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Peer-led group learning is a variation of collaborative learning and is based on
‘small groups of students meeting regularly with a peer — one who has additional
expertise in the subject matter — to work on problems collaboratively’ (Pazos,
Micari, and Light 2010). In this study, we explored how a Slack team environment
could be used in a blended course design to support students working remotely
on individual research projects, helping them in collaborative trouble-shooting
and problem-solving activities with their ‘near peer’. We drew on lessons learned
from an initial trial (2017-2018 cohort) to inform a revised peer-led research design
(2018-2019 cohort).

Our findings demonstrate the potential of collaborative platforms such as Slack
to support near-peer learning, providing distinct channels for questioning, ideas
sharing and agile problem-solving support in response to individual queries. The
peer-led support contributed to high levels of engagement with the project work
and deeper learning, helping less confident students to learn from group mem-
bers and achieve positive outcomes in their own project work. We discuss the
necessary conditions for effective peer-led learning to take place within a virtual
space — identifying the clear communication of instructional roles, socialisation of
students and responsiveness of near peers as factors influencing the adoption of
the targeted learning methods — which we addressed in our revised peer-led design.
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Introduction

Peer-led group learning as a variation of collaborative learning has become widely
adopted in science, technology, engineering and mathematics (STEM) disciplines as
a way of supporting research tasks and the development of problem-solving skills
(Wilson and Varma-Nelson 2016). This learning approach is based on social con-
structivist principles of knowledge building through interaction, involving ‘small
groups of students meeting regularly with a peer — one who has additional expertise
in the subject matter — to work on problems collaboratively’ (Pazos, Micari, and Light
2010). It represents a departure from teacher-centred instruction, offering students
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the space to manage their own learning and develop higher-order skills relevant to
future employment and lifelong learning (Evans and Cuffe 2009).

This instructional approach is commonplace in campus-based laboratory work
at the University of York, with near-peer demonstrators and academic staff on
hand to guide and provide additional practical advice to students on how to per-
form research tasks. Indeed, in longer practical projects such as those undertaken
by final-year students, participants are embedded in a research lab to individually
investigate scientific questions. Here they are encouraged to share protocols with
each other in small groups and obtain practical advice from postgraduate and post-
doctoral members of the lab, as well as discussing how to interpret and improve
their results. With a greater emphasis on flexible learning within our institution,
we were interested in exploring how this near-peer learning approach could be
supported remotely for ‘dry’ research tasks conducted outside the lab using online
learning methods.

We begin this article with a review of the literature on peer-led group learning
and the reported outcomes associated with this collaborative learning method. We
consider the literature on online support for peer-led learning and related collabora-
tive learning approaches and the technology that has been employed to support these
methods, before going on to describe a blended peer-led design for bioinformatics
research that we introduced at the University of York.

Literature review
Peer-led group learning

In STEM disciplines, students are often divided into small groups to perform a task
collaboratively, providing them with an opportunity to share and discuss ideas, knowl-
edge and skills. Peer-led group environments are typically characterised by high levels
of student participation and interaction and problem-solving, which are encouraged
through light-touch interventions by a facilitator responding to questions raised by
the group (Pazos, Micari, and Light 2010).

Research on peer-led learning has highlighted the role of the near peer or
peer leader in providing guided facilitation in team working environments (Quit-
adamo, Brahler, and Crouch 2009). Typically, this role is performed by a student
2-5 years ahead in their learning (Evans and Cuffe 2009), who has some expertise
in small group facilitation and tutoring and a commitment to supporting flexible
learning, rather than a subject matter expert who is directly involved in instruc-
tional activities.

Near-peer mentoring is reported to increase the interest and engagement of stu-
dents, as well as contributing to the personal, educational and professional growth of
mentors (Tenenbaum et al. 2014). Tien, Roth, and Kampmeier (2002) in a longitu-
dinal study of an undergraduate organic chemistry course have reported significant
improvements in student performance, retention, and attitudes for individuals who
experienced a peer-led team learning instructional approach. Guden and Bellen (2020)
in their study of the literature on peer-led learning in STEM disciplines found that
participants performed better than those in a control group, demonstrating enhanced
critical thinking skills and a better understanding of their subjects than those students
who had not adopted these study methods.
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Online support for peer-led group learning

Whilst this form of collaborative learning is well established in campus-based teaching
contexts (Anderson et al. 2015; Zaniewski and Reinholz 2016), little is known about
how we promote peer-led group learning through the use of collaborative learning tech-
nologies for students who are not co-located in a lab or work-based setting (Smith ez al.
2014). Of the most recent studies, Jeong et al. (2020) have explored how peer teaching
and interactive virtual learning in health sciences education may be supported by using
peer teachers, although impact data on this approach have not yet been published.
There is, however, a rich seam of literature on computer-supported collaborative
learning (CSCL) (Dillenbourg, Jarveld, and Fischer 2009; Lipponen 2002), which
demonstrates how technology may be used to mediate active and collaborative learn-
ing where students work cooperatively to research and find answers to problems (Chen
et al. 2018). There is also a related body of literature on peer assistants and their role
in supporting group learning. Murphy et al. (2005) have proposed a framework build-
ing on the teaching teams model developed by Stover et al. (2000), comprising the
instructor, teaching assistants and undergraduate facilitators who act as role models
to their peers. This model is a reciprocal framework for online discussions, which pro-
vides scaffolding for students to become facilitators of learning and suggests creative
ways for online instructors to manage different types of teaching responsibilities.

