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The Research Journey: An
Introduction

WHAT IS THE RESEARCH CYCLE AND
WHY DOES IT MATTER?

Science does not happen in a single flash of insight. It unfolds
through a repeating, self-correcting process in which
questions give rise to investigations, investigations produce
data, data become findings, and findings generate new
questions. This cycle — sometimes called the research cycle,
the scientific cycle, or the knowledge production cycle — is the
structural engine behind every paper published, every clinical
guideline written, and every medical breakthrough
announced. Understanding it is not merely an academic
exercise; for anyone entering the life sciences, grasping how
the cycle works is as foundational as understanding the cell or
the molecule.

This handbook is designed to walk you through that cycle from
beginning to end. Whether you are a first-year graduate
student confronting your first literature search, an
undergraduate preparing a research proposal, or a
postdoctoral fellow trying to understand how your daily bench
work fits into the larger scientific enterprise, the chapters that
follow trace the path from the initial spark of curiosity through
study design, data collection, and analysis, all the way to
publication and the measurement of impact. Each stage of the
cycle receives dedicated attention, with practical guidance for
the tools, norms, and decisions researchers encounter along
the way.

The research cycle is cyclical rather than linear for good
reason. A well-conducted study typically closes with a section
of the paper dedicated to identifying the limitations of the
work and the questions it leaves unanswered. In this sense,
the end of one project is always the beginning of another. New
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findings are incorporated into the existing body of literature,
refining or sometimes upending the consensus, and the next
wave of researchers builds on what was learned. This
cumulative nature of science means that no single study is
decisive; knowledge accretes gradually through replication,
refinement, and synthesis NASEM 2018.

A LIBRARY PERSPECTIVE ON
SCIENTIFIC RESEARCH

This handbook is written from a library and information
science perspective, which means it pays particular attention
to three themes that often receive insufficient coverage in
standard methods courses: access, information literacy, and
scholarly communication.

Access refers to who can read the scientific literature and
under what conditions. For much of the twentieth century, the
results of publicly funded research were locked behind
subscription paywalls, available only to researchers at well-
resourced institutions. The open-access movement has
challenged this model, and today a growing proportion of the
peer-reviewed literature is freely available to anyone with an
internet connection. But access is not only a matter of
economics; it also includes the discoverability of research —
the degree to which a study can be found by those who need
it, cited by those who build on it, and reused by those who
want to extend it.

Information literacy is the set of skills that allows researchers
to find, evaluate, and use information effectively. In an era of
information abundance — where PubMed alone indexes more
than thirty-five million citations and new preprints appear by



the thousands every week — the ability to navigate the
literature critically is not optional. It is a core competency. This
handbook devotes substantial attention to searching
strategies, source evaluation, and reference management
precisely because these skills determine how well a researcher
can situate their work within the existing landscape of
knowledge.

Scholarly communication refers to the systems through which
researchers share their findings with one another and with the
public. These systems include peer-reviewed journals, preprint
servers, conference presentations, data repositories, and
increasingly, social media and science communication aimed
at non-specialist audiences. The norms governing scholarly
communication are neither neutral nor fixed; they reflect
specific historical choices about how to validate and distribute
knowledge, and they are currently undergoing significant
change. Understanding those norms — and the debates
surrounding them — helps researchers participate in the
scientific community more thoughtfully and effectively.

THE FULL RESEARCH CYCLE: AN
OVERVIEW

The research cycle described in this handbook encompasses
six broad stages, each corresponding to a chapter or pair of
chapters in the book.

The first stage is question formulation. Every research project
begins with curiosity, but curiosity alone is not enough. A
researcher must transform a broad interest into a specific,
answerable question — one that is feasible given available
resources, novel relative to existing literature, and significant
enough to justify the investment of time and funding. Chapter
2 walks through this process in detail, introducing frameworks
like FINER and PICO that help researchers assess whether a
proposed question is ready for investigation.

The second stage is literature search and review. Before
designing a study, a researcher must know what has already
been done. A systematic and comprehensive literature search
prevents duplication of effort, reveals methodological
precedents, and helps identify the genuine gaps in knowledge
that a new study can address. Chapter 3 covers the major
databases, search construction strategies, and the differences
between systematic, scoping, and narrative reviews.

The third stage involves evaluating and managing the sources
uncovered by that search. Not all publications are created
equal. Peer review provides one quality filter, but it is
imperfect, and the proliferation of predatory publishing
venues has complicated the landscape considerably. Chapter 4
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addresses how to assess source quality and how to manage a
growing reference library efficiently.

The fourth stage is research design and methodology. Once
the question is clear and the literature has been reviewed, the
researcher must choose how to answer the question —
selecting a study design, formulating hypotheses, planning
statistical analyses, and navigating the ethical requirements
that govern work involving human participants or animal
subjects. Chapter 5 covers this terrain, with particular
attention to the practices — preregistration, adequate
statistical power, transparent reporting — that make research
reproducible.

The fifth stage involves data collection, management, and
sharing. The reproducibility crisis that has attracted
widespread attention in recent years has its roots, in part, in
poor data management practices: data that were never
properly documented, code that was never shared, and
analytical choices that were never transparently reported.
Chapter 6 introduces the FAIR data principles and the practical
tools — data management plans, electronic lab notebooks,
version control, and discipline-specific repositories — that help
researchers produce work that others can verify and build
upon NASEM 2019.

The sixth and final stage is writing and publication. The best
science in the world has no impact if it is never communicated,
and communicating scientific findings clearly and accurately is
itself a craft that must be learned. Chapter 7 covers the IMRaD
structure of scientific papers, the principles of clear scientific
writing, authorship criteria, and the revision process.
Subsequent chapters address the publication process itself,
from choosing a journal through peer review and post-
publication dissemination, as well as the metrics used to
assess research impact and the open-access landscape.

HOW TO USE THIS BOOK

This handbook is designed to be read cover to cover by
someone new to scientific research, but individual chapters
also stand alone as reference material for researchers at
specific stages of a project. If you are about to begin a new
literature search, Chapter 3 can be read independently. If you
are designing a study and want to understand preregistration,
Chapter 5 addresses that topic in depth. Cross-references
throughout the text point readers toward related material in
other chapters.

Throughout the book, practical guidance is grounded in the
conventions of the life sciences — biology, biomedical
research, public health, and allied fields — though most of the
principles apply across scientific disciplines. Citations
throughout the text follow the conventions of the field, and
the handbook’s own reference list models the citation
practices described in Chapter 4.



Each chapter includes discussion questions designed to
prompt reflection on the concepts covered, as well as exercises
that ask readers to apply those concepts to a research
question of their own choosing. The exercises are designed to
be cumulative: by the end of the book, a reader who has
completed each exercise will have produced a complete
research proposal, conducted a structured literature search,
developed a data management plan, and drafted key sections
of a scientific manuscript. In this way, the handbook is not only
a guide to understanding the research cycle but a scaffold for
working through it.

THE NATURE OF SCIENTIFIC
KNOWLEDGE

It is worth pausing at the outset to address a question that
underlies everything that follows: what kind of thing is
scientific knowledge? The answer matters because it shapes
how researchers should think about their own work and about
the work of others.

Scientific knowledge is provisional. This does not mean it is
arbitrary or that all claims are equally uncertain; it means that
scientific conclusions are always in principle open to revision in
light of new evidence. The history of science is full of well-
supported theories that were later refined or overturned as
methods improved and evidence accumulated. Recognizing
the provisional character of scientific knowledge is not a
counsel of despair; it is an acknowledgment that science is a
process, not a product, and that today’s best answer may be
superseded by tomorrow’s better data.

Scientific knowledge is also cumulative. Individual studies
contribute incrementally to a body of literature that, taken
together, supports stronger conclusions than any single study
could. This is why replication matters — not because a single
study is inherently untrustworthy, but because a finding that
holds across multiple independent investigations, conducted
with different samples and by different research groups,
carries more evidential weight than a finding reported only
once Nosek et al. 2015. The replication crisis has thrown this
principle into sharp relief by demonstrating that a surprising
proportion of published findings in some fields do not hold up
when investigators attempt to reproduce them. Responding to
this crisis — through better design, greater transparency, and
stronger data-sharing practices — is one of the central
challenges facing the life sciences today.

Finally, scientific knowledge is social. It is produced through
collaboration, validated through peer review, and
communicated through publications, conferences, and
informal networks. The norms that govern these social
processes — the standards for authorship, the rules of peer
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review, the expectations around data sharing — are human
constructs that have evolved over time and continue to evolve.
Researchers who understand these norms are better
positioned to navigate the scientific community effectively, to
recognize when norms are not being followed, and to
advocate for improvements when the existing system falls
short.

This handbook takes all three of these characteristics
seriously. It treats the research cycle not as a mechanical
procedure to be executed according to a fixed script, but as a
deeply human enterprise whose integrity depends on the
judgment, honesty, and skill of the individual researchers who
participate in it. The goal, ultimately, is to help you become not
just a competent technician but a thoughtful, critical, and
ethically grounded scientist.

BEGINNING THE JOURNEY

The chapters that follow move through the research cycle in
roughly the order a researcher encounters it: from question to
literature to design to data to writing to publication to impact.
But the cycle is not experienced as a tidy sequence in practice.
Literature searching continues throughout a project, not just
at the beginning. Research questions often need revision once
preliminary data are in hand. Writing begins long before the
final results are known, in the form of notes, draft methods
sections, and grant applications. The cycle is iterative, and the
skills developed at each stage inform every other stage.

What this handbook offers is a structured way of thinking
about a process that, in practice, is often messy and non-
linear. By naming the stages, describing the decisions each
requires, and providing the tools to navigate them, the book
aims to reduce the cognitive load of doing research for the
first time — and to give more experienced researchers a
framework for reflecting on practices they may have acquired
without ever examining explicitly. The research journey begins
with a question. Let us start there.
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Choosing Your Research Topic and
Question

FROM CURIOSITY TO QUESTION

Every research project begins with some form of curiosity — a
puzzling clinical observation, an unexpected result in a
preliminary experiment, a gap noticed while reading a review
article, or a problem raised by a mentor or collaborator. But
curiosity, however genuine, is not yet a research question. The
transformation of a broad interest into a specific, answerable
question is one of the most intellectually demanding stages of
the entire research process, and it is one that new
investigators often underestimate. Moving too quickly from a
vague topic to a study design is a common mistake that leads
to unfocused projects, wasted resources, and, ultimately,
papers that reviewers struggle to evaluate because the central
question was never clearly formulated.

A research topic and a research question are related but
fundamentally different things. A topic is a domain of interest:
the biology of synaptic plasticity, the epidemiology of type 2
diabetes in adolescents, the relationship between graduate
student mental health and academic culture. A question is
specific and answerable: Does chronic sleep restriction impair
long-term potentiation in the hippocampus of adult mice?
What is the prevalence of type 2 diabetes in adolescents aged
12 to 17 in urban areas of the United States between 2010 and
2020? Does the quality of mentorship relationships predict
depressive symptoms in doctoral students in biomedical
sciences? The difference matters enormously in practice. A
topic tells you roughly which part of the library to visit; a
question tells you exactly what data you need to collect, what
comparisons you need to make, and what a successful answer
would look like.

The process of moving from topic to question is iterative and
requires engagement with the existing literature. Researchers
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who attempt to formulate a question in isolation — without
reading widely in the relevant field first — often produce
questions that have already been answered, questions that are
unanswerable with available methods, or questions so broad
that they encompass entire research programs rather than
single studies. The literature search described in Chapter 3 is
not a step that happens after the question is formulated; it is
part of the process by which the question gets formulated.
Preliminary reading reveals what is known, what is contested,
and where genuine gaps exist, and this knowledge is
indispensable for crafting a question that is both novel and
tractable.

