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Abstract

Traditionally, teaching entomology to undergraduate students has relied upon
conventional laboratory-style practical classes—where students are taught how to
collect, identify and curate specimens, as well as understand the form and function
of key insect groups using unsophisticated but specialised equipment. Entomol-
ogy educators had to promptly adapt their methods of teaching in response to
the COVID-19 pandemic, which forced the online delivery of courses that often
largely relied on face-to-face teaching. This imposed limitations on what could be
effectively taught outside of a lab setting, although in many cases these were miti-
gated through online technology that introduced opportunities to support ento-
mology students. Here, we assess the learning objectives of a range of current
entomology courses taught namely in Australia, Aotearoa New Zealand, the
United States and Europe. We found that practical hands-on skills, such as identifi-
cation and curation, and understanding of insect morphology and diversity, often
taught via lab activities, are common across many courses. Given the perceived
tension between current moves to online educational delivery and these common
practical learning objectives in entomology, we present a series of four activities
that can be taught via online or distance approaches. These exercises can be used
to effectively teach key concepts and skills such as identification, form and func-
tion and ecological research skills related to insects. We also discuss some chal-
lenges and benefits associated with the online delivery of entomology courses,
emphasising a number of equity and accessibility benefits that online approaches
might deliver.
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and ecology of insects, giving students both general
research skills and entomology-specific training. However,

Entomology has long been a cornerstone of biological sci-
ences education (Osborn 1911). Traditionally, in-class gen-
eral entomology courses, particularly the lab components,
were designed to provide students with hands-on experi-
ence observing, identifying, dissecting and curating
insects; these objectives have changed little over the last
100 years (Osborn 1911). Practical research activities in
classes also regularly focus on the behaviour, physiology

the shift towards online education, accelerated by recent
global events, introduces challenges to achieving these
learning objectives through a virtual classroom.

In 2020, teachers and learners across the entire global
educational sector, from primary to tertiary, were thrust
into a dramatic shift. The COVID-19 pandemic forced stu-
dents to learn at home, away from their teachers and
peers, largely in front of a screen (Shim & Lee 2020). At
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the same time, educators had to rapidly adjust their teach-
ing activities, approaches, strategies, assessments and
ways of interacting with and engaging their students—
whether they were first graders or postgraduates (Hebert
et al. 2022; Ramlo 2021). The initial hurdles were those of
delivery—how could they effectively teach these skills
and concepts without face-to-face engagement?

At this time, teachers leaned heavily on the online
technologies that had been successfully employed by
distance education providers for more than a decade
(Kentnor 2015). Online learning platforms and recently
developed video-conferencing tools, such as Zoom and
Microsoft Teams, allowed teachers and students to
engage virtually, but many educators discovered a dra-
matic drop in student engagement (Salta et al. 2022;
Walker & Koralesky 2021), making it clear that the chal-
lenges of teaching online were not simply technological.

The impact and effectiveness of online teaching has
previously been evaluated (e.g., Ozdamli & Karagozlu 2022;
Selvaraj et al. 2021) and has led to more informed
suggestions on how to deliver material online (Sharma &
Saini 2024). However, teachers at the early stages of
the pandemic reported that students had reduced
attendance, participation and willingness to ask
questions compared with in-person courses (Walker &
Koralesky 2021; Wyatt 2021), whether the delivery online
was synchronous or asynchronous. In addition, studies
have reported that the shift to online teaching resulted in
reduced feelings of connection between students and
faculty, and among students and their peers (Hollister
et al. 2022; Marler et al. 2021).

For entomology instructors, as well as for other
teachers of subjects within the natural sciences, there are
additional challenges that are either unique or appear
particularly relevant. The major focus on practical and
‘hands-on’ skills in many natural science disciplines has
meant that teaching those skills online requires major
changes to activities, assessments and expectations of
students (Davis & Pinedo 2021; Delgado, Bhark, &
Donahue 2021; Tripepi 2022). In an emergency teaching
context, such as those associated with the beginning of
the pandemic, practical activities often consisted of stu-
dents watching prerecorded videos, or live-streamed
footage of instructors completing practical tasks, rather
than doing them themselves. This immediate shift to an
online delivery format has been reported as a poor substi-
tute to the face-to-face practical teaching students were
accustomed to (Means & Neisler 2020; Pagoto et al. 2021)
but in an emergency context, at short notice, was the best
or only option available to many teachers. The utility of
online video approaches also depends on the skills that
are considered a primary learning objective of the course.
For example, if students are expected to be proficient in
their usage of a microscope or in running a PCR, watching
someone else do this is unlikely to give them competence
in the skill. However, observing and collecting data on

animal behaviour might be effectively taught using real-
time footage of wild animals.