Technology platforms to support group-based learning

Chen et al. (2018) note that a variety of technology-mediated learning environments have
been developed over the years to support learner engagement in carrying out collaborative
tasks, ranging from online discussion tools to adaptive or intelligent systems and virtual
learning environments. Studies on CSCL initially explored computer-mediated communi-
cation such as discussion forums to promote group discussion (Walker and Arnold 2004;
Fischer and Mandl 2005). This progressed to a study of virtual environments (e.g. digital
games, virtual reality and computer simulations), which were deployed to promote con-
ceptual learning, problem solving and learners’ engagement and motivation (Yang 2015).

More recently, we have observed the emergence of social media sites and collab-
orative social learning platforms such as Edmodo, followed by a new generation of
team-based collaborative technologies: team-oriented sites (e.g. Google Sites), col-
laborative apps development and application projects led by students on behalf of
external clients (Gan, Menkhoff, and Smith 2015). Of this new genre, we have seen
the increasing adoption of team-based platforms such as MS Teams for collaborative
work within UK higher education (Voce et al. 2021), combining the conferencing
and messaging features of social media with file sharing and searching capabilities as
part of an integrated, cross-platform solution. Team-based platforms represent a new
industry-standard way of working online, with the scope to support individual and
collaborative research tasks within a shared virtual space.

In this article, we explore how peer-led learning project work may be supported
remotely as part of a blended learning design, drawing on the affordances of a team-
based platform — Slack. Our exploratory study investigates the experiences of final-
year life sciences undergraduate students at the University of York, who were exposed
to this learning design for the first time in their programme in support of bioinfor-
matics research tasks.
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Background to the study

Final-year undergraduate projects in the Department of Biology are independent
assignments spanning 16 weeks. Students are expected to carry out their own research
and data analysis, with guidance and support from academic and other relevant mem-
bers of the department. Students select topics based on a catalogue of titles and short
project descriptions and are assigned one of their choices. Committing the equivalent
of about 2 days per week to their project work, they are expected to generate their
own data or analyse existing datasets, with the aim of producing a written report for
assessment. Supervision of these projects is often delegated to another member of the
lab (such as a graduate student) who has expertise in the techniques being employed
in the project.

In addition to lab-based projects, students are offered bioinformatics topics for
their extended project work. Our own bioinformatics projects relate to the character-
isation of microbial genomes. Students are provided with large datasets and tasked
with mining these data in a variety of ways to gain insights into the potential biolog-
ical functions encoded in this information. Many of the tools required for this work
rely on Unix-based open-source bioinformatics tools hosted on a remote server. Inter-
acting with and manipulating data in this environment is essentially new to our under-
graduates at the start of the project. As part of their project work, students identify
the tools that best fit their research focus. This ‘dry’ research work can be conducted
in any location with good Internet access. Typically, students are not required to be
co-located for this work (Figure 1); this restricts the opportunities for collaboration
and team-working that they might experience during a lab-based project, which are
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Figure 1. Traditional teaching model for ‘dry’ lab projects. An individual academic has
one-to-one interactions with individual students who work independently on project
work. This may be supplemented by weekly plenary meetings.
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viewed as key transferable skills that students need to develop as part of their profes-
sional skills development (Fahnert 2015; Lategan 2016). Traditionally, collaboration
has been hard to realise, with students working independently using different tools to
analyse their data — often resulting in them getting stuck in different places, sometimes
for significant amounts of time for trivial reasons such as syntax errors. This can lead
to frustration, with students having to schedule meetings or rely on individual email
discussions to resolve issues and move forward with their project work.

Introducing peer-led group learning to research projects

To address student engagement in knowledge-sharing and trouble-shooting on tech-
nical aspects of dataset analysis, we redesigned the project work for our 2017-2018
cohort of six project students. The revised approach introduced a peer-led group
design to their research activities, providing one near-peer postgraduate research
student to facilitate students working remotely on data analysis tasks. Students
were briefed that the near peer was familiar with the Unix environment and could
support them with programming issues. We hoped that by encouraging students to
work collaboratively with their near peer and fellow researchers, they would assume
responsibility for managing their own learning, rather than seeking assistance from
academic staff, and could carry out this work remotely. In this way, the students could
gain experience of the type of team-working and time management that they might
encounter in a professional laboratory environment.