CHARACTERISTICS OF A GOOD
RESEARCH QUESTION: THE FINER
CRITERIA

One of the most useful frameworks for evaluating a proposed
research question is the FINER criteria, an acronym that stands
for Feasible, Interesting, Novel, Ethical, and Relevant NASEM
2018. Originally developed in the context of clinical research
but applicable across the life sciences, FINER provides a
systematic checklist that researchers can use to assess
whether a question is ready for investigation or needs further
refinement.

Feasibility is perhaps the most practical criterion. A question is
feasible if it can be answered with the resources available: the
time, funding, equipment, expertise, and access to research



participants or samples that a given investigator can
realistically mobilize. Many excellent scientific questions are
not feasible for a particular researcher at a particular career
stage. A medical student rotating through a clinical
department cannot conduct a ten-year prospective cohort
study. A graduate student with two years of funding cannot
sequence the genomes of ten thousand patients. Recognizing
the constraints within which one is working is not defeatism; it
is the foundation of realistic project planning. The question
needs to be scaled to fit the available resources, and if the full
question cannot be addressed in a single project, it may be
possible to address a tractable sub-question that advances the
larger inquiry incrementally.

Interesting refers to the genuine intellectual engagement of
the investigator and, equally importantly, of the broader
scientific community. Research is hard, and projects that
extend over months or years require sustained motivation. A
question that does not genuinely interest the researcher is
unlikely to sustain the effort that rigorous investigation
demands. Beyond individual motivation, the question should
be interesting to the field — it should address a problem that
other researchers recognize as significant, even if they might
approach it differently. A question that only one person in the
world finds interesting may produce a publication, but it is
unlikely to generate the citations, replications, and subsequent
investigations that mark scientific progress.

Novelty means that the question has not already been
definitively answered. This requires a thorough knowledge of
the existing literature. Novelty does not require that nothing
has been done on the topic before; most productive research
questions build on prior work and are novel in a specific,
delimited sense — they extend prior findings to a new
population, apply a new method to a known problem, or test a
hypothesis in a context where it has not previously been
examined. What a novel question cannot be is a
straightforward replication of a study that has already been
conducted and reported, unless the replication itself is the
explicit aim of the project (which, in the current climate of
concern about reproducibility, is a legitimate and valuable goal
in its own right).

Ethical feasibility means that the question can be investigated
without violating the rights and welfare of research
participants, whether human or animal. Ethics review
processes — described in Chapter 5 — exist precisely to
ensure that the scientific value of a question does not override
the moral obligations researchers have to those whose
cooperation makes the research possible. But ethics
considerations should not be treated as bureaucratic hurdles
to be cleared after the question is formulated; they should
inform question formulation from the beginning. A question
that requires exposing participants to unreasonable risk, or
that involves deception that cannot be justified by the
scientific value of the findings, or that disproportionately
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burdens already-vulnerable populations should be
reformulated, not rationalized.

Relevance asks whether the question matters — to science, to
clinical practice, to public health, to society. Relevant questions
are those whose answers will make a difference: to the
understanding of a biological mechanism, to the treatment of
a disease, to the design of public health interventions, or to
the development of scientific methodology. Relevance is
closely linked to significance as assessed by funding agencies
and journal editors; a question that cannot be framed in terms
of its broader importance is unlikely to attract funding or find
a publishing home. But relevance is not only a strategic
consideration. Science consumes enormous resources —
financial, intellectual, and human — and questions that are
relevant to real problems justify that investment more readily
than questions chosen primarily for their technical elegance or
their alignment with available methods.

THE PICO FRAMEWORK FOR CLINICAL
AND TRANSLATIONAL RESEARCH

For researchers working in clinical, epidemiological, or
translational contexts, a complementary tool for question
formulation is the PICO framework, which stands for
Population, Intervention, Comparison, and Outcome. PICO
provides a structured template for operationalizing a clinical
research question in terms that map directly onto study design
choices.

The Population element asks: who are the participants in this
study? A well-specified population includes the relevant
demographic characteristics, clinical characteristics, and any
inclusion or exclusion criteria that define the study sample.
Specifying the population precisely prevents the common
problem of over-generalization, in which conclusions drawn
from a highly specific sample are applied too broadly. A study
conducted in adult men with moderate-to-severe heart failure
cannot straightforwardly be generalized to women, to patients
with mild heart failure, or to patients with heart failure
complicated by renal disease.

The Intervention element asks: what is being done to or for
the participants, or what exposure is being examined? In
clinical trials, this is typically a treatment: a drug, a surgical
procedure, a behavioral intervention, a public health
campaign. In observational research, it may be an exposure:
smoking, a dietary pattern, a socioeconomic condition.
Specifying the intervention precisely includes specifying the
dose, duration, route of administration, or other parameters
that define exactly what is being studied Higgins et al. 2019.

The Comparison element asks: what is the intervention or
exposure being compared against? In a randomized controlled
trial, this is typically a placebo or standard-of-care control. In
an observational study, it may be a comparison group defined
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by the absence of the exposure of interest. Some research
questions do not involve a comparison — a purely descriptive
study documenting the natural history of a disease, for
example — but most analytical questions do, and specifying
the comparison explicitly clarifies the causal or associational
claim the study is designed to evaluate.

The Outcome element asks: what is being measured?
Outcomes should be specified in advance, should be
measurable with available instruments, and should be
clinically or scientifically meaningful. The choice of outcome is
not a minor technical detail; it is a fundamental determinant of
the study’s significance. A study powered to detect a
statistically significant difference in a surrogate outcome (a
biomarker, an imaging finding) may or may not tell us
anything about outcomes that patients actually care about
(mortality, quality of life, functional status). Primary and
secondary outcomes should be distinguished, and the
rationale for the choice of primary outcome should be
explicitly stated.

SCOPING THE LITERATURE AND
WORKING WITH ADVISORS

The preliminary literature search that precedes and informs
question formulation differs in character from the
comprehensive systematic search conducted before a formal
study begins. At the question-formulation stage, the goal is
orientation: getting a sense of what the field knows, who the
major investigators are, which methods are currently in use,
and where the debates and uncertainties lie. This preliminary
reading typically involves review articles, systematic reviews
and meta-analyses, and the most recent primary literature in
the relevant area. It need not be exhaustive, but it should be
broad enough to prevent the common error of assuming that
a question is novel when it has in fact been well-studied.

Working closely with an advisor or mentor during question
formulation is invaluable. Experienced researchers have
internalized knowledge of the field that does not appear in any
single publication — knowledge of unpublished results, of
failed approaches, of funding priorities, of methodological
controversies, and of the personalities and perspectives that
shape how the community is likely to receive different kinds of
questions. A mentor can tell a graduate student that the
question they are proposing has already been answered by a
paper published two months ago, or that the approach they
are considering is technically feasible but practically very
difficult, or that the question touches on a contentious debate
in which they will need to take a defensible position. This kind
of guidance is not a substitute for independent intellectual
engagement with the literature; it is a complement to it.

AVOIDING COMMON TRAPS
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New researchers encounter several characteristic pitfalls in
question formulation that are worth naming explicitly. The
question that is too broad is perhaps the most common: a
question that encompasses so much territory that it could not
possibly be answered by a single study, or by any study at all.
“What causes cancer?” or “How does stress affect health?” are
not research questions in the operative sense; they are
research programs. Breaking such a question down into
tractable sub-questions, each of which could in principle be
answered by a specific study with specific data, is the essential
intellectual work of question formulation.

The question that is too narrow is the opposite trap: a
question so specific that its answer would be of interest to
almost no one. Hyper-specific questions sometimes arise from
an investigator’s desire to guarantee novelty — if the question
has never been asked before, by definition no one has
answered it. But novelty without significance is not a virtue. A
study documenting the expression of a specific gene in a
specific cell line under a specific set of experimental conditions
may be technically rigorous and genuinely novel, but if no one
outside the investigator’'s immediate circle has reason to care
about the result, the study will have little impact.

The question that has already been answered presents a
different kind of problem. It is not always easy to know when a
question has been definitively settled; sometimes the
literature contains numerous studies that appear to address a
question without any of them providing a truly convincing
answer. But when a high-quality systematic review with
consistent findings from multiple well-designed studies has
addressed a question, the appropriate response is usually to
build on that foundation rather than to replicate it.
Understanding the difference between a question that has
been studied and a question that has been answered requires
careful critical reading of the literature and the judgment that
comes with experience.

Finally, the question that is unanswerable deserves attention.
Some questions are genuinely important but currently
unanswerable because the necessary methods do not exist,
the relevant populations are inaccessible, or the ethical
constraints on the necessary study design are too severe.
Recognizing this limitation is not a failure of imagination; it is
an accurate assessment of the current state of the field.
Sometimes the productive response is to ask a related
question that can be answered now, with the explicit aim of
building toward an answer to the larger question in the future.

COMMITTING TO A QUESTION AND
MOVING FORWARD

At some point, the iterative process of reading, discussing, and
refining must produce a commitment to a specific question
that will guide the design and execution of the study. This



commitment does not mean the question can never change —
research projects routinely evolve as preliminary data come in
and as the investigator’s understanding deepens — but it
means that the researcher is ready to move from exploration
to execution. A well-formulated research question is specific
enough to be answered by a real study, important enough to
justify the investment of time and resources, and grounded
enough in the existing literature to build meaningfully on what
is already known. With that foundation in place, the next step
is to search the literature comprehensively and systematically
— a process taken up in the following chapter.

Choosing Your Research Topic and Qu
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Searching the Scientific Literature

WHY SYSTEMATIC SEARCHING
MATTERS

The scientific literature is the collective memory of the
research enterprise. Every hypothesis tested, every method
refined, every result that failed to replicate, every treatment
that proved effective or harmful — all of it, to the extent that it
has been published, is encoded in that literature and available
to researchers who know how to find it. A researcher who fails
to search that record thoroughly before beginning a new
study risks duplicating work that has already been done,
missing methodological innovations that would strengthen
their own design, building on assumptions that have already
been challenged, or — most consequentially — exposing
research participants to risks that prior work would have
shown to be unnecessary. The systematic literature search is
not a preliminary formality to be dispatched as quickly as
possible before the real work begins; it is itself a form of
scientific practice, with standards of rigor and reporting that
matter for the integrity of the research that follows NASEM
2018.

The word “systematic” is important here and should be
understood precisely. A systematic search is not simply a
search that is organized or careful, though it is both of those
things. A systematic search is one that is conducted according
to an explicit, pre-specified protocol; uses a defined set of
databases and search strategies; applies consistent inclusion
and exclusion criteria; and is documented in enough detail
that another researcher could reproduce it. This level of rigor
is required for formal systematic reviews and meta-analyses,
where the credibility of the synthesis depends entirely on the
credibility of the underlying search. For other kinds of
literature reviews, a similarly rigorous approach is best
practice, even if the formal documentation requirements are
less stringent. The habits of systematic searching — using
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controlled vocabulary, combining search terms deliberately,
recording what was searched and when — serve researchers
well regardless of the type of review they are conducting.

Avoiding duplication is perhaps the most obvious reason to
search thoroughly, but it is not the only one. A comprehensive
literature search also helps researchers identify the most
appropriate study designs for their question, understand the
range of outcome measures that have been used in prior
studies (and why some may be preferred over others), find
validated instruments and protocols that can be adapted or
directly adopted, and understand the methodological
controversies and limitations that characterize a given body of
literature. In this sense, the literature search is not only a
quality-control measure but an act of scientific intelligence-
gathering that shapes every subsequent decision in the
research process.

