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eXtra Botany

Editorial

Running a research group in the next generation: combining
sustainable and reproducible research with values-driven

leadership

In the summer of 2021, we held a community workshop
at the International Congress of Arabidopsis Research
(ICAR) aimed at early career researchers and focused on
values-based lab leadership. Here, we elaborate on ideas
emerging from the workshop that we hope will allow cur-
rent and future group leaders to reflect on and adjust
to the rapidly evolving nature of the academic scientific
enterprise.

Emerging challenges faced by new
academic group leaders

New group leaders, including principal investigators, assistant
professors, and anyone else who recently began leading an in-
dependent research team, are faced with an array of challenges.
Many of these challenges are associated with an expansion of
responsibilities and expectations as scientists become group
leaders. Group leaders must identify, define, answer, and com-
municate research questions and results; secure, administer, and
track funding; and recruit, train, supervise, and mentor lab per-
sonnel. These tasks are usually overlaid with other responsi-
bilities including teaching, committee service, public outreach,
and more. Thankfully, most new group leaders have access
to mentorship and support from colleagues, staff, and others
who can help them navigate this substantial career transition.
However, some new group leaders are facing these challenges
alone. On top of it all, the face of science is constantly chang-
ing. Funding mechanisms, interdisciplinary research, the nature
of student training, attitudes towards leadership, and modes of
research communication have all undergone significant shifts
in the last decades. While new group leaders usually have ex-
cellent mentors for traditional topics, everyone is facing these
new developments in the research landscape.

Here, we aim to provide some guidance for new group lead-
ers on a subset of these challenges, based on a virtual workshop
held at the International Congress of Arabidopsis Research
(ICAR) during the summer of 2021 entitled: Running a
Research Group in the Next Generation. Inspired by questions

such as:“What does it mean to lead a research program?’, ‘How
can we make sustainable investments of our time, energy, and
focus?’, and “What does it mean to advance knowledge?’, we
have collected insights, best practices, and resources from the
workshop at ICAR 2020/2021.

Developing a vision for a sustainable
research program

Post-doctoral research is focused on completion of one or
several projects that culminate in peer-reviewed publications.
Time as a post-doctoral scholar is spent gaining diverse tech-
nical skills and honing expertise in a field of research. However,
a new set of skills 1s needed for group leaders to succeed. How
does one transition from a researcher who is busy doing and
interpreting to one who generates a research vision and fully
fledged research program for their independent group? Two
complementary approaches that have worked well for us are: (1)
to identify a problem or question that is intrinsically exciting
and develop a research program around it; and/or (i1) to iden-
tify sources of funding, and then consider how to develop a re-
search program that addresses the goals of that specific funding
agency. Of course, these are not mutually exclusive, and any
solid research program combines elements of personal passion
and more practical elements such as funding (Lai, 2022).
Future group leaders can begin crafting a research vision
even before they open their new labs (Spencer et al., 2022).
‘While progressing through post-doctoral research projects, fu-
ture group leaders can periodically assess the larger biolog-
ical questions for which they have passion. It can be difficult
to find the time to pause in the midst of all the experiments
and analyses, and to consider maintaining an avid interest in
a topic over the next 5-10 years, but this can be a rewarding
experience. Taking the time to understand why one is under-
taking a research project can help to maintain enthusiasm and
curiosity over time, and can help to guide the how and what
of future research projects (Sinek, 2011). The process of estab-
lishing a research vision is iterative and should be guided by
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critical and honest feedback from peers and senior colleagues.
Constructive feedback can help new group leaders refine their
vision by incorporating others’ opinions on logic and feasi-
bility. This cycle of review and reformulation of a research vi-
sion 1s fundamental to crafting a consistent research program
with carefully considered risks and benefits (Fig. 1).