Most entomology courses include a lab or practical
component as a part of their curriculum because it is con-
sidered crucial for providing hands-on experiences that
allow students to directly observe and work with insect
specimens. These experiences are beneficial for develop-
ing skills in insect taxonomy, morphology, ecology and
physiology. Exercises done in labs can also help students
develop skills such as microscopic examination, specimen
preparation and data collection, which can be difficult to
achieve in lecture-only based courses. Labs may also pro-
vide the opportunity to take students into the field to
directly observe and collect insects, building important
field-based skills, which are associated with positive learn-
ing outcomes and higher order thinking (Dresner
et al. 2014). Lastly, labs and other practical exercises pro-
vide an interactive learning environment that can not
only enhance student understanding and retention of
complex concepts presented in the lectures, but promote
collaborative learning and increased opportunities for
social interactions (Chim et al. 2024).

Here, we summarise historical and current learning
objectives of in-class entomology courses, particularly the
lab components, and discuss how these can be met
through innovative activities that can be done in an
online setting. A number of recent approaches and many
institutions utilise online activities to achieve entomology
learning objectives (Cosme, Turchen, & Guedes 2020;
Mech et al. 2022). By utilising technological advance-
ments and pedagogical strategies, we discuss a number
of activities and provide ways to ensure that entomology
students can attain the same level of understanding and
practical skills in an online format as they would in a tradi-
tional classroom setting.

METHODS

Learning objectives of various undergraduate entomol-
ogy courses were determined by conducting online
searches for ‘undergraduate entomology courses’ and
‘general entomology syllabus’. Each syllabus or course
outline was then evaluated and the learning ‘objectives’
or ‘outcomes’ were compiled and divided into common
themes. We recorded whether the university provided a
more in-depth entomology programme—for example,
offering a minor and/or major in entomology—or was
limited to a standalone general introduction to entomol-
ogy course. This allowed us to understand how common-
place it was to have an insect collection as part of the
course assessment. Universities offering entomology pro-
grammes often had dedicated taxonomy or collection-
based courses where students would complete an insect
collection instead, or as well as, in a more foundational
entomology course.
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Identification skills

Internal or external structures, morphology
Ecology/insects and ecosystems
Diversity/classification/systematics/evolution
Insects and society

Physiology

Curation / insect collection

Pest management

Collection or sampling methods

Behaviour

Applied entomology e.g. forensics, agriculture, biosecurity
Specific to the geographic region the course is located
Methods and skills to study insect populations

Care of live insects

Molecular entomology/ insect genetics

Insect conservation

50 75 100

Covered in course objectives Not covered in course objectives

FIGURE 1 (a) Percentage of general entomology courses with an insect collection as a part of assessment or practical learning component. Note
that courses from universities that have an extensive undergraduate entomology programme are omitted as an insect collection is likely captured in
alternative courses. Numbers in brackets indicate the number of courses for each option; total number of courses reviewed = 21; for two courses, this
information was unclear as thus was not included. (b) The proportion of courses that addressed different core learning objectives that were identified
by evaluating available online syllabi and course outlines (n = 35) for general (foundational) entomology undergraduate courses. Note that this
includes general entomology courses that contribute to more extensive entomology programmes.

RESULTS/CASE STUDIES
Primary learning objectives

In total, we evaluated 38 course syllabi or outlines associ-
ated with general entomology courses taught at different
universities worldwide. Of these, 15 were associated with
a more significant entomology programme (e.g., those
institutes that offered a minor or major in entomology).
For undergraduate courses at universities that did not
have larger entomology programmes, we found that 86%
required an insect collection as part of the course assess-
ment or practical learning component (Figure 1a). Learn-
ing ‘objectives’ or ‘outcomes’ were available for 35 of
the 38 courses evaluated. These primarily were focused
on insect (1) identification skills, (2) morphology, (3) ecol-
ogy, (4) diversity and (5) physiology (Figure 1b).