MAJOR DATABASES AND
INFORMATION SOURCES

The landscape of scientific databases is large and, for the
uninitiated, bewildering. Different databases index different
literatures, use different vocabularies, and are updated on
different schedules. Knowing which databases are relevant for
a given question, and understanding the distinctive strengths
and limitations of each, is a practical skill that takes time to
develop but repays the investment many times over.

PubMed, maintained by the National Library of Medicine, is the
primary bibliographic database for the life sciences and
biomedical research. It indexes more than thirty-five million
citations from more than twenty-nine thousand journals and is
freely accessible without a subscription. PubMed's great
strength is the Medical Subject Headings (MeSH) vocabulary, a
hierarchical controlled vocabulary that assigns standardized



subject terms to indexed citations, allowing searchers to
retrieve literature on a given topic regardless of the specific
terminology used by different authors. Understanding how to
use MeSH terms effectively is one of the most valuable
searching skills a biomedical researcher can develop, and it is
discussed in more detail below. PubMed also offers powerful
filtering capabilities, allowing searches to be restricted by
publication type, date range, species, language, and many
other parameters.

Web of Science and Scopus are multidisciplinary citation
databases that index a broader range of scientific and
scholarly literature than PubMed, including journals in
engineering, the social sciences, and the humanities. Both
databases track citation relationships — they record which
papers have cited a given publication — which is essential for
the citation-chasing techniques described later in this chapter.
Web of Science is also the source of the citation metrics
(impact factor, h-index) discussed in Chapter 10. Both
databases require institutional subscriptions, and access varies
by institution.

Embase, produced by Elsevier, is particularly strong for
pharmacological and clinical literature, and it provides more
comprehensive coverage of European journals and conference
proceedings than PubMed. For pharmacological topics, drug
safety questions, and systematic reviews requiring
comprehensive coverage of the clinical literature, Embase is
often essential in addition to PubMed.

Preprint servers represent a newer and increasingly important
layer of the scientific literature. bioRxiv (for biology) and
medRxiv (for health sciences and clinical research) host
manuscripts that have been posted publicly before peer
review. Preprints accelerate the communication of findings —
a paper can be posted and read by the community within days
of completion, rather than waiting months for peer review and
publication — and they have become particularly prominent in
fast-moving fields and during public health emergencies Polka
et al. 2018. Searching preprint servers is increasingly
important for comprehensive literature reviews, particularly in
rapidly developing areas where the peer-reviewed literature
may lag significantly behind the current state of research. The
important caveat is that preprints have not been peer
reviewed, and evaluating their quality requires the critical
appraisal skills discussed in Chapter 4.

CONSTRUCTING AN EFFECTIVE
SEARCH

Searching the Scientific Literature

xOy xOy =X

Figure 3.1 Boolean search logic illustrated with overlapping Venn diagrams. AND
narrows results to the intersection of two sets; OR broadens results to the union;
NOT excludes a set from the results. Watchduck / Wikimedia Commons, Public
Domain

A well-constructed database search combines controlled
vocabulary with free-text terms and uses Boolean operators to
define the logical relationships between search concepts. This
sounds technical, and the mechanics do require some practice
to master, but the underlying logic is straightforward and
extremely powerful once internalized.

Controlled vocabulary terms — MeSH terms in PubMed,
Emtree terms in Embase — are standardized labels assigned
by professional indexers to the concepts discussed in a paper.
The value of controlled vocabulary becomes clear when you
consider that different authors, writing about the same
phenomenon, may use different terminology: one paper about
heart failure might use that exact phrase, while another uses
“cardiac insufficiency,” another “congestive heart failure,” and
still another “ventricular dysfunction.” A search that retrieves
only papers using the phrase “heart failure” will miss all of
those papers. A search using the MeSH term “Heart Failure,”
which has been assigned to all papers dealing with that
condition regardless of the specific phrasing used, will retrieve
all of them. Using controlled vocabulary also helps with
specificity: MeSH terms are organized hierarchically, allowing
searchers to retrieve papers on a specific concept without
being overwhelmed by papers on the broader category.

Free-text terms — also called keywords or title/abstract terms
— search for the literal string of characters in specific fields of
the database record. These terms are essential for several
reasons. First, MeSH indexing has a lag: newly published
papers may not yet have been assigned MeSH terms, so a
search restricted to MeSH terms will miss the most recent
literature. Second, some concepts are not captured by any
existing controlled vocabulary term, particularly highly specific
or emerging topics. Third, free-text searching allows the
retrieval of papers that use specific technical terms that are
not part of the controlled vocabulary. Best practice is to
combine MeSH terms with free-text searches using the
Boolean OR operator, so that the search retrieves papers
indexed with the controlled vocabulary term as well as papers
containing the relevant text strings in their titles and abstracts.

Boolean operators — AND, OR, NOT — define the logical
relationships between search elements. OR is used to combine
synonymous or related terms, broadening the search to
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capture papers using any of the specified terms. AND is used
to combine distinct concepts, narrowing the search to papers
that address all of the specified concepts simultaneously. NOT
is used to exclude papers containing specific terms, but should
be used with caution because it can inadvertently exclude
relevant papers. A typical search strategy for a focused clinical
question might use OR to combine synonymous terms for the
population (e.g., “adolescents” OR “teenagers” OR “youth”),
OR to combine synonymous terms for the intervention, and
then AND to combine the sets of population terms and
intervention terms. Truncation and wildcard characters
(typically an asterisk in most databases) allow a single search
term to retrieve all words sharing a common root: “pediatr*"”
will retrieve pediatric, pediatrics, pediatrician, and
pediatricians in a single step.

Applying filters after a search is run can substantially sharpen
the results. Common filters include date range (restricting to
publications within a specified time window), publication type
(restricting to randomized controlled trials, systematic reviews,
or other specific study designs), species (human or animal),
age group, language, and sex. Filters are valuable tools, but
they should be applied thoughtfully. Restricting a search too
aggressively — for example, by limiting to English-language
publications only — can introduce systematic bias by excluding
important work published in other languages.

CITATION CHASING: FORWARD AND
BACKWARD SEARCHING

Database searching, however thorough, captures only the
literature that is indexed in the databases being searched.
Citation chasing — the practice of moving through the citation
network of a relevant paper — is a complementary technique
that can identify important sources missed by database
searches, including older foundational works, papers in
journals not indexed in the searched databases, and grey
literature such as reports and technical documents.

Backward searching, also called reference mining or pearl
growing, involves examining the reference lists of relevant
papers to identify older literature they cite. A key paper on a
topic will typically cite the foundational studies and major
reviews that established the field; following those citations
leads into the older literature systematically and efficiently.
Starting with a high-quality recent systematic review and
mining its reference list is often an excellent strategy for
quickly building familiarity with a literature.

Forward searching — finding papers that have cited a given
key paper — is enabled by citation databases such as Web of
Science, Scopus, and Google Scholar. If a landmark paper
published in 2010 has been cited by five hundred subsequent
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publications, examining those citations can identify all the
major studies that have been conducted in the decade and a
half since. Forward searching is particularly useful for finding
the most recent work in a field, since the most recently
published papers, by definition, will have cited the existing
literature rather than being cited by it Higgins et al. 2019.

TYPES OF LITERATURE REVIEWS

Not all literature reviews serve the same purpose, and
understanding the distinctions between review types helps
researchers choose the approach appropriate for their
question and their resources.

A systematic review is a formal synthesis of all available
evidence on a focused question, conducted according to a pre-
specified protocol that is typically registered prospectively in a
registry such as PROSPERO. Systematic reviews use exhaustive
search strategies, apply explicit inclusion and exclusion criteria
to identify eligible studies, extract data from included studies
in a standardized way, and assess the risk of bias in each
included study. When the included studies are sufficiently
similar in population, intervention, and outcome, a meta-
analysis can be conducted to pool their results quantitatively.
Systematic reviews sit at the top of the hierarchy of evidence
for most clinical questions because their conclusions are based
on the totality of the available evidence rather than on any
single study. Conducting a rigorous systematic review is a
major undertaking, typically requiring a team of researchers
and a period of many months.

A scoping review maps the extent and nature of a literature on
a topic without attempting to synthesize findings for decision-
making purposes. Scoping reviews are appropriate when a
field is heterogeneous, when the question is broad, or when
the goal is to identify gaps in the literature and set priorities
for future research rather than to answer a specific clinical or
policy question. They typically use comprehensive but not
exhaustive search strategies and do not assess risk of bias in
included studies.

A narrative review, sometimes called a traditional literature
review, summarizes and synthesizes a body of literature
according to the author’s expertise and judgment without the
formal methodological requirements of a systematic or
scoping review. Narrative reviews are valuable for providing
context, explaining complex concepts, and synthesizing a field
for a broad audience, but they are more susceptible to bias —
selective citation of evidence that supports the author’s views,
for example — than systematic approaches. Readers of
narrative reviews should be aware of this limitation and should
look for evidence that the author has engaged with
contradictory evidence as well as supporting evidence.



STAYING CURRENT WITH A RAPIDLY
MOVING LITERATURE

Conducting an initial literature search is only the beginning. In
an active research area, new papers appear continuously, and
a researcher who conducts a single search at the outset of a
project and never revisits it may find that important new
evidence has appeared by the time they write up their
findings. Several practical strategies help researchers stay
current with a literature that is always in motion.

Most major databases offer saved search functionality: a
researcher can save a search strategy in the database and
receive automated email alerts whenever new citations
matching the strategy are added to the index. PubMed’s “My
NCBI" account, for example, allows users to create automatic
email alerts from any saved search. Scopus and Web of
Science offer analogous alert functions. Setting up saved
searches for a project’s core questions at the beginning of the
project, and reviewing the alerts regularly, is an efficient way
to ensure that emerging literature is captured as it appears.

Citation alerts are available through tools like Web of Science,
Scopus, and Google Scholar and notify a researcher when a
specific paper they have identified as important has been cited
by a new publication. Since important new work is likely to cite
the same foundational papers as prior work in the field,
citation alerts on key papers can efficiently surface relevant
new publications. Journal table-of-contents alerts, available
directly from most publishers, deliver notification when a new
issue of a specific journal is published — useful for monitoring
the most important journals in a field for directly relevant new
work.

THE ROLE OF YOUR LIBRARY

Research libraries and research librarians are resources that
researchers, particularly new researchers, consistently
underutilize. A research librarian with expertise in the life
sciences or biomedical research can do much more than help
a researcher find a specific paper. Librarians can help design
and execute systematic search strategies, recommend
appropriate databases for a given question, assist with setting
up reference management software, facilitate access to papers
through interlibrary loan when the institution does not have a
subscription, and advise on grey literature sources that are not
indexed in the standard databases. For formal systematic
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reviews, involving a research librarian as a collaborator —
rather than simply as a consultant — has become recognized
best practice, and many published systematic review
guidelines explicitly recommend professional librarian
involvement in the search process.

Interlibrary loan (ILL) is a service through which a researcher
at one institution can obtain a copy of a paper or book that
their institution does not own, borrowed from another
institution that does. The ILL process typically takes one to five
business days and is available to students and faculty at most
research institutions at no direct cost to the requester. For
researchers at smaller institutions with limited journal
subscriptions, ILL is an essential mechanism for accessing the
full breadth of the scientific literature. Researchers should also
be aware of legal mechanisms for open access, including
PubMed Central, institutional repositories, author manuscript
preprints, and direct requests to authors — all of which can
provide legitimate access to papers that are otherwise behind
a paywall.

