approach sometimes popularized as “chunked learning”
(Martin et al, 2019). We adopted this strategy in all four
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TABLE 3 | A shared pedagogical framework for the four classes discussed in this paper.

Topic Pedagogical goals

Strategy

Online innovation

Course Organization Maximize student engagement

Connect theory & application

Increase depth of learning across course
Accessible to multimodal students

Content Delivery Maximize student engagement

Maximize peer-peer / student-led learning
Facilitates experiential learning
Relation- ships Supportive instructor-student relationship
Positive peer-peer relationships
Inclusive & equitable environment
Develop individuals
Active Learning Experiential learning

Student engagement

Authentic assessment
Growth mindset

Assess across communication modes

Assessment

Modular structure
Learning goals, content & assessment linked

Mix passive/active learning

Consider attention span

Flip classroom

Minimize barriers to learning

Small group instruction

Multimodal communication
Student-student introductions
Engagement with natural environment

Consistency with workplace requirements
Opyportunities for improvement
Multiple assessment formats

Online content presented in short modules
Module order enforced

Allow asynchronous / self paced learning

Short high quality pre-recorded short
lectures

Active learning pauses in lecture

Live workshops

Avoid “hybrid” workshops

Chat rooms

Chat streams, emails, wikis & workshops
Introductions wiki

Virtual catchments

Virtual site visits

Online workbooks replace lab manuals
Guided design reports

Two-attempt assessments

Podcasts, blogs, viogs

For each topic area—spanning course organization through to assessment, pedagogical goals were linked to teaching strategies, with particular online implementation actions.

courses, combining online, self-paced and asynchronous learning
activities with scheduled online active learning sessions. This
structure responded to both the need for flexibility in accessing
learning content across the different student settings in the
classes, and to the need to offer diverse learning experiences in
online settings (Farmer and Ramsdale, 2016). For example, the
Water in a Changing Climate course was split into 8 learning
modules, each with explicit learning objectives. Several short pre-
recorded videos supported content delivery. External resources
were linked to the module to offer context and consolidation. The
module concluded with a formative test for students against the
learning objectives. The progression of module topics represents
a logical development of ideas and complexity, scaffolding
learning across the course. In Water in a Changing Climate, the
first 4 weeks built understanding of hydrologic processes, data
types and data sources. The second half of the course developed
analytical and prediction skills with real-world applications.

Within each course, we staged the student progress across
the modules to assist in conceptual development. This staging
attempted to account for the diversity of graduate entry and
exit points across the set of courses, and non-uniform student
prior learning in areas of earth science and mathematics. Where
students entered courses without a quantitative background,
we provided optional “refresher” modules addressing concepts
such as probability distributions. Exposure to mathematical
concepts was heavily contextualized. For example, statistical
distributions and non-stationarity were taught in the context
of changing rainfall patterns using real data, and differential
equations introduced through concepts of intuitive water balance
exercises and explaining system non-linearities.

The logical structure of the material was supported by
using existing tools in Blackboard allowing for scheduled

or adaptive release of material to students. For example, in
Engineering Hydrology, students needed to successfully complete
a 5 question quiz about the previous module content before
the next learning module’s material could be accessed—thus
tying together formative assessment and self-assessment with
the course structure, and guiding students through a logical
conceptual progression that deepened as the course progressed.
This structure is illustrated in Figure 1.

4.3. Content Delivery

In designing online content delivery, we aimed to support
high student engagement, create opportunities for peer-peer
or student-led learning, and to facilitate experiential rather
than abstracted or passive learning (see Table 3). The major
strategy we used to achieve this goal was to flip our classrooms
(Bishop and Verleger, 2013). Some of the courses operated as
flipped classrooms prior to the pandemic, while others were
conventionally structured. With online learning, we all found a
flipped classroom model was essential. In line with a modular
course structure, we also adopted a modular approach to sharing
lecture material, usually delivered as high quality, short (5-
20 min) pre-recorded lectures which were supplied to students
online through the Echo360 platform.