Securing external funding is essential to sustain a fruitful
research program and training environment. Group leaders
should investigate local, regional, national, and international
research funding opportunities available to them via federal
or other funding agencies. What types of projects do organi-
zations fund? How long are funding cycles and when are the
key deadlines? What attributes of a project make it competitive
for funding? When writing a grant, formulate ideas into in-
dependent aims, ideally two to three, with hypotheses clearly
delineated, the methods outlined, and expected outcomes
listed. Writing good grants is an iterative process that ideally
incorporates feedback from multiple readers prior to submis-
sion. Institutes and universities typically have dedicated research
support offices that can provide assistance with grant writing,
compliance, and budgeting— investigate which grant writing
services are available, and take advantage of them. Similarly,
some granting agencies will offer direct advice on applications.
Determine if there are any preliminary data that could demon-
strate that this new research program has the means to succeed,
and which can serve as a nucleus for the first publications as a
new group leader. In addition, seed grants are available which
do not require extensive preliminary data and are meant to
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Fig. 1. Developing a vision for a sustainable research program.
Developing a research vision is an iterative, cyclical process. Throughout
the process, group leaders can establish systems for reproducibility

to ensure that sound conclusions are being drawn. At each stage that
requires prioritization, group leaders can prioritize using their values. For
example, when deciding which possible research project to pursue, a new
group leader who strongly values community or teamwork might prioritize
seeking funding for a project that involves a citizen science component,
while a new group leader who values innovation might prioritize securing
funding for a project with a strong potential for technology development.
This figure was created with BioRender.com.

initiate research programs; equipment grants are available to
support essential infrastructure; and some funding opportuni-
ties are available exclusively for pre-tenure faculty or to help
build new collaborations.

Many new group leaders have several exciting ideas for re-
search projects, but it is often advisable to start with a focused
research vision when funding is limited and new personnel are
being trained. It is valuable to consider how these different re-
search projects align with the lab’s mission, because this can help
new group leaders focus their research vision to make substantial
progress on their first funded project. Similarly, it is important
to exercise caution when fitting a proposal to a specific funding
scheme that deviates from the established research vision (Lai,
2022). Funding agencies typically assess: (i) the fit of the re-
search question to that outlined in the funding announcement;
(i1) the importance of the research question; (iii) the quality of
the research project including innovation, its transformative na-
ture, feasibility, time scale, risk analysis, and contingency plans;
and (iv) the track record of the applicant and/or collaborators.
Funded proposals where the research question does not match
the core ideas outlined in your lab’s research vision can lead to
dissatisfaction which can spill over into lab culture.

Values-driven leadership and establishing
lab culture

A values-driven approach to leading a lab can empower both
new and experienced group leaders to define how to focus
their time and effort on what matters to them; feel good about
making difficult choices about where to deploy their time, en-
ergy, and funding; and help foster an inclusive and equitable
lab environment.Values affect lab culture, training environment,
and research approach, and they also influence how success is
defined for a research team. Articulating values allows deliberate
influence on one’s leadership style and lab culture—this aware-
ness of what can be influenced and why is powerful knowledge.
Values are a person’s principles or standards of behavior; one’s
judgment of what is important in life (Tiberius, 2018). They are
different from goals, which are aims or desired results. Goals are
distinct from values, and should be derived from them, not the
other way around. It is important to recognize that everyone in
a lab has their own values and their own goals, and only some
of these will overlap with those of the group leader. We en-
courage new group leaders to identify their own values and to
consider holding an annual or biannual lab meeting where all
members of the lab do so as a group activity. Identifying values
is not a typical activity for scientists in training, so we have put
together a worksheet on one possible process (Fig. 2).
Importantly, values are just concepts until they are articulated
through actions. In our view, values can be used to establish three
things: posture, priorities, and practices. Posture means a partic-
ular way of dealing with or considering something; an approach
or inner attitude. One way to formalize a values-driven posture
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is to craft a statement. For example, mission statements or diver-
sity statements can help articulate established values and goals.
Once clearly stated, our values can guide how we prioritize
time, energy, and finances. All group leaders face a dizzying list of
tasks, and it is not possible to do all of them perfectly (Haswell,
2017). Aligning time and attention with values can help iden-
tify the things most important to the research group, and ensure
that time and energy are allocated accordingly. By keeping a
regularly updated list of top priorities in a prominent place, new
group leaders can track and focus on key goals that are aligned
with their personal values (Fig. 2). For example, if ‘supporting
lab members’is a top priority on your list and a student asks you
to review an abstract for a meeting, you would probably make
time for that as soon as possible. Whereas, if ‘administrative ser-
vice’is a lesser priority on your list and you are asked to serve on
another committee, you might decide to only do so if you are
already meeting your obligations in other higher ranked values.
Furthermore, understanding individual work rhythms and orga-
nizing projects with those rhythms in mind is key to effective
time management that can help multi-tasking group leaders.
Consider frameworks such as time blocking (Hakoune 2022),
the Quadrant Method (Nguyen, 2012), or the Shuffle (Kamoun,
2022) when learning to set reasonable goals and prioritize work.
There are regular practices that can help new group leaders
stay aligned with their values. State of the lab presentations,
social events, lab protocols and policy documents or wikis, lab
goal-setting activities, and individual development plans (IDPs)
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(Hobin et al., 2012; Klasek, 2019) for reflection and career pla-
nning all serve to formalize and externalize values. These can
be implemented into a yearly lab calendar, which can help
group leaders incorporate these practices into their lab culture
in a steady and predictable way. Because values-driven lead-
ership is a cyclic and iterative process and values may change
over time, ongoing reflection is necessary. For example, con-
sider whether values are reflected in the outcomes from the lab.
If not, adjust posture, priorities, or practices (Fig. 2). Honesty
is important—we are all human, we all make mistakes, but we
must be humble enough to learn from mistakes and grow.