The investment required to search the literature thoroughly
and systematically pays dividends throughout the entire
research process. A researcher who knows the literature
deeply is better positioned to formulate a genuinely important
question, design a study that builds credibly on prior work,
interpret their results in context, write a compelling
introduction and discussion, and respond to peer reviewers’
questions about how their work relates to existing evidence.
The library, in the broadest sense — the accumulated record of
what the scientific community has learned and how it has
learned it — is not an obstacle between the researcher and the
bench; it is the essential context within which bench work has
meaning.
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Evaluating Sources and Managing
References

PEER REVIEW: WHAT IT IS AND WHAT
IT GUARANTEES

Peer review is the process by which manuscripts submitted to
scientific journals are evaluated by independent experts — the
“peers” of the submitting authors — before being accepted or
rejected for publication. It is the primary quality-control
mechanism of scientific publishing, and for most researchers it
functions as a rough proxy for credibility: a paper that has
been peer reviewed is presumed to have met some minimum
standard of scientific rigor, while a non-peer-reviewed source
is presumed to lack that assurance. This shorthand has real
utility, but it also obscures important truths about what peer
review can and cannot guarantee.

Peer review, at its best, catches errors in reasoning, identifies
missing controls, flags statistical mistakes, ensures that
conclusions are supported by the data presented, and checks
that the work is situated appropriately in the existing
literature. Peer reviewers bring domain expertise that enables
them to evaluate methodological choices that a generalist
editor could not assess. The process typically improves
manuscripts significantly, often by requiring authors to
address weaknesses or to temper overclaims in their
conclusions.

But peer review has well-documented limitations. It is a largely
voluntary service, performed by researchers who are already
busy with their own work, and reviewer quality varies
enormously. Peer reviewers evaluate the manuscript as
presented to them; they do not have access to the raw data,
the laboratory notebooks, or the analytical code that would
allow them to verify the results independently. Fabricated
data, if presented in a plausible narrative, can pass peer review
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undetected. Indeed, some of the most prominent retraction
scandals in the history of modern science involved work that
had passed peer review at high-impact journals Ioannidis
2005. Peer review is also slow — the time from submission to
publication in many biomedical journals averages many
months — and it introduces publication bias, the tendency for
journals to prefer positive results over null or negative
findings, which distorts the published record in ways that have
significant consequences for evidence synthesis.

Understanding these limitations is not an argument against
peer review; it is an argument for reading peer-reviewed
literature critically rather than uncritically. A peer-reviewed
paper is a paper that has cleared one important quality filter.
It is not a paper that has been verified to be correct.

EVALUATING SOURCE QUALITY

Beyond the basic criterion of peer review, assessing the quality
of a scientific source requires attention to multiple dimensions
that must be evaluated in combination rather than in isolation.

Study design is one of the most important determinants of the
inferential weight that a study’s conclusions can carry. The
hierarchy of evidence — with systematic reviews and meta-
analyses of randomized controlled trials at the top, followed by
individual randomized trials, cohort studies, case-control
studies, cross-sectional studies, and case reports at
successively lower levels — reflects the degree to which
different study designs are able to rule out alternative
explanations for their findings. An association observed in a
cross-sectional survey cannot establish causation; a well-
designed randomized trial, by randomly allocating participants
to treatment and control conditions, eliminates the most



important confounds that would otherwise undermine causal
inference. A researcher who understands study design
hierarchy reads the methods section of a paper before the
results section, because the design determines how seriously
to take the results.

Sample size and statistical power deserve explicit attention.
Underpowered studies — those too small to reliably detect the
effects they were designed to investigate — produce results
that are unreliable in a specific way: their positive findings (if
they have them) are likely to be inflated, and their null findings
tell us nothing about whether a true effect exists. The
statistical literature on this problem is clear and well-
established, and the practical implications for reading the
literature are significant. A positive result from a study of fifty
patients should be interpreted very differently from a positive
result from a study of five thousand patients, even if both
results are statistically significant Ioannidis 2005.

Conflict of interest is another dimension that careful readers
must consider. Studies funded by industry sponsors
consistently find more favorable results for the sponsor’s
products than studies with independent funding — a pattern
documented across many fields and product categories. This
does not mean that industry-funded research is fraudulent or
that its results should be dismissed; it means that funding
source is relevant information when evaluating conclusions.
Most reputable journals now require authors to disclose
financial relationships with industry, and these disclosures
should be read and taken into account.

RECOGNIZING PREDATORY
JOURNALS

The open-access movement has produced an unintended
consequence: the proliferation of what have come to be called
predatory journals — publications that charge authors fees to
publish their work but provide little or none of the editorial
infrastructure, including peer review, that legitimate journals
provide Bohannon 2013. Predatory journals exploit
researchers who may not know the difference, who are under
pressure to publish, or who are attracted by the promise of
rapid publication. The work published in these venues often
has not been peer reviewed in any meaningful sense, and
including it in a literature review can seriously compromise the
quality of the synthesis.

Several tools exist to help researchers identify legitimate open-
access journals. The Directory of Open Access Journals (DOA))
maintains a curated list of quality-controlled open-access
journals that have met defined standards for transparency and
editorial process. Membership in the Committee on
Publication Ethics (COPE) is another positive indicator: COPE
COPE 2017 provides guidelines for ethical editorial practice
and handles complaints about member journals. Checking
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whether a journal is indexed in PubMed, Web of Science, or
Scopus provides additional assurance, since these databases
maintain quality standards for inclusion.

The concept of a list of predatory publishers was developed by
librarian Jeffrey Beall Beall 2012, who maintained a widely
consulted blog identifying journals and publishers he
considered predatory. Beall’s list was discontinued in 2017
amid controversy about his criteria and potential overreach,
but the criteria he developed for identifying potentially
predatory publishers remain widely cited and useful: excessive
author fees with no clear editorial services provided, rapid or
perfunctory peer review, overly broad or implausible scope,
falsely claimed journal metrics, and mimicry of the names or
visual design of established legitimate journals. These criteria
should be applied as a heuristic guide to further investigation
rather than as a definitive checklist, and researchers who are
uncertain about a journal should consult their research
librarian.

PREPRINTS: ROLE, RISKS, AND
EVALUATION

Preprints — manuscripts posted to public servers before or
instead of submission to a peer-reviewed journal — have
become an increasingly significant part of the scientific
literature, particularly in biology and the health sciences Polka
et al. 2018. The COVID-19 pandemic dramatically accelerated
preprint culture in medicine and public health, as researchers
and public health authorities sought to share findings faster
than the traditional publication pipeline allowed. The benefits
of preprints — speed, openness, community feedback before
formal publication — are real and significant. So are the risks.

The most fundamental risk is that preprints have not been
peer reviewed. A preprint represents the authors’ own
assessment of their work, without the independent evaluation
that peer review provides. Preprints can contain errors,
methodological flaws, and overclaims that peer review would
catch. These flaws are sometimes identified by informal
community critique — comments posted on preprint servers,
Twitter discussions, blog posts — but this informal evaluation
is uneven and inconsistent, and many preprints circulate
widely before any such critique appears.

Evaluating a preprint requires the same critical appraisal skills
as evaluating any research paper, but applied with an
awareness that no formal gatekeeping has occurred.
Researchers should pay particular attention to whether the
findings have subsequently been published in a peer-reviewed
journal, and if so, whether the published version differs
materially from the preprint. Systematic reviews and meta-
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analyses that include preprints should note this clearly and
consider sensitivity analyses that exclude them, given the
higher risk of bias. For clinical or public health decisions, peer-
reviewed evidence should take precedence over preprints
whenever available.

REFERENCE MANAGEMENT
SOFTWARE

As a research project progresses and the literature review
expands, keeping track of sources becomes a significant
practical challenge. A researcher who has read two hundred
papers, saved PDFs in an unorganized folder, and made notes
in scattered documents is not well positioned to write an
accurate, well-cited manuscript. Reference management
software solves this problem by providing a centralized,
searchable database of sources with associated metadata, full-
text PDFs, and notes, and by automating the formatting of
citations and reference lists in manuscripts.

The three most widely used reference managers in academic
research are Zotero, Mendeley, and EndNote. Zotero is free
and open-source, runs as a browser extension and desktop
application, and integrates directly with most major browsers
to allow one-click capture of citation metadata from databases
and journal websites. It syncs across devices and supports
collaborative group libraries, making it particularly well suited
for multi-author projects and research teams. Mendeley,
owned by Elsevier, is free for basic use and offers similar
browser integration, PDF annotation, and collaboration
features, with the addition of a social network for researchers.
EndNote is a commercial product with more advanced
features for managing very large libraries and handling
complex citation styles, commonly used by established
researchers who have built large reference databases over
many years and whose institutions provide access to the
software.

All three tools integrate with Microsoft Word and LibreOffice to
allow in-text citations to be inserted with a few keystrokes and
reference lists to be automatically generated and reformatted
when the citation style changes — a feature that saves many
hours when a manuscript is being reformatted for
resubmission after rejection from one journal. Setting up
reference management software at the beginning of a project,
rather than trying to organize references retroactively, is one
of the highest-return investments of time a new researcher
can make.

CITATION STYLES IN THE LIFE
SCIENCES

Different journals and disciplines use different citation styles,
and a researcher who works across multiple fields or who
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submits to multiple journals needs to be familiar with more
than one. The major citation styles used in the life sciences
include APA (American Psychological Association format),
commonly used in the social and behavioral sciences;
Vancouver style, the default for most biomedical journals; and
AMA (American Medical Association) style, used in many
medical publications. Individual journals frequently have their
own specific variants of these styles, specifying details such as
whether journal names should be abbreviated, how many
authors should be listed before “et al.” is used, and whether
DOIs should be included in references.

Most reference management software includes style files for
hundreds of journals, and switching from one style to another
typically requires selecting a new style from a menu. This
flexibility means that the specific formatting requirements of a
given journal are much less important to know by heart than
they used to be. What remains important is understanding the
underlying structure of citations — what information must be
captured for each source type — and ensuring that all
necessary metadata is correctly recorded in the reference
manager database. A DOI that was never recorded, an author
whose name was captured incorrectly, or a publication year
that is wrong will produce an incorrect reference regardless of
the style file applied.

ORGANIZING YOUR REFERENCE
LIBRARY

The practical value of a reference manager depends entirely
on how well organized the library within it is. A large,
disorganized reference database is only marginally better than
an unorganized folder of PDFs. Several organizational
strategies are widely used and worth implementing from the
beginning of a project.

Folders or collections allow references to be grouped by topic,
project, or stage of review. Most reference managers support
hierarchical folder structures, allowing a main project folder to
contain sub-folders for different components of the project —
background literature, methods papers, clinical trial reports,
systematic reviews. Tags or labels provide a complementary
organizational system that allows a single reference to belong
to multiple categories simultaneously, which folders alone
cannot achieve. A paper might be tagged as “methods,” “open
access,” “high quality,” and “cited in introduction” at the same
time, allowing it to be retrieved by any of those criteria.

Annotations — notes attached to a specific reference, separate
from the bibliographic metadata — are invaluable for
recording why a paper was included or excluded from a
review, what its key findings were, what methodological
limitations it had, and how it relates to other papers in the
library. Writing brief annotations as papers are read, rather
than relying on memory later, is a practice that pays large



dividends when it comes time to write the literature review.
Shared group libraries, available in both Zotero and Mendeley,
allow multiple researchers on the same project to contribute
to and draw from the same reference database — essential for
team-based systematic reviews and for research groups where
multiple people are working on related questions.