Videos for content delivery were recorded in a variety of
platforms (via MS Teams, in a purpose-built recording studios
at UWA, via Powerpoint or Echo360). Use of the recording
studio allowed for improved audiovisual quality and the use
of professional editing software. Some fieldtrip content was
filmed once inter-regional travel was possible, using DSLR (with
a tripod and wireless radio microphones to ensure adequate
sound quality) and drone footage, which we then edited into
vignettes using Adobe Premiere Pro. Students were able to access
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3.
Saturated
porous
media flow

2. Control
volumes &
catchments

1. Phases

of water

4. Mass 5. Assessment 1

balance
(unconfined
aquifer)

Guided design:
drainage to lower a
water table

6. 7
Infiltration Evaporation

8. Assessment 2

Guided design:
irrigation scheduling

Midterm

10.
Random
variables

9. Runoff
generation

complement and contrast with the “project-based” assessments.

FIGURE 1 | Modular course structure in Engineering Hydrology. Numbers indicate the week in the semester (12 teaching weeks). Red arrows indicate points where
access to subsequent course content required passing an ungraded quiz on previous content. Access to materials relating to project-based assessments (blue
arrows) was unrestricted. Each course module builds in the previous, culminating in a guided-design assessment. Examination-based additional assessments

12. Assessment 3

Guided design: A rain
garden for parking-lot
stormwater

Final

Groundwater systems are in a state of

“dynamic equilibrium”

Recharge, discharge and storage are

linked in hydrogeological systems.

Changing one will change the
other(s)

FIGURE 2 | Screen-shot of video recording captured in one of UWA's
purpose-built recording studios and deployed to students through the Lecture
Capture system, featuring author SB.

the videos within Blackboard or through a Lecture Capture
software interface linked to Blackboard. Slides were simplified
to maximize student focus on the lecturer’s narration (e.g., see
Figure 2).

Our use of short modularized lecture material was a response
to literature showing that long lecture formats reduce student
engagement in online education (Farmer and Ramsdale, 2016),
and that attention spans often decline within 15 min of a
lecture commencing (Middendorf and Kalish, 1996). The lecture
videos were generally watched outside of scheduled classes,
in line with a flipped classroom model. If lecture recordings

were watched during timetabled online workshops, then breaks
between lecture modules were used to introduce active learning
elements (known to improve student perceptions of teaching,
and learning outcomes, Jones, 2003). For example, students
completed guided-note-taking worksheets, or quizzes on the
video material. Within each learning module the lecture content
was supported by clearly defined learning objectives and key
terms, location-specific applications of theory, external links to
contextual information and a formative quiz to facilitate students
testing their achievement of the learning objectives. An example
of a weekly learning module’s content is provided in Figure 3.
One challenge posed by a diverse student cohort is to move
beyond idealized (“textbook”) depictions of hillslope hydrology
and aquifer processes, with particular reference to the specifics
of “place” around UWA. Students often struggle to link concepts
about processes to the biophysical expression of real landscapes—
particularly Western Australian landscapes which often defy
unstated assumptions about geomorphic or hydrologic processes
as depicted in international texts. Inclusion of WA-specific
content has thus become particularly important as a response
to COVID-19 border closures, and online content delivery
emphasized place- and problem-specific conceptualizations. For
example, the challenge of rising saline watertables in the inland
region of Western Australia (brought about by land clearing), and
the declining fresh watertables in the sandy coastal plain (brought
about by extraction and declining recharge) are commonly
conflated and confused by students. To provide necessary
scaffolding to student learning, we firstly conceptualized sites
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Table of Contents — = &
Clearly defined learning objectives [ Learning Objectives
Key terms that will be covered in online quiz ‘ D Key Terms
[ Lecture 6.1: Environmental modelling background
|-“B Lecture 6.2: Introduction to Catchment Models
B Modelling South-West WA catchments
Pdf of lecture slides for student reference } B Lecture Slides

Lecture recordings on theoretical concepts

Lecture on WA-specific context

Formative quiz for students to check they have [ Formative quiz for Module 6

met learning objectives

FIGURE 3 | Annotated Table of Contents from LMS showing modular delivery
of learning content on the topic of Modeling Hydrologic Systems within the
Water in a Changing Climate course.

and landscapes, then encouraged students to interrogate
the dominant hydrological processes and their interactions,
ultimately emboldening students to move from “questioning
their learning” to “learning to question” (Abrandt Dahlgren and
Oberg, 2001).