To support this approach, we introduced a blended design to project work. This
was based around the use of industry-standard collaborative tools for remote study,
enabling students to work at their own pace from any location in the undertaking
of their research activities. We provided them with access to a shared Google team
drive as a repository of project information, results and supporting literature. We also
provided them with access to Slack (https://slack.com/intl/en-gb/) — a departmentally
managed collaboration platform with dedicated team channels. Slack offered students
the opportunity to share their research results in an instant and informal conver-
sational manner through the supported messaging channels and file-sharing toolset
within a secure environment. The platform also generated alert ‘push’ notifications
for new messages — incorporating one of the key capabilities of social media within
an integrated, cross-platform solution. We felt that this feature would help to support
the spontaneous information sharing and trouble-shooting behaviour that typically
occurs in labs, which we wished to replicate within the online environment. Whilst
we did not set any participation standards for Slack, the platform was presented to
students as the preferred location to ask and answer questions.

With secure access to bioinformatics tools, hosted on a computing cluster via
a virtual private network, the project work could be undertaken almost exclusively
off-campus. The only expectation was that students would attend weekly face-to-face
group meetings on campus (1-2 h per week) with the near peer and academic staff.
These meetings were used to monitor student progress, during which students pre-
sented and discussed their data, raised questions on the project work and discussed
research papers as part of a journal club. All other work (equivalent to 2 days per
week) could be carried out at any location with an Internet connection. The flexibility
of this blended approach was intentional, enabling students to manage their individ-
ual research projects in a way that suited them best.
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Trial of the peer-led learning design (2017-2018)

The peer-led design was first introduced to a cohort of six project students in the
2017-2018 academic year, who had no prior experience of this way of working online.
Only one participant had used Slack as a collaborative environment before the start
of this course. Over the project, we observed a lot of instructional activity, but only
limited peer-to-peer interaction taking place online, with much of the commenting
focused on solving technical problems rather than discussing biological questions.
In this iteration, we failed to clearly define the role of the near peer to the students,
presenting her as another instructor.

Near-peer interactions were further confounded by the academic staff emphasis-
ing the technical challenges associated with the projects and being highly responsive
to collaboration platform queries. Thus, despite encouraging these students to share
the problems that they faced in their individual research with group members and the
near peer, interactions were less frequent than we had hoped with a lot of direct mes-
saging to academic staff, who were the most active users of the Slack environment.

Figure 2 reflects this behaviour, showing academic staff as the leading contrib-
utors to the environment in terms of total number of comments made; academics
also accounted for the highest aggregate total of collaborative and critical contribu-
tions that we tracked within the system (see Supplementary Figures Sla and S1b).
We noticed that the near peer contributed to resolving a number of questions posed
by the students, but this help was limited by the scope of the original projects which
did not match her expertise.
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Figure 2. Weekly totals of comments by academic staff, the near peer and students in
our initial study (2017-2018). Key phases of the project are indicated. Academic staff
contributed most comments throughout the process, including many instructions during

orientation and in support of research. The near peer contributed but was able to answer
relatively few technical questions due to a lack of relevant project knowledge.
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Revised ‘near-peer’ implementation for 2018-2019 cohort

Using these learning points, we adjusted the project design by introducing two
near peer postgraduate research students with more research expertise to the
2018-2019 cohort of seven students, who were each given their own dedicated
channel within Slack to facilitate project work. We delegated further responsibility
to the near peers by offering research projects in which they had direct expertise
and could provide both academic and technical direction. We provided students
with a free choice of one of three research topics (two led by near peers, one by
academics) which resulted in an even division of the students between the groups
(Figure 3).

The students were specifically instructed to meet their project ‘adviser’ (either a
near peer or academic) within the Slack environment and use them as a first point of
contact for queries and discussion between formal meetings of the whole group. Near
peers were instructed to escalate questions and issues only if they were unsure of the
correct response. All questions were considered to be valid and a specific emphasis
was placed on experience sharing and collaborative troubleshooting, enabling stu-
dents to analyse, assemble and annotate the provided genomic data.
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Figure 3. Revised ‘peer-led’ blended learning design for dry project work (2018-2019).
Duration and number of instructional hours remained the same as in 2017-2018. From
the cohort of seven students, three groups were formed with individuals assigned to
groups based on their choice of project subject. Each group (consisting of three, two
and two students, respectively) was linked to a near peer or academic based on subject
expertise. A hierarchy was introduced: students would seek help from their group
supervisor in the first instance, with the understanding that near peers would escalate
questions to the academics where appropriate.
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Research methods

This article presents findings from the delivery of the revised peer-led learning design
to a cohort of seven UK and international students over the 2018-2019 academic year.
In this exploratory study, we sought to gain a rich picture of students’ engagement
with the course design methods through a mixed-mode evaluation design, addressing
two key research questions:

1. Can project students engage effectively in peer-led learning through a blended
design approach?

2. How suitable is Slack as a collaborative platform in supporting peer-led group
learning online? Specifically, what affordances do the Slack tools offer for
knowledge-sharing and problem-solving for students who are not co-located
in the conduct of research tasks?