The investment in careful source evaluation and organized
reference management is, ultimately, an investment in the
credibility and efficiency of everything that comes after. A
researcher who has read the literature critically, distinguished
reliable from unreliable sources, and organized their
references carefully enters the writing stage with a clear and
accurate understanding of what the evidence shows — and
with the tools to express that understanding in a manuscript
whose citations are accurate, complete, and properly
formatted.
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Research Design and Methodology

THE SPECTRUM OF RESEARCH
DESIGNS

Research design is the architecture of a scientific investigation:
the set of structural decisions that determine how data will be
collected, what comparisons will be made, and what
inferences the results can support. Choosing the right design
for a given question is not a technical formality; itis a
fundamental intellectual commitment that shapes every
subsequent decision in the project and determines, in large
part, what the study will and will not be able to show. A
mismatch between question and design produces results that
are either uninterpretable or misleading — sometimes both.

Research designs in the life sciences span a wide spectrum,
from purely descriptive studies at one end to fully
experimental investigations at the other. Descriptive studies
document the distribution and characteristics of a
phenomenon without attempting to explain it: a case series
reporting the clinical features of patients with a newly
identified disease, a survey measuring the prevalence of a
dietary behavior in a population, an observational study
tracking the natural history of a condition over time.
Descriptive studies are essential for characterizing new
phenomena, generating hypotheses, and establishing the
baseline knowledge needed to design analytical investigations.
They cannot, by themselves, establish why a phenomenon
occurs or what causes it.

Analytical and experimental designs move beyond description
to the examination of relationships and causes. Observational
analytical studies — cohort studies, case-control studies, cross-
sectional studies — examine associations between exposures
and outcomes in populations without manipulating the
exposures. These designs are indispensable for questions that
cannot ethically or practically be addressed by
experimentation: researchers cannot randomly assign people
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to smoke in order to study the health effects of tobacco, but
they can compare the outcomes of people who choose to
smoke with those of people who do not. The challenge of
observational research is confounding — the possibility that
an observed association between an exposure and an
outcome is explained not by a direct causal relationship but by
a third variable that is associated with both.

Experimental designs, most notably the randomized controlled
trial in clinical research and the controlled laboratory
experiment in basic science, address confounding by assigning
participants or experimental units to conditions randomly.
Randomization, when performed correctly and at sufficient
scale, distributes both known and unknown confounders
equally across experimental groups, so that any difference in
outcomes between groups can be attributed with much
greater confidence to the experimental manipulation rather
than to pre-existing differences between the groups Nosek et
al. 2018. The randomized controlled trial is not always feasible
or ethical, but when it is, it provides stronger evidence for
causal claims than any observational alternative.

HYPOTHESIS FORMULATION

A research hypothesis is a specific, testable prediction about
the relationship between variables. It is more specific than a
research question — it specifies the direction and, ideally, the
magnitude of the expected effect — and it provides the logical
structure within which statistical analysis can be interpreted.
Hypothesis formulation is a step that many researchers treat
as a brief preliminary, but it deserves careful attention
because imprecision in the hypothesis propagates into
imprecision in the design and the analysis.

The null hypothesis is the statistical foundation of most
hypothesis testing in the life sciences. It asserts that there is



no effect — no difference between groups, no association
between variables, no change from baseline — and the
purpose of statistical hypothesis testing is to determine
whether the data provide sufficient evidence to reject the null
hypothesis in favor of the alternative. The null hypothesis is
never proven true; a failure to reject the null hypothesis means
only that the data do not provide sufficient evidence of an
effect, not that no effect exists. This distinction, while logically
simple, has practical consequences that are frequently
misunderstood in the interpretation of published research.

The alternative hypothesis specifies what the researcher
expects to find. A two-sided alternative hypothesis asserts
simply that there is a difference (in either direction) between
the conditions being compared. A one-sided hypothesis
asserts a difference in a specific direction — that the treatment
group will do better than the control group, for example. One-
sided hypotheses are occasionally appropriate when strong
prior evidence constrains the direction of the expected effect,
but they are generally disfavored in clinical research because
they limit the researcher’s ability to detect unexpected harms
and because they can be misused to inflate apparent statistical
significance.

EXPERIMENTAL CONTROLS AND
BLINDING

The internal validity of an experiment — the degree to which
its results can be attributed to the manipulation being tested
rather than to extraneous factors — depends critically on the
design of experimental controls. A positive control is a
condition known to produce the expected effect, included to
verify that the experimental system is working as intended. If
the positive control fails, the entire experiment is suspect,
regardless of what the treatment conditions show. A negative
control is a condition in which no effect is expected, included
to establish the baseline against which the effect of the
manipulation is measured. Internal controls are incorporated
into the experimental procedure itself — for example, loading
equal amounts of protein on a gel before Western blotting —
to ensure that technical factors do not confound the
comparison between conditions.

Blinding is a design feature that prevents knowledge of
experimental group assignment from influencing the
assessment of outcomes. In a single-blind study, participants
do not know which condition they have been assigned to; in a
double-blind study, neither participants nor those assessing
outcomes know which condition is which; in a triple-blind
study, the statistician analyzing the data also does not know.
Blinding is particularly important when outcomes involve
subjective judgment — a clinician rating a patient’s symptom
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severity, a researcher scoring a behavioral measure —
because knowledge of group assignment can unconsciously
influence these assessments in the direction of the expected
result. Even in apparently objective measurements, blinding is
best practice because it prevents the subtle forms of
researcher bias that can operate below the threshold of
conscious awareness NASEM 2019.

SAMPLE SIZE AND STATISTICAL
POWER

One of the most important — and most frequently mishandled
— aspects of research design is the determination of an
appropriate sample size. Statistical power is the probability
that a study will detect a true effect of a specified magnitude,
given the study’s sample size, the variability of the outcome
measure, and the chosen significance level. A study with
inadequate statistical power is likely to miss real effects,
producing false negative results. But the problem with
underpowered studies is not only that they produce too many
false negatives; it is also that, paradoxically, their positive
findings are less reliable. When a study with low power does
produce a statistically significant result, it is more likely that
the result reflects a chance fluctuation than a true effect — a
phenomenon described as the winner’s curse in the statistical
literature Ioannidis 2005.

Power calculations should be performed prospectively, before
the study begins, based on realistic estimates of the effect size
expected (derived from prior literature or pilot data), the
variability of the outcome measure, and the significance level
and power targets the researcher has set. Most fields
conventionally target 80 percent power, meaning the study is
designed to detect the specified effect size with 80 percent
probability. A power target of 90 percent or higher is
sometimes preferred in confirmatory studies where the cost of
missing a true effect is high.

The inputs to a power calculation deserve scrutiny. Effect size
estimates derived from small pilot studies are notoriously
inflated — a phenomenon called the “file drawer problem”
combined with the winner’s curse — which means that power
calculations based on such estimates will systematically
overstate the precision of the study. Researchers should
consider using effect sizes from the published literature that
are based on the largest and most rigorous prior studies
available, and should consider building in a conservative
margin by designing for a slightly smaller effect than the
estimate suggests.
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RANDOMIZATION AND ALLOCATION
CONCEALMENT

Randomization is the sine qua non of the randomized
controlled trial, but it is important to understand that the mere
fact of using a randomization procedure does not guarantee
that confounding has been eliminated. The randomization
procedure must be truly random (not a pseudo-random
sequence that is predictable in advance), the allocation
sequence must be concealed from those enrolling participants
until the moment of assignment (allocation concealment), and
the groups must be comparable at baseline on both measured
and unmeasured characteristics.

Simple randomization — essentially flipping a coin for each
participant — works well for large studies because the law of
large numbers ensures that chance imbalances between
groups will be small. For smaller studies, stratified
randomization (randomizing separately within subgroups
defined by important prognostic factors) or minimization
(dynamically adjusting allocations to balance groups on
multiple factors simultaneously) may be preferable. The
specific randomization method used should be documented in
the trial registration and the methods section of the paper.

ETHICS REVIEW: PROTECTING
HUMAN AND ANIMAL RESEARCH
SUBJECTS

The ethical conduct of research involving human participants
is governed by principles articulated in foundational
documents including the Declaration of Helsinki and, in the
United States, the Belmont Report, which established the
foundational principles of respect for persons, beneficence,
and justice that underlie human subjects protection
regulations. In practice, the mechanism through which these
principles are implemented is institutional review board (IRB)
oversight — a committee review process that evaluates
proposed research for its risks and benefits, the adequacy of
consent procedures, and the protection of vulnerable
populations.

IRB review is required for any research involving human
subjects, broadly defined. Research that uses identifiable
private information, biological specimens, or educational
records may require full review even when no individuals are
directly contacted. Researchers should engage with their
institution’s human research protection office early in the
project planning process, not at the last minute before
intended enrollment begins, since the review process may
require revisions to the protocol that affect the study design or
timeline.

26

Research involving animal subjects is governed by a parallel
review process administered by the Institutional Animal Care
and Use Committee (IACUC). IACUC review evaluates the
scientific justification for the animal work, the appropriateness
of the species and number of animals proposed (applying the
principle of using the minimum number necessary to achieve
the scientific objective), and the measures in place to minimize
pain and distress. The “three Rs” framework — replacement
(using non-animal methods where possible), reduction
(minimizing animal numbers), and refinement (minimizing
suffering) — provides the ethical framework for IACUC
evaluation. Adherence to established reporting standards for
animal research, particularly the ARRIVE guidelines, is
increasingly required by journals and funding agencies.

PREREGISTRATION: COMMITTING TO
THE PLAN IN ADVANCE

Preregistration is the practice of publicly recording a study’s
hypotheses, design, and analysis plan before data collection
begins, in a publicly accessible registry. The Open Science
Framework (OSF), AsPredicted, and ClinicalTrials.gov are
among the registries most commonly used for this purpose.
Preregistration serves as a timestamp that documents what
the researchers intended to find before they could have been
influenced by the data — providing a check against the subtle
(and not so subtle) forms of outcome reporting bias that
inflate the false-positive rate of the published literature.

The problem preregistration addresses is known variously as
p-hacking, researcher degrees of freedom, or HARKing
(Hypothesizing After Results are Known). When researchers
make analytical decisions — which variables to include in a
model, how to handle outliers, when to stop collecting data —
after looking at the data, and when only results that achieve
statistical significance are reported, the nominal significance
level of the tests no longer accurately reflects the probability
of a false positive. Studies that appear to report results at the
conventional p < 0.05 threshold may actually have been
selected from many analyses with an effective false-positive
rate many times higher Nosek et al. 2015.

Preregistration is not a magic cure for research bias; a
preregistered study can still be conducted or reported poorly.
But it does impose a form of accountability that constrains the
most flagrant forms of post hoc rationalization. Some journals
have developed a “registered report” format in which peer
review occurs in two stages: once before data collection, based
on the introduction and methods (with provisional acceptance
contingent on the execution of the pre-registered plan), and
once after, based on the full manuscript. This format,
pioneered in psychology and now spreading to other fields,
separates the evaluation of the research question and design
from the evaluation of the results — and thereby eliminates
publication bias by design Nosek et al. 2018.



REPORTING STANDARDS

Transparent reporting of study methods and results is a
prerequisite for the scientific community’s ability to evaluate,
reproduce, and build upon published research. A series of
reporting guidelines has been developed to specify the
minimum information that should be included in published
reports of different study types. These guidelines are
increasingly endorsed or required by journals and funding
agencies, and researchers should be familiar with the
guidelines relevant to their study type.