4.4. Student Engagement and

Relationships

A major concern we held when moving classes online was
how to build rapport with our students and facilitate the
formation of positive peer-peer relationships in the classes. To
achieve this we strove to create opportunities for interpersonal
communication and engagement within our classes, to use
multiple media to enable such communication to occur, and
to set clear expectations for our class. We used multiple
communication channels in our courses, which meant moving
away from traditional (oral, email) communication media to
more instant and responsive options. Hydrogeology, for example,
moved communication with the lecturer primarily to a chat
function in MS Teams. The use of a phone-based app allowed
the lecturer to be more responsive to students in real time
than was possible via email. We were aware that a consistent
communication style might be particularly valuable for students
using English as a Second or subsequent Language (ESL). Some
courses achieved this consistency through the use of common
templates for syllabi (course outlines), which were rolled out,
for example, across Environmental Science and Geography
classes. Engineering Hydrology used a consistent weekly email
format which identified what material students needed to access
online that week, what quizzes to complete, which assessments
were in progress and their due dates, and any other relevant
material to help students stay on track in the absence of face to
face classes.

Functionality within online teaching and meeting tools
provided further opportunity for student engagement and
rapport building. An Introductions Wiki allowed students
(and teaching staff) to share personal stories prior to the
commencement of the course. The use of “break-out rooms”
within Teams was one successful strategy to encourage
development of peer-peer collegial learning communities,
in which smaller groups worked to solve problems together,
similar to a table of 2-6 students in a traditional classroom

environment. Real-time engagement during workshops
was fostered through collaboration on virtual whiteboards
using the Limnnu software. In Engineering Hydrology where
enrolment was split nearly 50-50 between domestic and
international students, two workshops were offered, one
for each cohort. This allowed students to speak with peers
in their shared languages, and for instructors to provide
additional assistance with language and interpretation in
the “international” workshop, where language skills were a
significant pedagogical issue.

4.5. Active Learning and Skill Development
Active learning experiences form a key attribute of our
pedagogical approach (see Table3). Field and laboratory
experiences, which provide a foundation for conceptual
learning (Dummer et al., 2008; Dunphy and Spellman, 2009),
were particularly impacted by the pandemic. These hands-on
experiences would conventionally provide an opportunity to
learn through the “ODES” framework, presented in Table 4,
which links to the cycles of learning through Observation;
Description; Explanation; and Synthesis. ODES deliberately
embraces Bloom’s taxonomy (Bloom, 1956), by escalating from
observation, through description, to explanation and concluding
in synthesis. To retain this style of learning opportunity online
we provided learners with measured data (substituting for real
world observations) and used these data to guide students
through the ODES framework.

The instructors of Catchment and River Processes constructed
virtual field sites using digital imaging technologies.
These allowed students to perform field-like digital fluvial
geomorphology investigations. Virtual fieldtrip data was
collected using a DJI Mavic 2 Pro drone, (operated under UWA
CASA ReOC licence CASA.ReOC.0628), flown at 75 m AGL and
processed using Agisoft Metashape Professional with workflows
from Callow (Callow et al., 2018) and May (May et al., 2021).
Students visualized the datasets in QGIS, ArcGIS Pro and the
free Agisoft Viewer software. Students were provided with a
high resolution (5cm) orthphotomosaic (Figure 4A), a Digital
Terrain Model (DTM) or bare-earth Digital Elevation Model
(Figure 4B), and a Digital Surface Model (DSM). From these
datasets, students could extract elevation cross sections, view and
map river hydraulic and geomorphic courses, and compute a
Canopy Height Model (CHM, calculated as CHM = DSM-DTM,
Figure 4C) from which ecotones could be inferred. Additionally,
full 3-D models of the virtual catchment allowed students to
3-D manipulate and orientate the scene, and to also explore
profiles (Figure 4D). Learners then used these data in-lieu of
field surveys to construct conceptual models of the system,
processes and outline management issues. All datasets described
above and used in Figure 4, are available from https://doi.org/10.
26182/q642-qp74).