In order to demonstrate how these more common
learning objectives can be met within the curricula of
online or distance-learning entomology courses, we pre-
sent below four case studies. These represent practical
activities that we (the authors) have collectively devel-
oped and/or used in our own experience teaching ento-
mology to undergraduate students namely in Australia,
Aotearoa New Zealand and the United States. Each of the
four activities can be conducted by students at home
with online support from teaching staff. They are also

‘hands-on’ activities, giving the students a suite of ento-
mology and general research skills, and meet the learning
objectives we found to be most common in our assess-
ment of current entomology curricula (Figure 1b). Our
courses are subject to formal student evaluations, in
which students can also provide written feedback on their
experiences, including their impressions of the online
activities we implemented. In addition, learning objec-
tives/outcomes can be evaluated by graded assignments.
However, the use of these data in a publication such as
this requires preapproval through the relevant institu-
tional review boards or ethics committees. Given that
these activities were introduced during the pandemic, at
short notice, preapproval was not possible. As such, we
are limited to providing our personal experiences as ento-
mology educators for these activities and our overall
impressions of the student experience.

Insect morphology/internal and external
structures

Understanding insect form and function provides stu-
dents with foundational knowledge important to many
aspects of entomology as well as broader biological sci-
ences. Knowledge of insect morphology and physiology
can provide insights into insect adaptations, such as the
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raptorial forelegs of praying mantises for capturing prey,
or the elongated proboscis of moths for collecting nectar.
In addition, it can inform students about ecological roles,
evolution and diversity, as well as pest control strategies.
For example, understanding the digestive system of pests
can help in the development of targeted insecticides.
Understanding the external and internal structures of
insects is typically learned by doing dissections in in-
person labs, but these can be taught in an online class
as well.

Activity 1—Fairleigh Dickinson University,
United States of America

Due to the pandemic of COVID-19, all courses were
taught online at Fairleigh Dickinson University in fall
2020, including the undergraduate Entomology lecture
and lab course. As this was known in advance, students
were provided with an ‘entomology bag’ which con-
tained basic entomology equipment, including dis-
section tools. Each dissection tool kit contained a scalpel,
a bottle of ethanol, forceps, dissection scissors and as a
large lubber grasshopper of the genus Romalae stored in
a large glass vial filled with a 90% ethanol solution. These
grasshoppers, native to the Southern United States, are
commonly used for insect dissection, as they are large
and easily available in the United States from commercial
suppliers. The migratory locust, Locusta migratoria, would
also be suitable. Other easily available insects could also
be used, such as those provided as feed by a local pet
store. Similar to previous in-person dissections, this activ-
ity was graded on the accuracy of proper identification of
given morphological traits. However, unlike in fall 2020,
students were also graded on accurate graphic depiction
when they submitted drawings.

Before dissection day, students were asked to familiar-
ise themselves with the dissection tool kit, their lecture
notes, as well as the grasshopper in the vial (e.g., what are
the names of the dissection tools? what is the sex of the
grasshopper?). In addition, students were asked to find a
tray as well as a quiet place to conduct their insect dissec-
tion, making sure their dissection does not cause addi-
tional stress in an already stressful time at home. To
create a sense of community on dissection day via Zoom,
students shared their family’s reactions regarding the
upcoming dissection, along with the place of their grass-
hopper’s dissection, which included kitchen tables, base-
ment floors, and their personal rooms.

