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ABSTRACT
Since the sudden emergence of COVID-19 global pandemic, all educational institutions have

looked to move resources and delivery online. Some institutions had already embraced delivering
instruction in this way, however, broader adaptation to this teaching style is new to many educators.
While the teaching of theoretical concepts is more easily transferred to a blended learning environment,
the teaching of practical chemistry poses significant challenges, yet it is crucial to the chemist’s identity.

Here we describe the establishment of a new, international, network to consider how practical
chemistry can be taught outside of the traditional laboratory environment and invite readers of this
special edition of the journal to join. Meeting fortnightly and maintaining links through a shared
networked drive between meetings, the network has been accessed by over 100 delegates in the UK,
mainland Europe, North America and Australasia. The traditional siloes of chemistry have not defined
the discussions, which have instead focused on logistical aspects such as social distancing and the
pastoral role of the laboratory environment. Initial evaluation shows the network is valued by its

members and is making progress towards its aims.
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INTRODUCTION

Since the sudden emergence of COVID-19 global pandemic, all educational institutions have
looked to move resources and delivery online. Teaching of theoretical concepts, usually undertaken in
lectures and tutorials, are most easily transferable to the online environment, especially in institutions
that have already embraced e-learning. Across the world, education institutions from primary schools
to universities have embraced video conferencing tools such as Zoom, Microsoft Teams, Blackboard
Collaborate and Skype to deliver synchronous teaching of theory.! However, significant challenges
remain in planning and implementing for practical chemistry laboratory classes in the blended learning
environment. A straightforward solution to these challenges would be the postponement of laboratory
teaching until a more ‘normal’ chemistry education environment can be provided. This option, however,
is not possible within the current approval/accreditation frameworks; the two major
approvers/accreditors of chemistry degrees are the American Chemical Society (ACS) Committee on
Professional Training and the Royal Society of Chemistry (RSC). The ACS requires bachelor degrees to
have 400 hours of laboratory experience beyond introductory chemistry,?2 and the RSC requires between
300 and 400 hours of laboratory experience depending on the level of program, and also stipulates a
requirement for an undergraduate research project.32 In saying this, both the ACS2b and RSC3b have

adjusted their specifications in June 2020 to take the COVID-19 pandemic into account.
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Removing laboratory classes, even in the short term, would pose significant difficulties in
achieving the accreditation criteria. Additionally, such a proposal would be in direct opposition to the
identity of chemists.4

There is an abundance of literature on practical chemistry, with the vast majority relying on a
traditional laboratory environment in either schools or universities. In this there is an assumed level of
space, apparatus and teaching support. The model for undergraduate chemistry education in the UK
and Ireland usually involves students attending a laboratory class at least once per week during the
semester. This normal environment may not be possible in the autumn semester 2020 as planned social
distancing guidelines may limit student access, restricting the level of laboratory occupancy.
Furthermore, many HEIs have significant numbers of international students who may be subject to
travel restrictions, or may be nervous about moving abroad for study during a pandemic.

In order to overcome some of these issues, it is likely that university chemistry departments will
need to design non-laboratory based practical experiences, or ‘drylabs’. The term ‘drylab’ may be most
familiar to analytical chemists working in chromatography, where international collaboration resulted
in the development of simulation software called DryLab® in the 1980s.5 Here, we use the term more
widely to describe an activity which meets the aims of laboratory teaching, but takes place in a
non-laboratory environment and without the associated apparatus and personnel.

Drylabs as a learning technique is not new. The use of computer simulations as a way to extend a
student's experience beyond what is feasible or even possible in the laboratory at a given level has
been of interest since the 1970s.6. They began to be integrated into the more traditional hands-on
areas like organic chemistry in the 1980s7 and researchers began to consider the effectiveness of
learning in a hands-on and computer simulated environments later in that decade.8 More recently,
computer simulations have become commonplace as pre-laboratory activities,® but they have not
replaced the standard laboratory class which remains hands-on. Computer simulations are not the
only possible drylab experience; any activity that meets the objectives of a laboratory course!© could be
considered as a drylab activity. These might include planning and risk assessment exercises, report

writing and data analysis.
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THE CASE FOR COLLABORATION
Many institutions will have some drylabs within their existing laboratory program. For some highly

specialized institutions, such as the Open University in Milton Keynes, UK, the majority of their
practical work is conducted through a drylab environment. The proverb goes that ‘many hands make
light work,” and it was hoped that the establishment of this new network would help lessen the load
for academics faced with adapting their laboratory programs during COVID-19 restrictions. HE
institutions are normally considered in competition with one another, both for research funding and
for students, as tuitions fees provide a source of funding. Collaboration, therefore, may seem
unnatural, and there is little in the literature describing collaboration between HE institutions.!!
Collaboration provides a mechanism for dealing with people which respects and highlights the abilities
and contributions of individual group members. In successful collaboration, there is a sharing of
authority and acceptance of responsibility among group members for the groups’ actions.12
There are a number of networks facilitating discussion between institutions, with learned societies

including the ACS and RSC being key facilitators. These networks tend to center around the sharing of
ideas at meetings and conferences. True collaboration, the sharing of workload towards a shared
objective, is much less common. Notable examples of such successful collaborations are the
IONiC-VIPEr!3 and the POGIL projects.1* Subject-focused collaborative networks have been developed,
though these tend to be localized within cities,!5 or regionally.16 There are also subject-focused
networks that take advantage of the online space to facilitate collaboration internationally, however,
progress is slow as the network grows organically.1” The literature is rich with examples describing the
benefits of inter-disciplinary and cross-disciplinary education collaboration for undergraduate student
projects and courses!8 and collaboration between higher education and high schools.1® Thus,
developing a larger, more diverse, inter- and cross-disciplinary network would serve as a powerful
vehicle for innovation and development of ideas.
THE DRYLABS20 NETWORK