Ethical approval was granted by the Department of Biology Ethics Committee for our
research, which tracked students’ use of Slack and their posts within the group chan-
nels of the environment. We measured student engagement by reviewing the weekly
totals of comments within the Slack channels over the course of the project work,
distinguishing between group and one-to-one messages to fellow students, near peers
and academic staff, whilst also reviewing the different categories of contributions that
were made by participants. We combined these data with focus group feedback to
build a picture of how students made use of the Slack environment, which, in turn,
provided insights into the suitability of the platform to support peer-led learning.

Evaluation approach

Evaluation focused on the nature of group interactions within the virtual space for
peer-led learning. The unit of analysis for online contributions was a comment posted
either within a near-peer group channel or the plenary channel of the Slack environ-
ment. A comment could contain multiple ‘units of meaning’ or categories of cogni-
tive thinking within each post; it could be coded in multiple different ways based on
the length and complexity of the message. To evaluate the comments, we used Fox
and Mackeogh’s 16 categories of cognitive thinking (Fox and Mackeogh 2003). This
framework maps closely to the stated objectives for the peer-led learning in addressing
evidence of self-directed research (sharing of resources) and of skills ranging from
opinion forming (declarative statements) to higher-order cognitive skills (articulating
and explaining, critiquing and challenging ideas of others).

Quantitative research methods were used to track the frequency of comments
posted in each group Slack channel and the plenary channel. Each entry was assessed
and coded twice by independent researchers. Discrepancies in coding were discussed
and agreed. Coded data were analysed and results plotted using a custom Python
script (see Supplementary Material for the code). Finally, focus group interviews were
conducted by an independent researcher with students at the end of the course to
probe their accounts of the learning that had taken place online. We subsequently
combined the categories of comments that we had coded in groups to show differ-
ent modes of participation, adapting a categorisation method on coding data devel-
oped by Rodriguez (2014). We collated the data from the coding of categories such as
‘acknowledging contributions’, ‘offering resources’ and ‘asking questions’ together to
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form a meta category for collaboration. We also grouped together the data from high-
er-order cognitive behaviours such as ‘proposing actions based on developed ideas’,
‘supporting positions on issues’ and ‘re-evaluating personal positions’ to form a meta
category for criticality. This was done to give a clearer picture of the communication
activity that was being recorded in Slack and how it evolved over the 16 weeks that
students were engaged in their project work. The breakdown of categories is pre-
sented in Supplementary Table Al.

Insights from this research have helped us to identify a set of conditions for effec-
tive peer-led group learning to take place within a virtual space, which are presented
in the discussion section.

Results

Our tracking of engagement patterns between students, near peers and academic staff
over the 16 weeks of project work (17 October 2018 to 15 March 2019) revealed three
key phases of online activity, namely:

Phase 1 (weeks 1-6 ): setting up and orientation: familiarisation with project work
requirements, literature searches and transition to the near-peer study model
Phase 2 (weeks 711 ):identification of bioinformatics tools and coding approaches
and their application to project work

Phase 3 (weeks 12—16 ): sense-making of coding output, including the review and
write-up of research findings.

Interaction data (Figure 4) reflects the weekly totals of comments posted within Slack
by students, near peers and academic staff. The graph shows the steady build-up of
activity of the course from week 3 onwards, after students had received initial training
on the project work and tools that they would be using in the opening weeks. There
was a sharp drop-off in activity over the Christmas holiday period (week 8) and also
in week 11, when students were busy completing data gathering activities before com-
mencing the write-up of their findings, which led to a surge in messaging as students
got to grips with sense-making of their data and identification of key findings.

Table 1 provides a breakdown of commenting activity for each student and dis-
plays the total number of messages recorded in the different Slack channels — distin-
guishing between group and one-to-one messages. The table reveals that participation
levels varied between the three sub-groups, with the first two groups being the most
active users of the group channels, whereas the participants in group three communi-
cated far less together, with one student (Male 5) preferring to use direct messaging to
the near peer rather than share ideas and questions within the group or general chan-
nels. Messaging activity and the type of messages posted varied between individuals
for a number of reasons: time pressures (such as the stage of the project), priorities
concerning how important an individual considered their question or comment and
where students were on their individual learning curves:

when you are new to this and new to coding and you are dumped with an unimag-
inable amount of data it can be quite overwhelming to start with ... but I mean,
we did make progress eventually, but it is two or three things, such a steep learning
curve at the beginning. (Male participant 3)
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Figure 4. Aggregate weekly totals of comments by staff, near peers and students
(2018-2019), displaying their total interactions within the Slack environment. In contrast
to the activities observed in the previous year (Figure 2), the proportion of near-peer
interactions greatly increased across the whole period. Academic staft were able to
refocus their efforts into promoting thinking about biological interpretation during the

research phase of the projects.