After a short introduction on how to use the available
tools, students were asked to open the vial and observe
the external anatomy of the insect, which had been
discussed in the preceding lectures. First, they had to
identify several morphological characteristics of their
specimen including its head, thorax, abdomen, wings,
legs, compound eyes, antennae, ocelli and based on the
terminalia, its sex. After that, they were asked to take

pictures of their specimen (with their cell phone) and
label its parts accordingly with an arrow (all students were
familiar with how to write/label a picture taken with their
phone; other technological problems in this course were
often solved by student interactions via the Zoom chat-
room). In previous years, during in-person labs, students
would submit drawings as part of their assessment. How-
ever, given the overall stress these students experienced
throughout the pandemic and the additional challenges
of doing dissections in their homes, it appeared more
appropriate to use photographs instead of drawings.
Taking pictures also allowed for a more even pacing
among the participating students, as students tend to
vary in their abilities to draw efficiently. Thus, no student
felt rushed to conduct the dissections, which allowed
them to work as one large team and to finish each
section at almost the same time. However, if this activity
were to be run online regularly, drawings could be incor-
porated, if that were preferred and could be submitted
online as photos.

After external anatomy, we proceeded to investigate
the head with all its components, including mouthparts,
sutures and compound eyes. After labelling the head, stu-
dents continued to dissect mouthparts, which again were
documented as a labelled picture (Figure 2). We similarly
investigated the thorax, legs and abdomen. Each student
was asked to paste each of the labelled pictures into a
document and submit it online. After the dissections, stu-
dents cleaned their tools in bathroom sinks (‘My mom
told me | cannot use the kitchen sink for that!’) and dis-
carded the grasshopper remains.

Throughout the activity, students were very engaged,
supported each other by explaining how to dissect cer-
tain parts, shared pictures with each other and exhibited
a great sense of humour throughout—something which
is often encountered during in-person dissections. To

FIGURE 2 Example of an in-home dissected lubber grasshopper
head. Students had to submit a picture taken with their mobile phone,
find and label the required parts and submit it as an assignment.
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increase a sense of belonging and engagement, one
might consider adding polls, which can now be easily
done with Zoom. For example, asking students how many
males and females they have could lead to a discussion
on sex ratios, or students could be asked functional ques-
tions for relevant body parts. Overall, this activity success-
fully achieved our learning objectives related to students
developing an understanding of the external and internal
anatomy of insects.

Insect morphology and identification

Insect morphology is a foundational component of ento-
mology education as it provides the knowledge necessary
for identifying and classifying insects, understanding evo-
lutionary relationships (e.g., insect taxonomy and system-
atics) and comprehending how insects interact with their
environment, find food, reproduce and defend them-
selves. For example, the fossorial forelegs of the mole
cricket allow them to navigate underground and the
larger mandibles on male stag beetles are for battles for
resources or mates. Insect morphology is typically learned
through a combination of lectures that may introduce ter-
minology with associated images and labs that typically
involve curated specimens that best show the morpho-
logical traits being taught. Knowledge of insect morphol-
ogy has historically been assessed through submitted
collections that have students determining insect identifi-
cations using dichotomous keys based on morphological
characteristics.

Activity 2—University of Maine, United States of
America

This activity was created for an undergraduate Introduc-
tion to Applied Entomology course, which was taught
online during the fall semester of 2020. New technolo-
gies, such as iNaturalist, changed the landscape of learn-
ing and meant that students no longer needed to learn
insect morphology to identify the insects they submitted
to get a good grade on a collection—they just needed to
take good enough pictures for a phone app to identify it
for them. Paying attention to the small details in insect
morphology is lost when using apps, which means that
many of the soft skills that were formally gained by doing
an insect collection, such as patience, organisation, time
management, critical thinking and communication, are
also lost. To meet these other learning objectives and
gain these soft skills, a homework assignment was devel-
oped that was an updated version of the traditional insect
collection and can be easily implemented in an online
format.

Students were asked to complete a digital insect col-
lection where they not only took and submitted pictures
of the specimens they collected, but they had to include
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a label and point out three morphological characteristics
(for each family) that were necessary to get to the correct
ID, with arrows pointing to those characteristics. This
ensured that even if they used an app to reach the
family-level identification, they had to show that they
understood why it was in that family. All students had
smartphones that allowed them to take the images, but
the assignment could be completed using a hand-held
camera if needed. The assignment required fewer speci-
mens than a traditional collection (20 unique adults
vs. 50), but a diversity requirement of at least six different
orders was still needed. Students were provided with
basic instructions on how to trap and collect insects
(e.g., how to make a kill jar or pitfall trap or utilise outdoor
lights) and then additional supplies, such as aerial nets,
were available for students to pick up if they lived close
to campus. However, nets were not required because the
assignment was designed to be accomplished with basic
household items. Given that the assignment only requires
images, it could be completed without killing the insects.
To slow down insect movement (in order to get good
images) without harming them, they can be chilled in a
refrigerator (15-60 min depending on size and species)
and/or placed on an ice pack. Insects will gradually
become active again as they warm up and can be
released once the images have been collected.