Group leaders can encourage lab members to share their
individual values and work together to formulate outward-
facing postures that reflect the group’s values, such as a lab
code of conduct or a lab diversity statement. These exercises
can improve communication, promote shared understanding,
encourage teamwork amongst the group, and establish a lab
culture of collaboration and cooperation. Furthermore, com-
monly established and agreed-upon codes of conduct can set
standards for acceptable behavior in the group such as mutual
respect, teamwork, and transparent communication.

Establishing standardized workflows for
reproducibility

Reproducibility and transparency in research should be guid-
ing principles in science. However, almost 70% of surveyed

Identify Values Put Values into Action
Ask questions like: Consider words like: Posture Priorities Practices
What do | value? Innovation It is helpful to A group leader is State of the lab
Rigor articulate your values responsible for many, presentations
What do | want to Independence clearly. varied tasks, some of
teach my lab group? Prestige which are under your Onboarding and
Inclusion Consider creating and control. policies
How do | want to Structure sharing statements
change my field? Support on: Your mission Social events
Efficiency statement can help
What do | want to Collaboration Research Vision you decide what to Lab protocols
accomplish for my Control Lab Mission prioritize.
community? Compensation Mentoring Goal-setting activities
Merit Ethics How does your time
What do | admire Leadership Diversity and attention line up IDPs for reflection and
about other lab groups, Humility with your values? career planning
publications, or careers Creativity
I've observed? Soundness
Authenticity
What am | working to Fun
embody or bring into Justice
the world more? Consistency
Curiosity H
What do | want less of, Excellence REﬂ eCt on Va[ues and ACtlonS
or to avoid in my Sustainability
g:gé:;a?t:s;lgaa:é%n giil:g?tir Regularly assess whether your postpres_, priorities,
contributions? Democracy and practices reflect your values. Adjust if necessary.

Fig. 2. Establishing a value-based approach to leadership in research. Iterative cycling through identifying values, putting them into action, and
determining whether your actions reflect your values can transform a new group leader’s sense of purpose and agency. The steps are: (i) identify your
values; (i) formalize them into postures; (iii) use them to set your priorities; (iv) put them into practice; and, finally, (v) evaluate the outcomes and adjust
as needed. Readers are encouraged to search for expanded lists of values to reflect upon (several are available online). This figure was created with

BioRender.com.
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researchers report having trouble replicating either their own
findings or those of their peers (Baker, 2016). New group lead-
ers are ideally positioned to adopt tools and establish systems to
increase reproducibility in their labs, which can reduce time and
resources spent on replicating data. In addition, improving re-
producibility helps the wider scientific community by ensuring
other labs are able to replicate findings and build research upon
those findings. Key tools for reproducibility include those aimed
at better record keeping, project management, data sharing, and
dissemination within a research group, between groups, between
organizations, and within the larger scientific community (Fig.
3). There are a lot of digital project and lab management tools
available to help organize multiple projects that are quite ef-
fective (Powell, 2021). Scientific inquiry is increasingly a col-
laborative endeavor, and ensuring that other members of the
community are able to replicate experiments and findings is es-
sential for rapid research progress, especially within large, multi-
lab projects. Without organized resources within a lab, sharing
data, protocols, and material in a timely manner can be difficult.