Prior to the remote teaching requirement the Water in
a Changing Climate course engaged students in hands-on
laboratory activities. These illuminated concepts relating to
Darcy’s Law, runoft thresholds and aquifer transport pathways
within “desktop catchments”—desktop-scale physical models
of a sandy hillslope or aquifer cross-section. We replaced
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TABLE 4 | The ODES framework (from a field handbook as given to students for a
field exercise).

Attribute Instruction and learning activity characteristics

Observe Collect data, and look!...what IS there, what does it look like,
what is NOT there (what should be there but is missing).

LOOK AGAIN!!

Describe what you see, what is it made of, what could have
created it [natural or anthropogenic (created by humans)], has
it changed or been stable. Describe this to a partner and
work together. Break apart the system into its individual
components. Start to write some notes or record a sketch of
what is here and what you see.

Describe

Explain Now present your ideas to your peers and add details, and
also justify the “why” of your observations to someone else,
test your descriptions on a peer or your group. Explain the
“what” and “how” you have just seen and described—what is
it, what created it, what processes are changing or modifying
it, how is it changing or resisting being changed. You will likely
need to repeat the first three steps multiple times to refine
your explanation (observe, describe, explain). Add
annotations and further notes to explain more detail about the
features you see.

Synthesize Pull together your observations of the individual components,
description and explanation. Put this information back
together into a summary of (1) what is there, (2) how it works,
and (3) what it means or why it is important. Write some
summarizing notes —start to record why these features are
important, are they changing or resisting change, have they

been manipulated by humans.

Note that the instructions descriptions are modified for various field and laboratory
exercises.

these laboratory sessions with an online workbook of activities
created in R Bookdown. Students were able to complete
many components of these exercises independently, supported
by video vignettes. Student-generated data were compiled in
online worksheets, which formed focal points for discussion
in timetabled workshops. Whilst the activity workbook could
not fully reproduce hands-on experimental learning, time-
lapse videos of the hands-on experiments were included as
vignettes, and supplemented with the online digital tools
or models as appropriate. For example, students used the
ParFlow SandTank model (https://sandtank.hydroframe.org) to
attempt to replicate experimentally generated aquifer flow states
(Figure 5). Guided data analysis was challenging in an online
environment when students were constrained to one screen on
which to consider demonstrations, read notes and undertake
analysis. Providing dedicated time in workshops in which
students could immediately rewatch demonstrations was helpful
in reducing these hardware-related blocks to learning. After each
“chunk” of material in the workshop the recordings were stopped
and a note made in the chat about the topic of that recording so
that students could easily find specific learning content later, and
students could re-watch the demonstration during the workshop
while they attempted the activity themselves.

4.6. Assessment
All courses aimed to create authentic and fair assessment
experiences (see Table 3). These were designed to explicitly

5cm_DTM (m AHD)
wo High 1219.74

S Low - 189.964

#| Tree Height (m)
M <05m

T e
D: 3-D Mesh--__ |
(Agisoft Viewer)

FIGURE 4 | Example of digital field sites constructed from drone
photogrammetry to create various types of digital field data in-lieu of field data
collection, including: (A) A 5 cm high-resolution digital orthophotomosaic of
the field site; (B) A Digital Terrain Model (DTM) or bare-earth Digital Elevation
Model (DEM) of elevation; (C) Canopy Height Model of tree height; (D) 3-D
scene as viewed in Agisoft Viewer.

test the course learning objectives while offering students an
opportunity to produce assessed materials that were consistent
with workplace expectations. Thus, the courses considered
content knowledge while also assessing communication
skills, critical thinking, and competency across different
communication styles. For example Catchment and River
Processes replaced an in-class oral presentation with a 3-min
podcast on a geomorphic or hydrological topic of their choice.
Not only were students enthusiastic about the novelty and
pleasure of this experience, but the set of class podcasts was
then made available as a resource for other students—a distinct
outcome from the transient nature of an in-class oral. The
assessment thus also helped support deeper learning among a
student cohort which was familiar with the broad themes of the
course but had limited specific topical knowledge.