A student’s final ‘collection’ was submitted as a
PowerPoint slide show, where the first slide was an
image of the specimen on the label and their justification
for the order-level identification. An additional slide with
cropped/zoomed-in images followed it with numbered
arrows pointing to the diagnostic traits for identification
that corresponded to a text box listing the numbered jus-
tifications. Students also had to indicate which feeding
guild they believed the insect to be in, as a way to think
about the habitat it was collected in and its potential eco-
logical niche. Example slides were provided to the stu-
dents (Figure 3) along with tips for how to make a
successful ‘collection’ and instructions on how to use
PowerPoint. Because in-class labs provide ample time for
students to work on their collections with the instructor
available for assistance, a couple ‘drop in’ lab days were
offered via zoom for students to ask questions, share
images and get feedback on their collection before sub-
mission. This activity achieves learning objectives related
to insect identification and morphology and was well
received by the students.

Insect ecology and behaviour

Insects play vital roles in ecosystems, such as through pol-
lination, predation, decomposition, and serving as a food
source for other animals. Learning about insect ecology
helps students understand these roles and the broader
impact insects have on ecosystem health and stability.
Observing insect behaviour provides insight into how
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Family (or Suborder): C(‘ r(lmD\/) CIg0c¢

Order: Co|e CP+€ ra.
Date: 8/3‘-//2020

Location: Bzmgor Penobscod Mé

Collector Name: An%ela Mech

Collection Type: HanA

Coleoptera: Cerambycidae (a)

| knew this was in the order Coleoptera because the
front wings are hard (elytra) and meet in a straight
line down the middle of the back, and it has chewing
mouthparts.

Coleoptera: Cerambycidae (b)

| knew this was in the family Cerambycidae because:

1. Ithasverylong antennae (longer than the length of
the body)

2. There is a notch in the compound eye where the base
of the antennae is

3. The 3" tarsomere is bilobed

As with all Cerambycidae, this insect is a wood borer

FIGURE 3 Example slides for a digital insect collection. The first slide (a) includes the identification label, and the second slide (b) includes the list
of traits and the corresponding arrows pointing to those morphological traits that justify the identification.

insects interact with their environment, other organisms,
and each other and equips students with practical skills
on collecting data.

Activity 3—University of New England, Australia

This activity, developed for undergraduate entomology
students at the University of New England, a leader in dis-
tance education for over 70 years, has been designed for
students to complete at home and is associated with part
of their assessment.

As ants are generally a ubiquitous taxon, occurring in
most urban and natural environments, students can
choose to conduct this exercise at a locality that is conve-
nient for them, such as their backyard or in a local park or
green space. For this activity, students can quickly and
easily sample their local ant community using different
bait types they are likely to have readily available at their
home (e.g., honey, sugar, jam, tuna, pet food or other

meat) and develop a simple ecological question to
answer using this straightforward baiting setup.

Prior to commencing the activity, students are given a
short online presentation to introduce the exercise and
a range of related ecological and entomological concepts
such as intraspecific and interspecific competition, spatial
and temporal partitioning, community assemblage, and
food preference and recruitment behaviour of social
insects. Based on what concept they find most interest-
ing, students can then develop a question to answer
using their baiting setup. For instance, students may
decide to test which bait types are most attractive to dif-
ferent ant species by offering various baits (carbohydrate-
, protein- or lipid-based) in small stations (a card with a
pea-sized offering of each bait type, either in pairs or
arrays and replicated several times; Figure 4). They can
then observe the bait stations at intervals over the course
of 1-3 h to record the numbers of ants/species feeding
on the different baits. Alternatively, they may want to
explore potential temporal niche partitioning in the ant
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FIGURE 4 Example of bait stations set up to examine insect
behaviour. Ant communities were sampled using common household
items: peanut butter, honey and pet food.

community by offering baits at different times of the day
(e.g., early morning, midday, late afternoon and evening)
to see if the dominant ant species at bait stations differs
in response to time of day.