Students and early career scientists come from different
backgrounds and may have little to no training in best practices
for data collection. Some of the easiest practices group leaders
can initiate to improve reproducibility within their group in-
clude standardizing rules for file naming and organization, and
training students on how to maintain a lab notebook. Lab files
should be available on a shared drive, accessible by at least the
trainee and the group leader, and should be backed up regu-
larly. A good file name is both human and machine readable,
and has sufficient detail for easy retrieval by a simple search
(Fig. 3). These features allow group leaders to curate and ac-
cess data generated by anyone in their team, past or present.
Similarly, folder structure can be organized by the name of
the funding organization (NSF-REPRO), data type (manu-
scripts, phenotyping raw data, codes), and file type, version (e.g.

Record keeping

Data management

Protocol/reagent sharing
between

groups

between organizations o
Data visualization

Publication models

within the community L
Data repositories

NSF-REPRO>Manuscripts>]XB-paper>V1). For all experi-
mental data, raw and metadata files must be included. Authors
are now expected by various funding organizations and jour-
nals, including here at the Journal of Experimental Botany, to
make their raw data freely available (National Institutes of
Health, 2020). Each lab can develop a set of file/folder nam-
ing rules that are appropriate for the type of research being
conducted; the specifics of the file naming rules should be de-
termined by the group leader and followed by all lab members.
It is important to clearly communicate these expectations to
trainees during the ‘onboarding’ phase, which is the initial pe-
riod during which new hires are trained in shared lab practices.

Undergraduate instruction in maintaining laboratory note-
books varies between institutions and labs, and extensive note
taking is not natural to many individuals. Historically, scientific
records have been maintained manually in paper laboratory
notebooks, which does not always meet current needs to text-
search or include attachments with raw data in electronic for-
mats. Electronic laboratory notebooks (ELNG) satisfy a number
of these requirements, but, just as with paper lab notebooks,
new trainees must be instructed on note taking standards and
provided with examples for clarity. Group leaders are encour-
aged to explore free and paid ELN options (Harvard Longwood
Medical Area Research Data Management Working Group,
2021) and choose one that suits their budget and needs, in-
cluding requirements for intellectual property protection such
as timestamping and archive functions. Group leaders who en-
sure that trainees have adopted these rules via regular check-ins
are more likely to ensure that these best practices for reproduc-
ibility are established and maintained.

A second set of reproducibility checkpoints pertain to data
sharing with colleagues and collaborators (Fig. 3). There are two
practices that are recommended—sharing protocols and sharing
reagents. Several platforms exist for standardized protocol writing

Example Project Directory Structure

Project 1

Readme and/or ELN link
Methods

Results
Experiment A
Raw data 20220624 _Project 1_RootLength_Treat001_SR

Analysis t * ‘ ‘ ‘

Experiment B Date Project Experiment Trial Researcher
Raw data

Analysis
Scripts
Manuscript

Example File Naming System

Specificity

Fig. 3. Establishing best practices for reproducibility. New group leaders are ideally positioned to build systems for reproducibility into their research
programs. Key opportunities to improve reproducibility exist when sharing research at different levels, such as within the group, between groups or
organizations, and with the community. For example, systematic file naming can enhance research sharing within a research group. This figure was