CONSORT (Consolidated Standards of Reporting Trials)
specifies how randomized controlled trials should be reported,
including details of the randomization procedure, allocation
concealment, blinding, and participant flow through the trial.
STROBE (Strengthening the Reporting of Observational
Studies in Epidemiology) provides analogous guidance for
cohort, case-control, and cross-sectional studies. ARRIVE
(Animal Research: Reporting of In Vivo Experiments)
addresses the reporting of animal studies. PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
covers systematic reviews. These and many other guidelines
are catalogued in the EQUATOR Network database, which is a
useful starting point for any researcher trying to identify the
reporting standard relevant to their study type. Using the
appropriate checklist as a writing guide, not merely as a final-
stage checklist, helps ensure that the necessary information is
collected and recorded during the study rather than having to
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be reconstructed — or acknowledged as unavailable — when
the manuscript is being prepared.

Methodological transparency is ultimately not just a
requirement imposed by journals or funders; it is an ethical
obligation. Other researchers need sufficient detail to evaluate
whether the conclusions are supported, to identify limitations,
to replicate the study, and to build on it. A methods section
that is too vague to allow replication is not just a stylistic
weakness; it is a failure of scientific communication that
undermines the cumulative character of the enterprise.
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THE REPRODUCIBILITY CRISIS:
SCOPE AND CAUSES

In 2011, researchers at Bayer HealthCare attempted to
replicate the findings of sixty-seven published preclinical
cancer studies as part of their internal drug discovery process.
They were able to fully reproduce the results of fewer than one
in four NASEM 2019. A similar effort by Amgen scientists
produced comparable findings: researchers reported
successful replication of only six of fifty-three landmark cancer
biology studies they attempted to reproduce. These reports,
along with a series of large-scale replication projects in
psychology and other fields, crystallized what has come to be
called the reproducibility crisis — a recognition that a
substantial proportion of published scientific findings, when
subjected to independent replication attempts, do not hold up.

The causes of the reproducibility crisis are multiple and
interacting. Study design problems — underpowered samples,
inadequate controls, inappropriate statistical tests —
contribute. Publication bias — the tendency of journals to
publish positive findings while leaving null results in the file
drawer — inflates the apparent prevalence of effects that may
not be real. Analytical flexibility — the range of defensible
analytical choices that, when made post hoc and selectively
reported, can produce statistical significance from noise —
further inflates the false-positive rate. And, cutting across all of
these specific problems, inadequate documentation and data-
sharing practices mean that even results that are real and
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important often cannot be verified, extended, or corrected by
other researchers, because the data and analytical code
needed to do so were never made available.

Poor data management is both a cause of the reproducibility
crisis and a barrier to its resolution. When researchers do not
document their data collection procedures systematically,
when file naming conventions are inconsistent or absent,
when raw data are overwritten by processed versions, when
analytical code is not retained alongside the data it was used
to analyze — when, in short, the basic infrastructure of a
research project is not organized with transparency in mind —
the result is data that may be internally comprehensible to the
researcher who collected it but opaque to anyone else,
including future versions of that same researcher. The solution
to this problem is not primarily technological; it is cultural and
practical. It requires researchers to internalize habits of
systematic documentation and organization as a routine part
of their scientific practice Nosek et al. 2015.

FAIR DATA PRINCIPLES

The FAIR data principles, published in 2016 Wilkinson et al.
2016, articulate a framework for making research data as
useful as possible beyond their original collection context.
FAIR is an acronym standing for Findable, Accessible,
Interoperable, and Reusable, and each of the four principles is
supported by a set of specific, practical guidelines.



Eﬂable Accessible |nteroperable Reusable
e ()
,O % O 2

Figure 6.1 FAIR data principles infographic. Four quadrants display the principles
— Findable, Accessible, Interoperable, Reusable — with two to three sub-principles
listed under each. A central element emphasizes that all four principles together
maximize the value of research data. SangyaPundir / Wikimedia Commons, CC BY-
SA 4.0

Findable means that data and their associated metadata are
assigned a globally unique and persistent identifier — typically
a digital object identifier (DOI) — and that the metadata are
indexed in a searchable resource. A dataset that exists on a
researcher’s hard drive is not findable; one that has been
deposited in a public repository with a DOI and descriptive
metadata can be discovered by other researchers through
database searches. The findability principle also requires that
metadata clearly identify the dataset they describe, using a
standardized reference.

Accessible means that data and metadata can be retrieved
using a standardized, open communications protocol.
Accessibility does not necessarily mean that all data must be
freely available without restriction; it means that the
conditions of access — including any authentication
requirements — are clearly specified and that the access
mechanism is reliable and long-term. Metadata, importantly,
should remain accessible even when the underlying data
cannot be shared (as may be required for participant privacy
reasons), because discoverable metadata helps other
researchers know what data exist even when they cannot
obtain a copy.

Interoperable means that data use a formal, accessible,
shared, and broadly applicable language for knowledge
representation — in practice, that data formats, variable
names, and data structures follow community standards that
allow data to be integrated with other datasets and processed
by commonly available software tools. A dataset stored in a
proprietary format that can only be opened by a specific
version of a specific software application is not interoperable.
A dataset stored in a plain-text, comma-separated values
format with variable names that follow domain-specific
conventions is substantially more interoperable, particularly if
accompanied by a codebook that explains each variable in
human-readable terms.

Reusable means that data are described with a plurality of
accurate and relevant attributes that allow them to be used by
others for purposes beyond the original collection context.
This includes clear and accessible data usage licenses, detailed
provenance information (describing how the data were
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collected and what quality-control procedures were applied),
and community domain standards for metadata. Without this
contextual information, a dataset may be technically accessible
but practically unusable by someone unfamiliar with the
original study’s methods.

DATA MANAGEMENT PLANS

A data management plan (DMP) is a structured document that
describes how data generated in a research project will be
collected, organized, stored, preserved, and shared. DMPs are
now required by most major research funding agencies,
including the National Institutes of Health and the National
Science Foundation in the United States, as a condition of
funding NIH 2023. But a DMP is valuable not only as a grant
compliance requirement; it is a practical planning tool that
forces researchers to think systematically about data
management before data collection begins, when it is still
possible to build good practices into the project’s
infrastructure rather than trying to impose them retroactively.

A typical DMP addresses several key questions: What types of
data will be generated, and in what formats? How will data be
organized, named, and documented during the project?
Where will data be stored during the active phase of the
research, and what backup procedures will be in place? Who
will have access to the data during and after the project? How
long will data be retained after the project ends? In what
repository will data be deposited for long-term access? What
restrictions on sharing, if any, are required for legal, ethical, or
proprietary reasons?

The answers to these questions will differ substantially across
research contexts. A clinical study collecting protected health
information about identifiable participants faces different
data-sharing considerations than a genomics study generating
sequences from de-identified samples, which faces different
considerations than a computational project generating
derived data products from publicly available sources. DMP
templates specific to different funding agencies and research
types are available from many institutions and through the
DMPTool, an online platform that provides guidance and
templates for a wide range of funding requirements.

ELECTRONIC LAB NOTEBOOKS AND
DOCUMENTATION

The laboratory notebook is the foundational documentation
instrument of experimental science. Traditionally kept in paper
format, laboratory notebooks record experimental procedures,
observations, results, and interpretations in sufficient detail to
allow independent reproduction of the work. They serve as
contemporaneous records that can be dated and verified, and
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they are the evidentiary foundation for priority claims in the
event of disputes about who made a discovery first.

Electronic lab notebooks (ELNs) have become increasingly
common as alternatives or complements to paper notebooks,
offering advantages including legibility, searchability,
automatic timestamping, multimedia integration (the ability to
embed images, spreadsheets, and instrument data files
directly into notebook entries), and cloud backup. Several
dedicated ELN platforms are widely used in the life sciences:
Benchling is popular in molecular biology and biotech settings
for its integration with sequence analysis tools; RSpace offers
institutional deployment options with strong access control
and compliance features; LabArchives is widely used in
academic settings. General-purpose tools including Microsoft
OneNote and Notion are also used, though they lack some of
the laboratory-specific features of dedicated ELN platforms
Perkel 2020.

Whether electronic or paper, the guiding principle of
laboratory notebook practice is the same: record enough
information that someone else — or you, returning to the
work after a year away — could understand exactly what was
done and reproduce it. This means recording not only the
procedures and results but also deviations from planned
procedures, unexpected observations, failed experiments,
instrument settings, lot numbers for reagents, and the
reasoning behind methodological choices. The common
practice of recording only successful experiments and omitting
failures is both scientifically misleading and practically costly:
failed experiments contain information that guides
subsequent decisions, and their omission from the record
means that the same mistakes are likely to be made again.

FILE NAMING, VERSION CONTROL,
AND ORGANIZATIONAL PRACTICES

Systematic file naming conventions and directory organization
are unglamorous but important aspects of data management
that pay large practical dividends over the life of a research
project. A file named
“data_final_FINAL_v3_USE_THIS_ONE.xIsx" communicates
confusion about which version is authoritative and offers no
information about the file’s content, date, or place in the
project’s history. A file named “2024-09-15_mouse-
behavior_OF-test_group-A_raw.csv” communicates clearly
what the file contains, when it was created, and what stage of
processing it represents.

Effective file naming conventions share several features: they
use dates in ISO 8601 format (YYYY-MM-DD, which sorts
chronologically), they are descriptive of content, they use
underscores or hyphens rather than spaces (which cause
problems in some computing environments), and they are
applied consistently across the project. Directory structures
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should reflect the logical organization of the project —
separating raw data from processed data, code from data, and
figures from manuscripts — and should include a README file
at each directory level explaining the contents.

Version control, most commonly implemented using the Git
software and the GitHub hosting platform, provides a more
powerful solution to the problem of tracking changes over
time, particularly for code and text files. Git records the
complete history of changes to a file or set of files, allowing a
researcher to see exactly what changed between any two
versions, to attribute changes to specific authors and dates,
and to revert to any previous state of the project. For scientific
computing, version control is rapidly becoming a professional
expectation rather than an optional extra, and researchers
who develop even basic proficiency with Git and GitHub are
substantially better positioned than those who do not
McKiernan et al. 2016.

DATA REPOSITORIES AND SHARING

The expectation that research data be shared has
strengthened substantially in recent years, driven by a
combination of funding mandates, journal requirements, and
cultural change within the scientific community Tenopir et al.
2011. Studies that share their underlying data are cited more
frequently than those that do not Piwowar et al. 2007, and
data sharing enables the secondary analyses, reanalyses, and
evidence syntheses that multiply the scientific value of a study
beyond its original purpose.

Choosing the right repository for a given type of data requires
familiarity with the landscape of discipline-specific and
generalist repositories. In the life sciences, the NCBI family of
databases — including GenBank for DNA sequences, the
Sequence Read Archive (SRA) for raw next-generation
sequencing data, and the Gene Expression Omnibus (GEO) for
gene expression data — provide established, well-indexed
homes for the most common data types in molecular biology
and genomics. The Protein Data Bank (PDB) is the repository
for macromolecular structure data. These discipline-specific
repositories have the advantage of extensive domain-specific
metadata standards and integration with the databases and
tools researchers use to search and analyze data.

For data types without a discipline-specific repository,
generalist repositories including Dryad, Zenodo, and Figshare
provide open-access data hosting with DOI assignment and
flexible metadata. Dryad focuses on data underlying published
research articles and integrates with many journals to facilitate
direct data submission. Zenodo, hosted by CERN, accepts a
wide range of research outputs including datasets, software,
and preprints. Figshare is particularly widely used for sharing
supplementary figures, datasets, and other research outputs
that accompany publications.