Although students are unlikely able to accurately
identify different ants to species in the absence of a
microscope, photographs uploaded to iNaturalist may
help with identification or alternatively, they can desig-
nate ants to morphospecies. Students may also address
some of their questions by observing behavioural and
morphological traits (e.g., trail forming ability, body size
and number of individuals), which they can then correlate
to their observations to understand whether different
traits are associated with competitive advantages, or a
species’ ability to monopolise a resource. As part of the
assessment, students share their setup and findings (with
a short photo diary) to a dedicated online forum, which
encourages engagement and broadens their learning by
sharing their research questions and experiences. This
activity could be extended by guiding students through
appropriate statistical analysis of their results and further
assessed as an online research presentation and/or a for-
mal research report formatted as a journal article. Overall,
this type of research project addresses learning objectives
associated with insect ecology along with broader out-
comes based around conducting research projects and
writing and presenting results.

Insect diversity, identification and collection

Experiencing the vast diversity of insects first-hand
provides students with a comprehensive view of their bio-
logical richness and complexity. Learning to make sense
of this diversity via the development of identification
skills fosters an appreciation of insects but also trains

Austral Entomology—\A/[ ]_Eyj7;f11

students with skills that are essential for employability in
jobs related to conservation, ecosystem health, and pest
management.

Activity 4—University of Auckland, Aotearoa
New Zealand

This activity was taught online in 2020 amidst the first
wave of the COVID-19 pandemic and during the
first period when Aotearoa New Zealand was in lock-
down. In this course, undergraduate entomology stu-
dents were asked to create an insect collection of
30 curated specimens. Prior to 2020, when the class was
in person, there were many opportunities for interac-
tions between staff and students (and among students),
and a strong atmosphere of collaboration and engage-
ment in the collecting, presenting and identification of
insects. When students were stuck at home, engagement
and interaction suffered. This activity was introduced as
a fun way to get students involved in learning the skills
necessary for insect identification while maintaining
communication and engagement with one another and
staff.

Students were asked to search the windows of their
homes after dark when internal or external lights were on
and attracting moths from surrounding gardens or local
environments. For any moths found, students took
photos, usually with their mobile phones (sometimes with
higher quality cameras), and posted those photos online
on the course discussion board in a dedicated channel
within the course’s online learning platform (Figure 5). At
this point, other students in the class would attempt to
identify the moth species in each photo and suggest an
ID in a thread attached to the image. Additional students
could then agree with the proposed ID, or propose their
own identification with reasons why they disagreed. Stu-
dents were asked to submit at least 10 photographs and
to attempt to identify moths from at least 10 photographs
that others had submitted.

Within Aotearoa New Zealand, the moth fauna is rela-
tively small (<2000 species) and very good online
resources exist with high quality photos of all the most
common larger Lepidopteran species. In addition, a copy
of the book ‘Which New Zealand Insect?” by Crowe
(2002) was provided to each student—a large number of
the most common species are depicted within. Therefore,
it was possible to expect that for most moth species that
students could photograph in suburban Auckland, they
should be able to determine an identification. In other
parts of the world with a relatively manageable moth
fauna, similar resources may be available. If not, or if the
diversity of the moth fauna is prohibitive, a particular fam-
ily could become the focus, or a short guide to the most
common moths could be developed. Alternatively, iNatur-
alist might provide a decent guide to the most encoun-
tered moths in a particular city or region.
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FIGURE 5 Examples of photos taken and submitted by students and staff for the online moth identification activity at the University of Auckland.
All moths were identifiable to species from these photos using the resources available to students.

We found that regardless of the accuracy of the ini-
tial identification provided for each image, the engage-
ment and interaction that followed was seen to be just
as important, if not more so, than the identification
skills that students practiced. In 2020, a time when
student engagement and interaction suffered, this activ-
ity led to 100% engagement with all students submit-
ting photographs and identifying moths from others’
submissions.