Transparency in assessment was facilitated by publishing
marking rubrics for each assessment, and using the markup tools
(e.g., quicknotes) in Turnitin to provide individual feedback on
written reports. Overall comments on student performance in
particular assessment items were provided using Teams or LMS
announcements. This scaffolded approach to feedback allowed
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efficient individualized feedback delivery, which we have found
to be particularly important when teaching to cohorts of mixed
backgrounds (e.g., domestic vs. international students; with or
without cognate background).

Online assessment opportunities were also able to support
pedagogical goals such as promoting a growth mindset. For
example, administering an examination online with Blackboard’s
inbuilt multiple-choice examination tools speeds grading
enormously. With the flexibility to test and assess multiple
times, Engineering Hydrology adopted a 2-stage midterm
examination approach. Students were able to take the 15
question exam twice in 4 days, and receive a weighted (75-
25%) average of their scores. Almost all students were able to
improve their performance between the two attempts, some
dramatically so—suggestive of the students learning from their
initial struggles.

5. DISCUSSION

5.1. Feedback and Student Experience
Moving hydrology education at UWA online enabled us to
maintain continuity of instruction during a period of profound
disruption to the University and its students. While the rapid
transition required significant time investment from instructors
and is yet to represent a mature and fully developed approach to
course delivery, it also led to distinct benefits and improvements
to student learning outcomes.

Student feedback about all four courses has been generally
positive. Instructors were nominated for excellence in teaching
awards, and, although course evaluations were suspended in
2020, student evaluations of online teaching in 2021 were also
generally positive. Students have expressed appreciation for the
care in course organization and content delivery. International
students in particular highlighted the significant benefits of
pre-recorded lectures. The capacity to pause, re-watch and if
necessary slow down the playback rate of lecture material was
consistently highlighted as a positive that particularly benefits
students whose first language is not English. Once the initial
recording of lecture modules was complete, having pre-recorded
material lowers the workload for course preparation, so that time
could be invested in improving and updating select material and
offering active support to students. As instructors we have had
to be more deliberate in designing our courses, more selective
about the quantity and purpose of the material we include,
and to provide greater effort in communicating weekly work
plans and expectations to students. It is likely that these efforts
addressed areas that may have previously been weak or unstated
in our teaching.

5.2. Enabling Factors

As instructors, our experience in moving classes online was
smoothed by two things: Firstly we were all independently
committed to active learning and flipped classrooms. Our
pedagogies retained elements of classical behaviorist university
instruction (e.g., lectures), but also contained constructivist and
social-constructivist approaches (Ertmer and Newby, 1993), with
student-centered, peer-driven, active learning in all courses. Our

FIGURE 5 | Example of transitioning a hands-on physical aquifer model (A) to
a digital analog based on the ParFlow SandTank (B).

classes were all therefore either flipped or in a transition toward
being flipped—a situation which set us up well to adapt to
online instruction in a flipped mode. Secondly, our expertise
and available technologies were well-suited to solving many
of our online teaching challenges. As instructors, we were all
technologically literate, able to code and to program, and willing
to use available educational technologies. Our students had a
similar profile. From discussions across the whole of UWA, we
understand that this distinguishes our experience from that of
colleagues in less technologically-oriented fields, where neither
instructors nor students were as well-prepared or as well able to
endure the transition online.

As such, we were largely able to create online learning
experiences that delivered on our strategies and pedagogical aims.
Technological challenges were present, perhaps most notably
for international students operating behind firewall-protected
ISPs. These students, while able to use a UWA VPN, sometimes
struggled with access to 3rd party sites and software. Building
collegiality and encouraging interaction in online settings has
sometimes proven difficult, yet is key to ensuring good learning
outcomes. Allocating time and creating activities in breakout
room sessions has been effective in some cases to ensure that
students understand the expectation to use their videos and
actively participate, rather than sitting muted in the background.
Encouraging use of the chat function has also, in some cases,
helped shy students, those lacking in confidence in their English
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skills, or those with weak internet connections, maintain positive
communication with peers and instructors.