Table 1. Breakdown of commenting activity by individual participants via group and individ-
ual (direct messaging) channels within the Slack environment. Comments were classified as
‘general’ if they were addressed to the whole cohort, ‘group’ if they were posted to a specific
channel within Slack and as ‘one-to-one’ if they were sent privately (and were therefore not

visible to other users).

Participant/group General Group One-to-one One-to-one
communications communications communications communications
(to instructor) (to near-peer)

Male 1, Group 1 19 59 0 0
Female 1, Group 1 21 63 6 7
Female 2, Group 1 11 78 35 50
Male 2, Group 2 8 23 0 1
Male 3, Group 2 2 20 33 0
Male 4, Group 3 11 10 0 4
Male 5, Group 3 0 3 5 34
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Students who made more rapid progress in their project tended to seek answers that
were then of benefit to their peers when they reached the same point.

Phase 1 (weeks 1-6): setting up and orientation

Figure 4 shows how academic staff were the leading contributors to Slack at the
beginning of the project, setting out parameters for research tasks and how students
would work together. This was not entirely unexpected, given that the cohort had
not conducted research tasks of this size in the first and second years of their study
programme. The scale of the research task, the focus on bioinformatics and use of big
data represented fresh challenges for the cohort. Additionally, the way that students
were expected to work in near-peer groups was entirely new and required some adjust-
ment by them in terms of their study methods. This involved a change in mindset from
collaborative working in which group members all contribute to a shared project brief,
to independent projects with individual accountability:

... we are working as a group and can bounce ideas off cach other, at the end of
the day the work is ours ... it is reflective of our efforts and our work ... you have
to perform as you are doing your own work. (Male participant 1)

These factors may account for the slow adoption of the Slack environment by students
in the early weeks of research work, mirroring the same behaviour we had observed
with the trial group (2017-2018), as illustrated in Figure 2.

Phase 2 (weeks 7-11): tools selection and application to project work

We observed a change in the usage of Slack midway through the project work during
weeks 7-11, with near peers taking the lead in posting comments in their dedicated
project channels. This marked a departure from what we had witnessed with the
2017-2018 trial group, with the 2018-2019 near peers and their project students far
more engaged online. Each group had its own coding challenges, which required
different learning curves — with some requiring detailed knowledge of Unix and
command lines. We saw this reflected in a greater level of questioning from students
and trouble-shooting during this period, which peaked as individuals made progress
with their research.

Figure 5 shows how collaborative exchanges between near peers and students
peaked during this period. The role of near peers was important in this phase of
project work in helping students to make sense of the bioinformatics tool-set, guiding
them on how the tools could be used in their research projects. The postgraduates had
direct experience of using the data models and tools to support their own research and
so had recognised expertise in these domains, as illustrated in the exchange between
Near Peer 1 and students (Figure 6).

Phase 3 (weeks 12-16): sense-making of coding output

Figure 7 shows how the volume of critical comments peaked during this latter phase
of project work, with near peers being the most active participants in the Slack chan-
nels. Contributions from academic staff dropped off during this period, with students
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Figure 5. Aggregate weekly totals of collaborative comments by academic staff, near peers
and students (2018-2019) within the Slack environment, revealing a significant number
of contributions by students and near peers.

® |Female11:20PM March 1st, 2019
m The joh is still running but | had a peek at the files and the errorsummary.val file is still popping up. Some of
the prokka files are made so | can work from those, but it's not finishing the process to make the hatmap

npl 1:33PM
@ The errorsummary.val file is a normal file, and the problem isn't with prokka it's with the heatmap.
I'm confused, you've said the job is still running but it hasn't made the heatmap? The heatmap is the last
thing to be made, so won't be made untill the job is essentially finished?

Female13:05 PM

g | didn't get the errorsummary.val file for any of my previous jobs that worked and made the heatmap. Last
night it came up for the first time in the Prokka folder for each bin/organism. I've checked previous
ANALYSIS directories that worked and they do not have an errorsummary.val file. With the job | ran today, |
saw that the errorsummary.val was appearing again and assumed it meant that it wouldn't work. The job
has completed now and failed again to make the heatmap and it is not making the prokka .gbk file. Sorry for
the confusion. I'm not sure why it is struggling with the module “fastcluster” (edited)

Female 2 3:41PM
@ Actually that happened to me as well

npl 5:40 PM
& ) The errorsummary.val file doesn't really mean anything, or at least not in the context of what we're doing. Is
it making the prokka gbf file?

Is it making the tsv file that the heatmap is based on

Is the error with "fastcluster” from the job you ran today the reason it's not making the heatmap
Figure 6. Screenshot of a collaborative exchange between Near Peer 1 and project students.
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Figure 7. Aggregate weekly totals of critical comments by academic staff, near peers
and students (2018-2019) within the Slack environment. Near peers were very active in
promoting critical thinking by students as the research progressed.

and near peers the most visible in terms of messaging volume and the collaborative
nature of exchanges. This review phase was characterised by sense-making of the
coding output that participants had generated, with near peers facilitating discussion
of results emerging from each individual research project. Figure 8 provides an illus-
tration of a sense-making exchange between Near Peer 1 and project students.