To address the potential issues of delivering a practical program in the COVID-19 era, the
authors from the University of Oxford established a new online network focused on resolving this task,

named #DryLabs20. This was initiated by contacting educators in the UK through existing network
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channels, and advertising the network more generally via Twitter. The University of Oxford authors then
have organized the meetings.

At the time of submission (July 2020), there have been seven online meetings recorded through
the Zoom video communication platform. Invitations to collaborate were advertised through established
networks, including those facilitated by the RSC as well as by social media, primarily Twitter. The live
meetings have generally been attended by around 100 participants, principally from the UK (all four
nations) but also delegates from the US, Europe and Australia. Most attendees are academics and
instructors in higher education who have roles aligned with laboratory work, but there is also interest
and involvement from laboratory technicians and high school teachers.

At its inception, the wide-ranging and ambitious aims of this network were to

(1) Bring chemistry educators together and develop a broad sense of community

(2) Create a repository of fully developed, implementable materials from the community
(3) Forge new collaboration for innovation and development of new ideas

(4) Tackle the challenges of teaching in the current (COVID19) climate and beyond

(5) Understand the full impact, purpose and value of laboratory-based teaching

The format was designed to mirror the structure found in face-to-face conferences and
professional meetings, beginning with housekeeping and introductions followed by presentations, then
breaks for networking and discussion. In accordance with UK GDPR requirements, participants were
required to register to a mailing list, which sent out details of upcoming events. The main room
presentations and discussions have been recorded and made accessible to all network members.
The forum is still highly active, and welcomes all interest from educators in the field worldwide.

The presentations offered have grown organically as the network has established and have
included contributions from academics in HEIs, specialists in online learning, educators working at the
interface between high school and higher education, suppliers of virtual laboratory simulations, and
learned societies. As the Universities of Oxford and York had a number of weeks of teaching remaining
when national shutdowns were implemented, they have presented their experiences of delivering a
laboratory curriculum through blended learning during the COVID-19 lockdown period. This initial

experience of online delivery has been vital in framing further discussions as other institutions plan for
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delivery in the autumn. Given the importance to educators of being able to meet accreditation
requirements, the RSC presented their initial thoughts on how the accreditation framework could be
adapted, so students suffer no detriment, whilst ensuring the importance of the laboratory experience
to undergraduate chemistry education is maintained. Ideas for new ventures have been presented,
including development of coding skills, the use of personal action cameras for filming techniques in the
laboratory, and the potential of home chemistry kits. Presentations were also delivered on planning for
social distancing in laboratory buildings and prior knowledge of students transferring to the first year
of undergraduate study. Between sessions, members of the network are invited to contribute resources
to a shared drive.
INSIGHTS FROM BREAKOUT ROOMS

Breakout rooms are sub-rooms within a central meeting or training session whether that is in a
face-to-face or online meeting. They are useful for splitting a large group into smaller groups with
common interests so they can talk or collaborate more easily. This has proved to be the case for this
network, with one participant noting, “breakout sessions provide opportunity for everyone to contribute.”

The DryLabs20 breakout rooms were initially designed around the main branches of chemistry,
(physical, organic, inorganic and analytical), however it was quickly apparent these traditional siloes
were not sufficient for the needs of the attendees. Figure 1 shows how the breakout rooms have changed

according to the needs of the network.

Meeting 1 Organic Inorganic Physical Analytical RSC
Meeting 2 Organic Inorganic Physical Analytical Learning First year labs
Science l
Meeting 3 Social Distancing in Labs Finding ways to maintain Kitchen Chemistry Developing a First Common Learning Objectives
interpersonal Interactions Year course Collaboration
Meeting 4 Social Distancing in Labs Supporting students Kitchen Chemistry Starting First Common Learning Objectives
and GTAs l Year Collaboration
Meeting § Social Distancing in Labs Supporting students Kitchen Chemistry Starting First Common Learning Objectives
and GTAs Year Collaboration

Fig 1: Progression of network themes through the population of breakout rooms
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As the discussions have evolved, there have been key insights into the magnitude of the challenges
facing educators in moving laboratory teaching to a blended learning environment.