5.3. Moving to a Post-COVID Teaching
Model

The nature of the work students do in online learning can offer
strong parallels with the expectations of the workplace. Many
of our students will or already do work in the resources or
development sector, or as government or regulatory officials,
industry proponents or environmental consultants. These sectors
are also pressured—acutely by COVID-19, and in the longer
term by cost, carbon-footprint and safety requirements—to
adopt virtual and remote technologies for site assessment and
collaboration (McNab and Garcia-Vasquez, 2011). Including
desktop-analysis of 3-D reconstructed, digital field sites in the
course was embraced by students as teaching key, workplace
relevant skills. Similarly, familiarity with online and virtual
communication, engagement, team building and project delivery,
all of which were modeled in the online classes, increasingly
represent necessary workplace skills (Balliester and Elsheikhi,
2018; Cook, 2020).

Some learning experiences are and will likely remain
challenging to fully replicate online. Observational field skills
are difficult to teach without being present in the field. Rapport
building and teamwork among students are easier to achieve
online if supplemented by some level of face-to-face interaction,
and can be very hard to achieve in online-only settings where
technology, internet quality and language barriers all “distance”
people from one another (Meluso et al., 2020). Sharing a sense
of place and building intuition about the physical environment
in a novel location is also difficult without the opportunity
for immersive experiences in that environment. Feedback from
students highlights that opportunities for in-person learning are
highly valued, perhaps more so now than before the pandemic.

For this reason, we expect that online teaching will likely
remain in our courses, but that in many cases we will attempt
to enact a blended learning model with some level of face
to face learning retained. Face to face learning experiences
would focus on teaching field skills, fostering environmental
literacy and a sense of place, and on relationship-oriented active
learning experiences where peer-to-peer instruction and student-
led experiences are prioritized.

6. CONCLUSION

With online teaching of hydrology likely to find ongoing
applications at UWA and worldwide, our collective experiences
during the first years of the COVID-19 pandemic highlight some
valuable lessons for others teaching hydrological subjects online.
Our five key take-home messages are summarized in Figure 6
and described below.

e Streamline unit content: Streamlining involves reducing
content to that the core messages and tasks are the clear focus
of the course. Making explicit connections between learning
objectives, content, active learning activities and assessment
helps communicate the logic of the course design to students.

Streamline Unit Content
Chunk and Record Content
Establish a Learning Culture

Structure to Support a Growth
Mind-set

Technology Exists

FIGURE 6 | Five core messages for others considering taking hydrology
content online, based on the UWA experience.

This communication is important, as opportunities to clarify
course objectives and purpose are limited in the absence of face
to face communication.

e Chunk and record content, for student-paced learning:
Small units of content maximize flexibility for students to
access course material at times compatible with diverse
schedules and timezones. Opportunities to re-watch content
enables students to revisit areas of confusion. This has been
particularly valuable for students speaking English as a second
or subsequent language.

e Establish a learning culture: Online modalities can promote
passive learning styles. Student participation needs to be
actively encouraged through use of multiple fora, active online
activities, and, where possible, retention of some face-to-face
engagement that focuses on building trust and rapport.

e Structure opportunities for growth mind-set into
course design: By structuring the course around repeated
activities/assessments with some commonalities, the course
structure can promote continuous improvement and
consolidation. Streamlining course content (as per point 1)
can clarify which activities are likely to offer most value in line
with course objectives.

e The technology exists: Existing tools enabled successful
delivery of learning materials online. Digital analogues
have limitations, but also benefits. For example, synthetic
catchments or systems may span a greater range of conditions
than students can physically visit in the field or simulate in
the lab.

With the experience of moving our courses online now complete,
and with streamlined courses with pre-recorded content and
thoughtful design now in place, the hydrology instructors at
UWA are well-equipped for ongoing multi-modal instruction.
We fully expect that sharing our experiences and learning from
those of other instructors innovating in digital water teaching,
in conjunction with new innovations in technology for online
learning, will produce ongoing improvements in our courses,
their delivery and online student learning outcomes.
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