Alongside this activity, students also completed a
standard insect collection from home. Students had
received the collecting, pinning and labelling gear prior
to lockdowns and so were still able to complete this
assessment, but in a reduced form (15 species rather than
30). Demonstrations of setting and pinning were given
online with recordings provided for asynchronous learn-
ing. In addition, online help sessions were provided via
zoom to give students feedback on their progress. If a
home-based insect collection is to be used as a standard
part of an online or distance-based entomology course,
collecting and pinning equipment could be posted to
students or available for local students to collect from
campus at the beginning of semester. Depending on the
preference of staff, an insect collection could be used
alongside or in place of an activity such as the moth
identification activity described above, but the high
degree of interaction and engagement among students
may be harder to replicate with only an insect collection.
However, given that a large number of entomology
courses have an insect collection as a major assessment
(see Figure 1a), we wish to emphasise that a collection
can still be part of an online entomology course,

providing the practical skills that achieve many learning
objectives associated with insect identification, collection
and curation.

DISCUSSION
Benefits of online entomology education

Despite the challenges faced during the COVID-19
pandemic and its period of emergency online teaching,
many courses have continued to provide online learn-
ing options post-pandemic, including entomology
courses. The drivers behind the decisions to continue
with online learning are diverse, but several advantages
are apparent: (a) increased equity owing to more flexi-
ble timeframes of asynchronous learning and the ability
to learn from home, (b) the utilisation of technologies
that students are already adept and comfortable
with and (c) the demonstration that science can be
done at home, in local environments and away from
laboratories.

Educational programmes that offer distance-based or
online options for study allow more equitable access to
education (Molinar, Huang, & Narui 2024). The flexibility
of asynchronous learning means that students can
engage with course material at times that fit with their
other responsibilities. For example, online learning may
level the playing field for those who have traditionally
experienced obstacles to education such as older working
adults and those with parenting or other caring responsi-
bilities (Stone 2022). Asynchronous online learning can
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also improve access for those who live large distances
from campus, who have socioeconomic constraints,
including the need to work full time or juggle multiple
jobs while studying, and for students with physical or
cognitive disabilities (Molinar, Huang, & Narui 2024). It is
however also important to be aware of inequities that
can be exacerbated by online learning, owing to varied
access to required technologies or adequate learning
environments (Farley & Burbules 2022).

Challenges of online education

The online learning environment also brings with it, a
range of challenges. These include (a) technological con-
straints and significant effort required to modify teach-
ing and learning activities to the online environment,
(b) the need to monitor and stimulate engagement in a
dispersed and sometimes silent student body and
(c) potential equity concerns over access to and familiar-
ity with the required technologies of online learning.
Our shared experiences across multiple institutions have
largely found these challenges and constraints relatively
straightforward to manage. All of the activities described
above took a solid amount of planning, development
and modification prior to their implementation, but not
more so than any face-to-face practical activities we had
previously developed. Student engagement required
careful monitoring, but the work that students submit-
ted online and the engagement in online discussions
allows clear identification of students who are not
engaging, and the potential to follow up with direct
communication and encouragement. For example, the
moth identification activity at the University of Auckland,
had a slow start with only a small proportion of students
engaging. However, clear communications with the
whole class and individual students about the benefits
and requirements of engaging, coupled with the fun
atmosphere of collegiality in the discussion forum
brought about a 100% level of engagement in the activ-
ity. On the other hand, synchronous lab activities like
the grasshopper dissection did require less prompting
when compared with in-person labs, possibly because
students could not fully rely on a lab partner. However,
distributing the equipment at the beginning of the
semester proved to be a challenge at the height of the
pandemic and required substantial coordination
between student and staff, as well as among students
helping each other out, if they were unable to come to
campus for the timed pickup. Equitable access to the
necessary technologies was assessed early in phases of
the pandemic lockdown and addressed if needed. For
example, at the University of Auckland, devices and pre-
paid ‘internet sticks’ (portable modems) were provided
and delivered to some students who did not have home
access to a device or internet. Overall, while we acknowl-
edge important and sometimes significant challenges to
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converting and delivering online entomology teaching,
we all found in our shared experience, that they could
be overcome.

A need for insect collections?