CODE SHARING AND COMPUTATIONAL
REPRODUCIBILITY

As computational methods have become central to research
across the life sciences — from genomic data analysis to
image processing to mathematical modeling — the sharing of
analytical code has become as important as the sharing of
underlying data. A paper that reports results obtained through
custom computational analysis but does not share the code
used to produce those results cannot be reproduced or
verified by other researchers, even if the underlying data are
fully available Nosek et al. 2015.

Code should be shared in a form that is actually executable,
not merely described. This means sharing the code itself (not a
pseudocode description), along with the software
environment needed to run it (specifying package versions),
test data that allow users to verify the code produces the
expected outputs, and documentation explaining how to run
the analysis and what the outputs represent. Tools including
Docker (for containerizing complete computational
environments) and conda environments (for managing Python
package dependencies) help ensure that shared code can be
run on other systems without encountering the dependency
problems that commonly prevent reproduction of
computational analyses.

THE OPEN SCIENCE FRAMEWORK AS
AN INTEGRATED HUB

The Open Science Framework (OSF), developed and
maintained by the Center for Open Science, provides a free,
integrated platform for managing and sharing the full range
of materials associated with a research project —
preregistrations, protocols, data, code, preprints, and
publications —in a single, versioned, citable repository. OSF
integrates with external services including GitHub (for code),
Google Drive (for documents), Dropbox (for files), and preprint
servers including bioRxiv and PsyArXiv, allowing researchers to
work within familiar tools while maintaining a centralized
project record.

Using OSF as a project management tool from the beginning
of a project — creating the project structure, linking external
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tools, registering study plans, and gradually uploading
materials as they are generated — is a practical approach to
open science that requires no large upfront investment but
progressively builds a transparent, shareable record of the
research. The habits of documentation, data organization, and
code sharing described in this chapter are not additional
burdens imposed on top of doing research; they are
components of doing research well. Researchers who
internalize them produce work that is more credible, more
impactful, and more valuable to the scientific community —
and that is more likely to withstand the scrutiny of replication.
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Scientific Writing: Structure, Style,
and Process

THE IMRAD STRUCTURE AND WHY IT
EXISTS

The standard structure of a scientific research paper —
Introduction, Methods, Results, and Discussion, universally
known by its acronym IMRaD — was not imposed arbitrarily on
the scientific community. It evolved over the twentieth century
as the discipline recognized that different kinds of information
serve different functions for different readers, and that
organizing information by function rather than by chronology
or narrative arc makes papers easier to read, evaluate, and use
Day & Gastel 2012. Before IMRaD became standard, scientific
papers were often written as narratives tracing the
investigator’s path through the research, a format that was
absorbing but inefficient. A researcher who wanted to know
how a study was conducted had to read the entire paper to
find out. A reviewer who wanted to evaluate the statistical
methods had to search. IMRaD solved this problem by
assigning each type of information to a designated section,
allowing readers to navigate directly to what they need.

Understanding why each section exists clarifies what each
section should accomplish. The Introduction establishes
context: why was this question worth investigating, what did
prior work establish, what gap or uncertainty remains, and
what specific question or hypothesis did this study address?
The Methods section provides a blueprint: a description of
what was done in sufficient detail that a qualified researcher
could, in principle, reproduce the study. The Results section
presents the findings: what the data showed, organized
around the study’s research questions, without interpretation.
The Discussion section interprets: what the findings mean,
how they relate to prior work, what limitations constrain their
interpretation, and what questions they leave open. This four-
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part structure is not merely a stylistic convention; it reflects a
logical decomposition of the scientific argument into its
constituent elements.

Introduction

central
report section

Discussion/

Conclusion

Figure 7.1 IMRaD structure diagram showing approximate word count
proportions for each section of a typical life sciences research article. Introduction
and Discussion are broader in scope; Methods and Results are narrower and more
technical. Tom Toyosaki / Wikimedia Commons, CC BY-SA 4.0

Some journals use variations on IMRaD. Clinical case reports
typically follow a different structure. Review articles may use a
thematic organization rather than the standard sections. Short
communications and letters to the editor often abbreviate the
structure considerably. But IMRaD, or a recognizable variant of
it, governs the vast majority of primary research reports in the
life sciences, and mastering it is the most important single
writing skill a new researcher can develop.



WRITING THE INTRODUCTION

The Introduction of a scientific paper has been likened to a
funnel: it begins broadly, situating the research question in its
field, and narrows progressively toward the specific question
or hypothesis being tested. This funnel structure is not merely
a metaphor; it describes a logical movement from general to
specific that helps readers understand why the specific
question matters by situating it in a larger context of
knowledge and uncertainty.

The Introduction typically accomplishes three things in
sequence. First, it establishes the importance of the topic: why
does the field care about this area? This might involve citing
the disease burden of the condition being studied, the
fundamental biological question at stake, or the practical
problem that a technological or methodological advance
might solve. Second, it surveys the relevant prior literature:
what is known about this topic, and what has prior work
established? This survey should be selective rather than
exhaustive — a paper’s introduction is not a systematic review
— and it should be organized around logical themes rather
than as a chronological list of prior findings. Third, it identifies
the specific gap, uncertainty, or question that the current
study addresses, and states clearly what the study did to
address it. This final element — often called the “gap
statement” and the “study aim” or “study objective” — should
be explicit and specific. Vague statements of aim (“to
investigate the role of X in Y”) are weaker than specific ones
(“to test whether genetic ablation of X in adult mice impairs Y
by comparing performance on Z tasks relative to wild-type
controls”).

The quality of scientific writing in the Introduction depends on
more than logical organization; it depends on sentence-level
clarity. The principle articulated by Gopen and Swan Gopen &
Swan 1990 — that readers naturally expect new and important
information to appear at the end of a sentence, in the position
they call the “stress position,” while familiar context belongs at
the beginning — is one of the most practically useful
guidelines for scientific prose. A sentence that buries its key
information in a subordinate clause or a parenthetical loses
the emphasis that the information deserves, while a sentence
whose stress position is occupied by familiar information
creates a subtle sense of anticlimax. Applying this principle
systematically, across a full section of writing, produces prose
that feels authoritative and easy to follow — not because the
words are simpler but because the information is arranged the
way readers expect to receive it.

WRITING THE METHODS

The Methods section is the blueprint of the scientific paper,
and its primary criterion for success is reproducibility: a
qualified researcher reading the Methods should be able to
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repeat the study. This standard determines what must be
included and at what level of detail. Procedures that are
completely standard and universally understood do not
require elaboration; procedures that are novel, modified, or
specific to the laboratory require sufficient detail to allow
independent execution. The key question for every
methodological decision is: would a researcher unfamiliar with
my specific protocol know exactly what I did?

The Methods section is conventionally written in the past tense
and, in most life sciences journals, uses the passive voice to
describe procedures, though the convention on voice varies by
journal and is discussed further below. It should be organized
into logical subsections — participants or subjects, study
design, procedures, outcome measures, statistical analysis —
that allow readers to find specific information without having
to read the section linearly. The statistical analysis subsection
deserves particular attention: it should specify not only which
tests were used but why they were appropriate for the data,
what the primary and secondary outcomes were, and how
missing data, outliers, and protocol deviations were handled.
Post hoc statistical decisions that are described in the Methods
as if they were pre-specified obscure the degree to which the
analysis was exploratory — a form of misrepresentation that,
even when not intentional, contributes to the inferential
problems discussed in Chapter 5.

Ethical approvals — IRB or IACUC protocol numbers, consent
procedures, compliance with relevant reporting guidelines —
should be reported in the Methods. For clinical trials, the trial
registration number and registry should be given. For studies
using established cell lines, reagents, or animal models, the
specific source and any relevant characteristics should be
specified. For computational studies, the software, version
numbers, and parameter settings used for all analyses should
be documented.

WRITING THE RESULTS

The Results section presents what the study found. It does not
interpret, discuss the implications, or compare the findings to
prior work — those functions belong in the Discussion. The
Results section reports the data: what the measurements
showed, how the groups compared, what the statistical tests
indicated. Maintaining this discipline — resisting the impulse
to interpret as you describe — produces a cleaner section and
a more coherent paper overall.

A practical strategy for writing the Results section is to begin
by organizing the figures and tables that present the data, and
then to write the text of the section as a narrative that guides
the reader through those figures and tables in logical order
Day & Gastel 2012. Figures and tables should be able to stand
alone — their titles and legends should be sufficiently
complete that a reader could understand what they show
without reading the main text — but the text of the Results
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should not simply repeat what is shown in the figures. Instead,
the text should draw attention to the most important findings,
highlight the key comparisons, note any unexpected results,
and guide the reader through the logical sequence of the
analysis.

Statistical reporting in the Results should follow the
conventions of the field and the specific guidelines of the
target journal, but some principles are universal. Effect sizes
should be reported alongside p-values, because statistical
significance alone is not a measure of practical or scientific
importance. Confidence intervals, which communicate both
the magnitude and the precision of an estimate, are generally
more informative than p-values alone and should be reported
wherever possible. When multiple comparisons are made, the
approach to multiple comparisons correction should be
specified and consistently applied.

WRITING THE DISCUSSION

The Discussion is the section in which the researcher
interprets the findings, situates them in the context of prior
literature, and draws conclusions. It is often the most
intellectually demanding section to write, because it requires
the author to move between levels of abstraction — from the
specific results of this study to the general implications for the
field — while maintaining logical coherence and appropriate
epistemic humility about what the findings do and do not
show.

A well-structured Discussion typically begins by restating the
main finding in one or two sentences — not a repetition of the
abstract but a clear statement of what the results showed,
framed in terms of the question posed in the Introduction. It
then interprets that finding: what does it mean,
mechanistically or theoretically? It next places the finding in
context: how do the results compare to prior work?
Agreements with prior findings strengthen conclusions;
disagreements require explanation. The Discussion should
engage with contradictory evidence rather than ignoring it —
a finding that is consistent with a hypothesis and also
consistent with every prior finding in the literature is more
convincing than one that agrees with some prior work but
conflicts with other prior work that the author has chosen not
to mention.

Acknowledging limitations is not a sign of weakness; itis a
mark of scientific honesty and rigor, and reviewers and
readers will note the absence of a candid limitations
discussion as a red flag. Limitations that commonly deserve
explicit discussion include sample size and statistical power (if
relevant), generalizability of the findings, potential
confounders in observational studies, the reliance on
surrogate rather than clinical outcomes, methodological
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assumptions that could not be independently verified, and the
cross-sectional or short-term character of an investigation into
what may be a dynamic process. The goal is not to undermine
confidence in the study but to accurately characterize the
strength of the evidence and help readers calibrate their
conclusions accordingly.

The Discussion typically concludes with a statement of broader
significance — why the findings matter beyond the specific
context of the study — and, often, a brief description of the
most important questions the work leaves open and that
should be addressed in future research. This forward-looking
conclusion connects the completed work back to the ongoing
cycle of inquiry from which it emerged and into which its
findings will be incorporated.

THE ABSTRACT

The abstract is the section of the paper that will be read most
widely. Many readers will encounter only the abstract —
through database searches, journal alerts, and social media
sharing — and will never read the full text. The abstract
therefore carries a disproportionate responsibility for
communicating the study’s question, methods, results, and
conclusions accurately and accessibly.

Most journals in the biomedical sciences use a structured
abstract format with explicitly labeled sections corresponding
to the paper’s major elements: Background (or Objectives),
Methods, Results, and Conclusions. The structured format,
which became standard in many journals during the 1990s,
ensures that all essential information is present and easily
located. Unstructured abstracts — a single paragraph without
labeled sections — remain common in some basic science
journals and in letters or short communications. Whether
structured or unstructured, the abstract should be self-
contained: it should not include references, should not use
unexplained abbreviations, and should give quantitative
results (with statistical measures) rather than vague
qualitative characterizations.