Discussion — role of the collaborative environment in supporting peer-led learning

Our data for the revised design highlights how the 2018-2019 cohort engaged in infor-
mation sharing and trouble-shooting within Slack as their project work progressed.
The breakdown of commenting activity in Table 1 revealed how participation levels
differed between individuals within project groups. We posit that this may be attributed
to varying levels of confidence with the project work, as well as initial unfamiliarity
with the supporting technology. This resulted in some students taking more time to
engage with Slack and adapt to the peer-led learning approach for remote working:

There were a lot of problems at the start getting everything running and it took
a few months to get things sorted. I was battling with code and technology,
when from a biological background, it was hard to get past at the beginning.
(Female participant 1)
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npl 1:05PM February 14th, 2019 ~
& | umm nope | have no idea!

A couple of ideas: How big are they? Are they going into the ANALYSIS folder at the start of the pipeline?
or where are they getting "lost"?

. Female11:50 PM

It doesn't look like a size issue since they're all quite similar. | ran it with just the 7 genomes, the update file
said “finished processing 7 of 7 bins” for several steps. It seems to be doing stuff with them, but the final
pdf only comes out with the 2 organisms like before. | redownloaded the genomes in the .fa format instead
of .fna, and converted to .fasta and the same thing happened. Could | please pop in briefly today if you're
free to show you the error file?

Femalel2:17 PM
Sizes range from 1800 - 4900 KB. The two genomes that are showing up are the smallest and third smallest
genomes

npl 219 PM

E Ok so checkM is finding them which is good. Is prokka annotating them? You need to work through the
pipeline in steps and see why they're not getting to the end.
Sorry I'm busy this afternoon and tomorrow

. Female12:33 PM
2 J Thanks, | think I've found the issue!

“Genbank contig IDs are 40 chars, must be <= 37." Is written below all the ones that weren't used. If the
contig names are too large, I'll try to fix this by reducing the file names for the genomes and hopefully on
Monday I'll be able to show you it working :)

npl 3:53pPM

(This accidentally might be a good organism for testing as it definitely has the succinate pathway. | found it
by going to KEGG organisms and searching for organisms with "propi" in their names (thank the biologists
for simple organism naming)

® |Femalel3:53pm
m Oh that's very helpful, thank you! It looks like Desofobulbus propionicus has the genes for every step to
make succinate although this isn't fully reflected in the heat map. I'll double check what I've done!

Currently it's only at a bright red instead of dark

npl 3:54 PM
@ Sorry | hadn't noticed you'd already used it!

Yes, it's probably just an alternate gene names used by prokka and KEGG

. Female14:16 PM

I've looked through the Prokka file for Desofobulbus and | think | found the alternate gene name for
methylmalonyl-coA mutase. My pathway has mutA and mutB, but here it's "scpA_1" Just checking I'm on
the right track, should | add "scpA_1" into the pathway? (edited)

Figure 8. Screenshot of a critical exchange between Near Peer 1 and project students.

We observed that after the initial setting-up phase, interaction patterns increased in
volume, with near peers assuming a key role in providing primary support to facili-
tate student learning. This enabled academic staff to assume a less prominent role in
driving messaging activity and refocus their efforts on ensuring additional value from
their supervision of the projects, for example, by using directed questions to encour-
age students to consider the implications of their results in the context of underlying
biological principles. We also observed how students’ posts evolved as the research
projects developed, reflecting a greater level of criticality in the discussion of data and
preliminary findings. These behaviours were consistent with our aims for the peer-led
research work (research question 1), with participants engaged in knowledge-sharing
and trouble-shooting on technical approaches to individual project work, as intended
through our blended learning design.
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Through focus group discussion, we sought to understand how these student
behaviours were supported within Slack (research question 2) — considering the degree
to which the collaborative tool-set matched the way that students wanted to work
remotely. Over the project work, Slack was most commonly used by students for
file-sharing and messaging. There was no formal induction on how to perform these
tasks, as they were deemed to be intuitive:

(Slack)’s very reflective of our generation — almost every type of social media
platform you have these days has some sort of chat function in it. They all work
pretty much the same, so it’s just another phone, we can easily see how ... you
know how the buttons work because you’ve seen how everything happens before.
(Male participant 1)

Participants viewed it as an ideal environment to highlight problems and to seek
instant support from their peers at point of need:

One of the things about Slack was that you could quite easily send screenshots
across, so when we were talking to (Near Peer 1) for example, and saying I am
getting this error and she says ‘Can you send me a screenshot of this page?’, and
then you can and she can see exactly what is going on and you can get a very quick
response on how to fix it, instead of having to battle with the code by yourself and
get nowhere. (Female participant 2)