Discussions brought up potential issues with student engagement and motivation, and so the
theme of supporting students and graduate teaching assistants emerged. Network members highlight
that the teaching labs are “more than just the place where students perform practical chemistry.”
Motivation comes from an interplay between personality, social cognition, developmental history and
social relationships.20 Many of the interactions and friendships that develop within a cohort are forged
in the laboratory environment, and these feed into student motivation, success and belonging.2!
Research into the role of social networks in student success has shown social integration differed
descriptively and statistically between successful first year engineering students and those who dropped
out or failed first year.22 This is confirmed by a number of other studies, students who are socially
isolated are less academically successful and at a higher risk of dropping out.23.24

This pastoral side of the laboratory environment has resonated strongly in the sessions and can
be seen in the development of the breakout rooms focusing on the experience of 1st year students,
supporting students, and graduate teaching assistants. Network members feel that strong relationships
are forged with the teaching laboratory staff, meaning laboratory instructors are able informally to
monitor the welfare of the students. Online delivery of practical work would present a real problem,
especially for incoming students, who, unlike previous cohorts of students, will not be able to develop
these relationships readily. The laboratory environment is a challenging one for transition to
undergraduate study,?5 and the additional challenges posed by a blended learning environment may
hinder this transition. Moving online, a significant shift in responsibility is placed on the student, where
they must be pro-active in seeking help — this could prove highly challenging, and it could become very
easy for a student to be overlooked if regular contact is not maintained.

Breakout room discussions also frequently featured concerns and speculation about the
consequences of new governmental recommendations on infrastructure and logistics in light of
COVID-19, including social distancing, and remote delivery. The development of the network’s

community spirit, being ‘in it together’, has helped mitigate the sense of a lack of control about these
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issues. Breakout rooms specifically discussing social distancing in labs have been a feature of the three
latest meetings.
NETWORKS BEYOND CHEMISTRY

The creation of the DryLabs20 chemistry network has acted as a catalyst for the creation of at
least three spin-off groups so far, namely: DryLabsRealScience (Biology), the PHYSICS-LTHE group
(Physics) and DryLabsDownUnder (the Australasian version of the Chemistry group). Communication
between the various groups is proceeding, and we hope this collective approach will prove a fertile ground
for cross-disciplinary developments, reflective of the nature of current research.

MEASURING SUCCESS

With any intervention, evaluation is key to ensuring success and in maintaining relevance. There
are many frameworks for evaluating the value of collaboration,26 however, the nature of establishing a
new collaborative network during a global pandemic has meant these were unable to be implemented.
Instead, the initial thoughts of attendees was sought using a short survey (n=25). The survey instrument
is available (see Electronic Supporting Information).

The main vehicle for attendees finding out about the planned sessions was by word of mouth,
suggesting we need to work harder to use other established networks to reach out to educators who may
benefit from this new collaboration. The attendees indicated that their main motivation to joining the
network was a need to engage with like-minded people who were all trying to solve the same problem:
how to teach practical chemistry online. This confirms that, as a community, we have not yet embraced
non-traditional methods of laboratory teaching.

Most respondents (15) were pleased with what has been achieved by the network so far, with the
remaining respondents (10) somewhat happy. The main benefit of the meetings has been feeling part of
a team, finding out what colleagues in other institutions are doing, and meeting new people. At the time
of preparing this manuscript there have been no collaborative outputs however we are optimistic that
this will change as the network matures. It has been clearly demonstrated in the feedback that
participants feel that this initiative has relevance moving beyond the current COVID-19 crisis. Of the 25
respondents, 19 people intend to attend every session they practicably can, and the remaining

respondents indicated they would consider still attending after the current pandemic subsides.
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Returning to the aims of the network at its inception, it is clear that objectives relating to the
building of community (objectives 1 and 3) have been mostly met. Attendees commented that the
network is “very friendly, to both established chemistry educators and new members,” with “Free
discussion, sharing of experiences, making connections with larger departments”. The discussions that
have taken place have focused everyone’s thoughts as to the purpose of laboratory education - an
emerging theme within current education research.!® Whether the network allows members to tackle
the challenges of teaching as the COVID-19 situation develops (objective 4) is yet to be seen.

One objective where progress has been slower is in the establishment of a repository of dry lab
activities (objective 2). Given the constantly changing situation regarding the COVID-19 pandemic and
its influence on educational establishments, educators have rightly been focusing on their own local
priorities, including the completion of the 2019-20 cycle of teaching and assessment. We hope to use
upcoming meetings to prioritize this objective, and hopefully lessen the workload for network members
whose summer priorities will involve redesigning their laboratory courses. In recent weeks, encouraging
signs of progress have been seen, with discussions beginning between network members and beyond.

Research is in progress to assess the full value and impact of the network, and will be reported
in due course. We are currently in the process of developing a more widely accessible online resource to
access shared/developed materials, and these materials may be disseminated through journal
publication and via social media platforms (#DryLabs20).

CONCLUSION AND OUTLOOK

A new network for the consideration of dry labs has been established using collaborative
working tools. This has been of great benefit in building a community of like-minded educators around
the world. The challenges presented by the disparate needs and timelines of individual institutions has
hindered progress towards tangible outcomes, but we are optimistic this can be achieved as the
network matures. We invite readers of this special edition of the journal who share our vision to join

the network.
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