The shift to online teaching during the pandemic also
opened the door to discussions regarding the reevalua-
tion of the traditional curriculum associated with a gen-
eral entomology course. For example, the tried and true
method for assessing a student’s ability to identify insects
has been for them to submit a curated insect collection—
this has been the preferred assessment for over 100 years
(Osborn 1911). Previously, identifications for insect collec-
tions were made using dichotomous keys based on mor-
phological characteristics, meaning that the correct
identification showed a level of skill that the student had.
With the increasing popularity of tools that can help users
identify organisms with a single picture (e.g., iNaturalist),
an insect collection may no longer be an assessment of a
student’s ability to successfully work their way through an
identification key, but an assessment of their ability to
take good pictures. If this is the case, and digital identifi-
cation tools will continue to improve and become more
commonplace, we ought to reevaluate collections as a
form of assessment for learning objectives associated with
insect identifications and instead utilise them for other
course goals.

There is still much value in student insect collections.
The curatorial skills learned when handling and preparing
insects for a collection are irreplaceable. For example, the
handling of specimens allows for a better understanding
of insect anatomy and classification, improves fine-motor
skills and gives students the opportunity to interact with
insects, which would not be possible if only pictures are
taken. In addition, the steps required to make an insect
collection can result in a reduction of fear or disgust
regarding insects that students may have had prior to the
course, often due to their limited exposure to the natural
world. Although tasking students to collect and curate an
insect collection still clearly has merit, and we describe
how this could be utilised in conjunction with other activi-
ties (see Activity 4), instructors could consider making it
an abbreviated activity that meets the objectives just
mentioned as well as to assess curation skills (rather than
identification skills).

Other reasons to consider altering the larger tradi-
tional final collection include ethics and conservation. For
example, students may have a keen interest in learning
more about insects, but feel morally challenged to collect
and kill potentially hundreds of specimens to create a
suitable collection for a satisfactory grade. Submitting
a photographic collection (see Activity 2) or using a scav-
enger hunt activity using iNaturalist (e.g, Mech
et al. 2022) could be implemented to reduce this concern.
This approach would also make entomology courses
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accessible to neurodivergent students and those with lim-
ited fine-motor skills. Lastly, given the dramatic decline of
insect populations throughout the world (Wagner
et al. 2021), it is becoming difficult to justify annual collec-
tions of thousands of insects for each entomology course.
This can be especially problematic if students are uninten-
tionally collecting insects that are considered threatened
or endangered. However, student collections also present
an opportunity to establish or continue natural biodiver-
sity records for local insect fauna, providing a potential
means of generating valuable temporal data that could
otherwise be difficult to obtain. Many universities have
natural history collections to which specimens can be
accessioned, meaning student work can contribute in per-
petuity to our understanding of biodiversity. That said,
alternatives to extensive student collections could be con-
sidered. For example, instead of focusing on a wide range
of insects to gain curation skills, instructors might con-
sider asking students to collect easily identifiable invasive
species or other abundant groups.

The future of online entomology education

Looking into the future, it is reasonable to assume that
the delivery of higher education will adapt in response to
meet the needs of society and technological advances.
The responses of insects to different global change sce-
narios are poorly understood, but understanding funda-
mental insect biology is going to be necessary in light of
global food security and human health. Entomology edu-
cation thus is as important now as ever, and with an
increasingly online society, developing curricula that can
be delivered remotely is an inevitable reality. Although a
shift to more online teaching may initially be challenging,
there are many opportunities for students to engage and
interact with the insect fauna wherever they are based.
Global biodiversity databases and repositories can be
integrated into online teaching activities that encourage
the engagement of students beyond the local fauna and
target learning objectives related to systematics, mor-
phology and ecology.

We provide a number of activities that can be imple-
mented in online entomology courses that meet the tra-
ditional learning objectives of in-person classes while also
adding equity, socioeconomic, ethical and conservation
benefits. These offer just a few examples of how students
can conduct at-home activities with minimal specialised
equipment to develop fundamental skills in entomology.
It is our hope that this will inspire other entomology edu-
cators to further develop and share additional practical
activities that meet core learning objectives and equip
future cohorts of entomologists.
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