Students were encouraged to use it as a messaging service to post questions within
both their group and the shared channels for all researchers to view. In this way, Slack
replaced the private group chat tools that participants had been accustomed to using
to manage their informal learning, such as Facebook Messenger and WhatsApp —
offering a more inclusive environment which enabled all students, near peers and aca-
demics to take part in shared discussions:

Lecturers and professors are part of that discussion (on Slack). It meant that we
didn’t have to send emails separately to them which is nice. (Male participant 4)

Slack was viewed by students as a more professional environment than social media
sites to share progress and updates:

Slack is slightly more formal than Facebook. It is about sharing things, rather than
building a whole profile. Slack is more of a tool, Facebook is more of a site. The
only reason to use Facebook would be to ask a stupid question which the lecturer
can’t see, but you can still do that on Slack through individual direct messaging to
(the instructors) or someone else within the group. (Female participant 1)

Importantly, the environment also provided a searchable repository for all individual
and group correspondence with a feed layout of messages — a feature not available in
social media and email tools that students had used before:

It is easy to keep a record of what’s been said, whereas normally if you use G-Mail
it’s quite easy not to keep track of conversations, especially group conversations.
(Male participant 2)
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Indeed, the technology complemented our efforts to develop a sense of learning com-
munity between students, offering enhanced opportunities for shared learning both
within and across the project groups —a point highlighted in the focus group feedback:

I think we worked quite well as a group (with) different people making little sub-
groups based on the projects but also talking to each of us a whole, getting advice,
or asking general questions. (Female participant 1)

This shared learning experience was perceived to be different from working practices
in other ‘wet lab’ dissertation groups, ‘where people don’t really talk to anyone else in
their group and work individually, having no idea if they are going in the right direction’.
(Female participant 1) The peer-led group learning was viewed as a supportive way of
progressing individual projects:

It kind of gives you the support that a group work gives you, because you have
many other people to consult and to get advice from, but then it also pushes you
to do your own work as you have to do your own work — it is dependent on you
alone. (Female participant 1)

For less confident participants, engaging with the shared messaging and transparency
of the environment was initially quite challenging. Individuals noted that they felt
that it drew attention to their lack of progress whilst others got to grips with their
project work. However, the affordances of the shared environment came to the fore
later on in the project work, enabling them to search through previous messages for
solutions that other participants had discussed and apply this shared learning to their
own project work:

(With Slack) If you want to find a message which was useful which was sent a
month ago, it’s easy to find it. (Male 2 participant)

You may see someone makes a point or ask a question which at the time you don’t
think is relevant, but later on you can come back to it ... actually I can probably
make use of what that answer was ... that will just spark something that you can
look at. (Male 3 participant)

The ability to review previous discussions was deemed to be particularly useful by one
of the less active project students, serving as a valuable reference point and stimulus
for personal discussions with his near peer:

. when I finally engaged with it, it was also an extremely useful resource. It
saved time on common problems, highlighted important literature, and offered a
method of communication with (Near Peer 2). This was useful as I was scared to
ask questions publicly, but getting direct help and feedback from one person was
a much lower psychological hurdle. (Near Peer 2) helped keep me motivated and
was ultimately vital to me finishing my project. (Male participant 5)

This reflection highlights the observational learning activity that students were
engaged in over the project and underlines its benefits for individual project work. It
also indicates that the range and volume of communications in Slack were far greater
than the interactions that we were able to track in the plenary and group channels,
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with direct messaging between individuals and near peers also taking place through-
out the project work. This suggests that students were highly engaged with the project
work and that Slack served as an effective location for shared learning to take place.
In this way, the blended design enabled peer-led learning to flourish, despite the dif-
ferences in the range of individual projects and the pace at which students progressed
with their own research activities.

Factors influencing student reception of the near-peer learning design

Drawing on our experiences in designing peer-led project work and the combined data
and student feedback from the trial (2017-2018) and revised (2018-2019) courses, we
propose the following conditions which appear to influence student acceptance of the
blended peer-led learning model:

Effective communication of roles and responsibilities: a clear demarcation of academic
staff/near peer roles and responsibilities was communicated to students in the revised
design during an oral briefing at the beginning of the project — correcting the blurring of
roles from the 2017-2018 course. This was based on emphasising the close alignment of
near peers’ research expertise to the project briefs for each group. By explicitly acknowl-
edging near-peer expertise and familiarity with the bioinformatics tools in the project
brief and their group facilitation role, we provided a rationale for students to share
issues within Slack project channels, rather than seek direct support from instructors.
Students were strongly steered to use Slack rather than email and actively encouraged
to join the relevant group channel as well as the general project channel. This appeared
to encourage students to engage in peer-to-peer problem solving.