created with BioRender.com.
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(for example, Protocols.io, Bio-protocol, PLOS ONE Lab, and
Study Protocols). As a starting point, lab members should be
instructed to add as much information as feasible for each step
in a protocol. For example, including the purpose of an exper-
iment provides context, and including photos or diagrams and
time intervals for each stage promotes experimental replicability.
Include manufacturer, catalog number, and batch number for
reagents, as there may be minor to significant variations among
manufacturers and lots. In general, a good protocol is one that
can be considered an independent publication (Baker, 2021;
Daudi, 2022). Sharing reagents can be accomplished through ge-
neral molecular biology repositories, such as addgene or plasmids.
eu, and organism-specific repositories, such as TAIR, uNASC,
MaizeGDB, and other regional stock centers, where the re-
sponsibility for maintaining and distributing these resources rests
with dedicated personnel who charge a minimal distribution fee.
‘When appropriate, raw data and analysis code should be depos-
ited in data and code repositories such as Github/Zenodo, NCBI,
PRIDE, or similar, and this is increasingly becoming a require-
ment for publication in peer-reviewed journals.

The third tier of establishing reproducible lab practices (Fig.
3) involves defining standards for transparent science commu-
nication, whether to academic colleagues, policymakers, or
members of the general public. Lab members should be edu-
cated on effective methods of data visualization and given guid-
ance on where and how their findings can be shared to reach
a diverse audience. Before data are published, it is important to
consider the most transparent method of data visualization for
accessibility to a wide range of audiences (Weissgerber et al.,
2015). Many new trainees, for instance, may be used to seeing
data presented in the form of bar graphs, even though such
graphs are not always the most informative when it comes to
presenting continuous data. It is important to teach trainees the
appropriate statistical analyses to use and to assess sample size,
data distribution, and whether data are continuous or discrete.

Reproducible science is integral to open science, which advo-
cates for research to be made available to the scientific commu-
nity and the general public without paywall barriers. This enables
the free use of publicly funded research information by anyone.
While an increasing number of journals are adopting open ac-
cess publishing options, advancements in publishing are not re-
stricted to this area. New group leaders should keep an eye out
for ever-changing and new publication models for their datasets.
For example, the ‘registered report’ article type (which has re-
cently been adopted by several journals, including Plant Direct)
allows researchers to publish a peer-reviewed research plan, fol-
lowed by a manuscript describing the results. Publish, then review
models (as adopted by eLife; Eisen et al., 2020) involve making
manuscripts openly available as preprints before peer review.

Perspectives for the future

The unique challenges faced by early career researchers and
new group leaders have gained substantial visibility in recent
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years (Pain, 2018). Excellent new programs are providing much
needed support for this important career transition (for ex-
ample, the National Center for Faculty Development and
Diversity, New PI Slack, Making the Right Moves, EMBO
Lab Management Courses, Plant Postdocs, and Plantae).
Developing a coherent research vision can help new group
leaders attract and prioritize funding to support a sustainable
research program.Values-driven leadership can help new group
leaders consciously and wisely invest their time and energy as
they balance their new responsibilities. Developing frameworks
for reproducible and open science will make research results
more widely accessible and support the rapid advancement of
science.

As new group leaders spend time assessing their leadership,
mentoring, and lab management paradigms, they can also con-
template how they would like to be mentored. This should be
an active process. In addition to formal mentoring programs
that may be in place within a department or institution, con-
sider seeking out other mentors who may foster a supportive
relationship, provide an objective viewpoint on research and
funding opportunities, paths towards tenure or job security, as
well as the multitude of questions that can arise when de-
termining how best to mentor trainees. As no one person is
an expert in all of these areas, it is important to establish a
framework for professional support and mentorship to foster a
successful career that includes physical and mental well-being.

Beginning and continuously leading a research group can be
overwhelming, often coming with an untenable list of tasks to
perform and both an internal and external pressure to succeed.
Mental health initiatives are normalizing conversations about
the challenges we face in and outside of the lab. Prioritizing
health by accessing this support will help new group leaders
implement work-life boundaries and can enable a sustain-
able research career. In addition, diversity, equity, and inclusion
efforts and anti-racism initiatives are tackling systematic barri-
ers to participation and thriving in academia. New group lead-
ers are particularly encouraged to engage in these initiatives
to help shape workplaces and support their future colleagues.
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