Socialisation of students to the peer-led learning model: greater attention to social-
isation of students was addressed in the revised course, with the two supervising aca-
demics modelling use of the environment — directing questions and answers through
the Slack channels, encouraging students to discuss and share findings with their near
peer first before escalating issues to academics as part of the hierarchy model, with
academics holding back responses to direct email requests for help. The attention to
modelling aligns with previous studies that have demonstrated the impact of instruc-
tor behaviour on learner acceptance of new online study methods (e.g. Walker and
Baets 2009; Webster and Hackley 1997). By establishing an agreed protocol for how
students should use the shared environment, participants were encouraged to engage
in a dynamic approach to problem-solving.

Effective facilitation of group learning: greater attention was paid to near peers’
group facilitation responsibilities in the revised design for the 2018-2019 course. The
highly responsive and supportive nature of near peer contributions within group
channels was subsequently remarked upon by students, who reported that this was
influential in their use of Slack, establishing it as a safe space to raise queries and
share progress:

You might ask a question on a Friday afternoon. If you had done that with an
email, you wouldn’t have got an answer back until the Monday afternoon. ...
Having that instantaneous linked response is nice ....We did not expect that.
(Male 1 participant)

Students also highlighted how direct messaging to near peers could be used to
test unformed ideas or questions, before sharing them with the wider project group.
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This feedback underlines the importance of near-peer interventions in stimulating
student interaction, encouraging less confident students to share ideas and issues
within the collaborative environment and treat it as a safe space to do so, corrobo-
rating the findings of previous research studies (e.g. Smith et al. 2014). Our findings
highlight the importance of near-peer preparation to help these more experienced
students perform this role within a virtual space — echoing findings from previous
studies of peer-led learning for campus-based courses (e.g. Evans and Cuffe 2009;
Quitadamo, Brahler, and Crouch 2009) that have stressed the need for orientation
on small group dynamics and learning theory. We may also draw parallels with the
literature relating to online peer assistants (Murphy et al. 2005; Stover et al. 2000),
which has highlighted the need for scaffolded training to help students become
effective facilitators of learning, developing their group facilitation skills. Building
on this research, our findings suggest a requirement for near peers to develop a
conversational rather than directive mindset to assist students with the transition to
peer-led learning methods.

Limitations of the research

Our research was exploratory in nature and conducted with a small group of stu-
dents and without a control group. The emergent conditions for student engagement
with the blended peer-led learning design that we identified have not been empirically
tested, and we cannot point to a direct causal relationship between the changes made
in the 2018-2019 design and the student engagement patterns that we observed. Con-
trol measures would need to be put in place to determine their impact on interaction
patterns, focusing on variables such as group size and the number of available facilita-
tors and instructors to support student learning.

Conclusion

Whilst acknowledging the limitations of this small-scale exploratory study, it rep-
resents one of the first to explore how peer-led learning methods may be supported
through a blended learning design and specifically through the use of a team-based
platform. The research is insightful in demonstrating the potential of Slack to sup-
port interaction and problem-solving in contexts where students are conducting
independent research projects remotely. Cohort feedback highlighted the value of
Slack’s distinct channels for questioning and ideas sharing, with participants not-
ing the impetus that ‘push’ notifications gave to highly agile problem-solving of
individual project queries, which was facilitated by the more experienced postgrad-
uate research students. This, we contend, led to better student engagement with
project work and deeper learning, with all students moving on from discussing
purely technical problems to asking more probing and reflective questions con-
cerning their results as they made progress with their projects. All students success-
fully completed their assignments on time. We also observed how the collaborative
design helped less confident students to learn from their peers and achieve posi-
tive outcomes in their own project work. Access to the records of peer, near peer
and instructor problem-solving discussions provided easily accessible support for
individuals who did not progress their projects at the same pace as the majority of
their cohort.
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Given the current Covid-19 context (Marginson 2020; Rapanta et al. 2020),
with restrictions on campus access to lab environments, a blended design approach
presents an alternative and more flexible way of supporting students in the con-
duct of research tasks. Research projects can be conducted at a location and pace
that suit individual students, and through facilitated support, they may be under-
taken largely independently, with reduced dependency on the course instructor for
guidance and control of the learning process. From an employability perspective,
the design approach also encourages the development of transferable soft skills
such as problem-sharing and problem-solving within groups, which are key to how
professional lab environments work (Fahnert 2015; Lategan 2016). We suggest
that both the design approach and collaborative technology may be transferable
to other disciplines and teaching contexts beyond life sciences — helping students
to acquire valuable problem-solving skills whilst actively engaging them in the
learning process.

Future research directions

We intend to test the revised design approach with future cohorts, paying particular
attention to the conditions for student engagement to assess whether these are deter-
mining factors in student acceptance of the targeted learning methods. This would
also investigate group sizes as a variable for effective interaction with a near peer.
We are also interested in applying near peer methods to different programmes and
cohorts, including postgraduate taught students, to see how they may transfer to dif-
ferent disciplinary contexts.

We acknowledge that whilst this study explored the use of Slack as a supporting
environment for near-peer learning, other collaborative technologies (e.g. MS Teams)
could perform a similar supporting role and a future study could explore the affor-
dances of different platforms and how they best complement this learning design
approach.
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