The practical advice to write the abstract last is almost
universally given and almost universally correct. The abstract
summarizes the paper; it can only be written accurately once
the paper exists. A common approach is to write one or two
sentences for each section of the paper — the question, the
design, the sample, the primary outcome, the statistical
approach, the main finding, and the principal conclusion —
and then to edit these sentences into a coherent, concise
paragraph or structured summary. The final abstract should
be checked against the full text of the paper to ensure that it
accurately represents the methods used, the results obtained,
and the conclusions drawn.



WRITING CLEARLY: VOICE, JARGON,
AND THE REVISION PROCESS

The debate over active versus passive voice in scientific writing
has occupied more column inches in writing guides than its
practical importance perhaps warrants. The conventional
wisdom — still dominant in much of biomedicine — holds that
scientific writing should use the passive voice to preserve the
appearance of objectivity (“samples were centrifuged” rather
than “we centrifuged the samples”). The counterargument,
advanced by science writing instructors including those who
have influenced journal style at outlets like Nature and
Science, holds that active voice is clearer, more direct, and no
less objective — that the passive voice often obscures agency
and produces verbose, unnecessarily complex sentences
Gopen & Swan 1990. Both positions have merit, and the
appropriate choice often depends on the specific sentence
rather than on a blanket policy. What matters most is clarity:
the sentence that communicates most precisely and efficiently,
regardless of its grammatical voice, is the better sentence.

Jargon presents a related challenge. Every scientific field
develops specialized vocabulary that allows efficient
communication among insiders but creates barriers for
outsiders. Some technical terms are genuinely necessary —
there is no everyday synonym for “phosphorylation” that is
more precise — and using them is appropriate and efficient
for a specialist audience. But technical terms used out of habit,
terms that could be replaced by simpler language without loss
of precision, and acronyms that are introduced and then not
used again all impose costs on the reader without providing
compensating benefits. Writing for the broadest reasonable
audience — not dumbing down the science, but not
unnecessarily restricting access to it — is a practice that
improves scientific communication across the board.

AUTHORSHIP AND THE WRITING
PROCESS

Authorship on scientific papers carries both credit and
responsibility, and the criteria that determine who qualifies as
an author have become increasingly formalized in response to
high-profile cases of guest authorship (adding famous names
who made no contribution to enhance a paper’s chances of
acceptance) and ghost authorship (omitting the names of
people — often industry employees — who played a significant
role in the work) ICMJE 2023. The International Committee of
Medical Journal Editors (ICMJE) has defined authorship criteria
that are now widely adopted: to qualify as an author, a
contributor must have made substantial contributions to the
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conception or design of the work, or to the acquisition,
analysis, or interpretation of data; must have drafted or
critically revised the work for important intellectual content;
must have approved the final version; and must be
accountable for all aspects of the work. Contributors who meet
some but not all of these criteria should be acknowledged
rather than listed as authors.

The practical writing process for a multi-author paper involves
coordination, negotiation, and iteration. A common approach
is for the first author (typically the investigator most
responsible for the work) to produce initial drafts of each
section and to circulate them to co-authors for revision.
Comments and revisions from multiple co-authors must be
integrated, which requires clear communication about
priorities and a process for resolving disagreements. Version
control — whether through shared document platforms like
Google Docs or through a system of clearly named file
versions — is essential to avoid the confusion of multiple
divergent drafts circulating simultaneously.

The revision process is not a final-stage tidying; it is where
much of the real writing happens. Most experienced scientific
writers report that their first drafts are rough and that the
quality of their writing is determined primarily by the number
and care of their revisions. Reading the paper aloud, having it
read by someone unfamiliar with the work, setting it aside for
several days before rereading it — all of these strategies help
writers identify passages that are unclear, arguments that are
incomplete, and sections that are out of proportion. The
investment in thorough revision pays off not only in better
writing but in faster peer review, since clearly written papers
are easier for reviewers to evaluate and are less likely to
generate requests for clarification that delay the publication
process. Clear scientific writing is not merely an aesthetic
virtue; it is a form of respect for the reader’s time and an
obligation to the enterprise of science itself Perkel 2020.
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Selecting the Right Journal

Choosing where to submit your manuscript is one of the most
consequential decisions you will make in the publication
process. A well-matched journal increases the likelihood of
acceptance, shortens the time to publication, and ensures that
your work reaches the audience most likely to benefit from it.
Yet many researchers approach journal selection primarily
through a single lens — the impact factor — while overlooking
the full constellation of factors that determine whether a
journal is genuinely the right home for a given piece of work.
This chapter examines the tools and criteria that should guide
journal selection, from understanding and contextualizing
metrics to evaluating open access options, assessing
turnaround times, and protecting yourself from the growing
hazard of predatory publishing.

THE IMPACT FACTOR: WHAT IT
MEASURES, WHAT IT DOES NOT, AND
WHY IT SHOULD NOT BE YOUR ONLY
CRITERION

The Journal Impact Factor (JIF), published annually by Clarivate
in the Journal Citation Reports, is calculated as the mean
number of citations received in a given year by articles
published in that journal during the two preceding years. A
journal with an impact factor of 10 received, on average, 10
citations per article published in the prior two years. The JIF
was originally designed as a tool for librarians deciding which
journals to subscribe to, not as a measure of the quality of
individual articles or authors Hicks et al. 2015.

Despite its limited intended scope, the impact factor has
become one of the most widely misused metrics in science.
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Hiring committees, grant panels, and promotion boards
routinely treat publication in a high-impact journal as a proxy
for research quality — a conflation that has been extensively
criticized DORA 2013. The problems with this practice are both
statistical and scientific. The distribution of citations within any
given journal is highly skewed: a small number of papers
attract the vast majority of citations, while the median article
in even a prestigious journal may be cited far less than the
journal's overall impact factor implies. Publishing in a high-
impact journal does not guarantee that your specific article
will be widely cited, and publishing in a lower-impact journal
does not mean your work is less important.

Beyond the statistical problem, impact factors vary
dramatically across disciplines in ways that make cross-field
comparisons meaningless. A journal impact factor of 3.0 might
be considered outstanding in mathematics and unremarkable
in cell biology. Review articles, methods papers, and dataset
papers are cited differently from primary research, yet all are
bundled together in a single journal-level number. The two-
year citation window also disadvantages fields where
important work is cited over a longer time horizon, such as
ecology, history of science, or computational methods
development.

The San Francisco Declaration on Research Assessment
(DORA), which has been signed by thousands of researchers
and institutions worldwide, explicitly calls for the elimination
of journal-based metrics in hiring, promotion, and funding
decisions DORA 2013. The Leiden Manifesto similarly argues
that metrics should inform judgment rather than substitute
for it Hicks et al. 2015. These frameworks do not suggest that
impact factors are worthless, but they insist that such metrics
be used critically and in combination with other evidence of
quality and significance.



ALTERNATIVE METRICS AND HOW TO
INTERPRET THEM

Because no single metric captures all dimensions of a journal's
reach or relevance, several alternative indicators have been
developed, each illuminating a different facet of journal
performance.

CiteScore, published by Elsevier’s Scopus, is calculated using a
four-year citation window rather than two years, which
reduces volatility and provides a more stable picture of a
journal’s long-term citation performance. It also includes a
broader range of document types in both the numerator and
denominator, which some argue makes it a more
representative measure of a journal’s overall output. SCImago
Journal Rank (SJR) weights citations by the prestige of the
citing journal, drawing on the same logic as Google’s
PageRank algorithm — a citation from a highly cited journal
counts for more than a citation from a low-cited one.
Eigenfactor, developed by Jevin West and Carl Bergstrom,
similarly takes the source of citations into account and has the
advantage of being freely accessible at eigenfactor.org.

The h5-index, as reported by Google Scholar Metrics, identifies
the largest number h such that at least h articles published in
the past five years have each been cited at least h times. This
metric is entirely transparent in its calculation and covers a
broader range of journals, including newer open access
venues, than commercial alternatives. However, like all
citation-based metrics, it is subject to field-level variation and
should be interpreted within disciplinary context.

What these metrics share is that they describe journal-level
behavior, not the quality of your specific article. Used
thoughtfully, they can help you understand roughly where a
journal sits within its field and whether it attracts the kind of
readership likely to engage with your work. Used uncritically,
they become a prestige hierarchy that distorts scientific
incentives and disproportionately disadvantages early-career
researchers, who face pressure to aim for top-tier journals
even when their work would be better served by a more
specialized, lower-profile venue.

SCOPE FIT: THE MOST IMPORTANT
CRITERION

If there is a single criterion that should drive journal selection
above all others, it is fit between your manuscript and the
journal’s stated scope, established readership, and recently
published content. A manuscript submitted to a journal whose
scope does not encompass your topic will almost certainly
receive a desk rejection — a rejection issued by the editor
without external review — regardless of the quality of the
work. Desk rejections are common: at high-profile journals,
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they account for the majority of all decisions, sometimes
exceeding 70 or 80 percent of submissions.

Evaluating scope fit requires more than reading a journal’s
aims and scope statement. Spend time examining the last two
or three years of published articles. Does the journal publish
work at a similar scale and type to yours — primary research,
methods papers, reviews, brief communications? Does it
publish in your specific subfield, or does it cover your broader
discipline but rarely venture into your particular topic? Are the
methodological approaches in published articles similar to
yours, or does the journal have strong preferences for
particular techniques or frameworks?

Reading recently published articles also gives you a sense of
the journal’s expectations for manuscript length, figure
quality, supplementary data conventions, and reference style.
Journals that attract the kind of work you are trying to do are
likely to have reviewers with appropriate expertise, editors
with relevant backgrounds, and readers who will understand
and value your contribution Piwowar et al. 2018. A paper that
lands in exactly the right journal will find an engaged
audience; a paper that lands in a technically excellent but
thematically mismatched journal may languish unread.

OPEN ACCESS OPTIONS: HYBRID,
FULLY OA, AND DIAMOND MODELS

As open access mandates from funders become more
widespread and institutional OA agreements proliferate, the
open access model of your target journal is an increasingly
important practical consideration Suber 2012. Most
subscription journals now offer a hybrid open access option, in
which authors can pay an Article Processing Charge (APC) to
make their individual article freely available even though the
journal as a whole remains behind a paywall. APCs at hybrid
journals can range from a few hundred dollars to over five
thousand dollars, and many institutions have negotiated
transformative agreements with publishers that cover or
subsidize these fees for affiliated authors.

Fully open access journals publish all content freely without a
subscription, typically funded through APCs, institutional
support, or a combination of the two. The Public Library of
Science (PLOS) journals pioneered this model in the life
sciences; journals such as eLife, PLOS Biology, PLOS Genetics,
and the suite of journals from BioMed Central now occupy a
well-established tier of respected, fully OA venues. Diamond
open access journals charge neither subscription fees to
readers nor APCs to authors, and are typically supported by
professional societies, universities, or consortia. Many
diamond OA journals are smaller or more specialized, but they
occupy an important niche for researchers whose funders do
not cover APCs and who want their work to be freely available
Piwowar et al. 2018.
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Understanding your funder’s open access requirements
before selecting a journal is essential. Many major funders,
including the NIH, Wellcome Trust, and the funders covered
under Plan S, require that publications resulting from their
grants be made freely available within a specified time period.
Some funders require immediate open access upon
publication; others allow embargo periods. Some mandate
specific licenses, such as Creative Commons Attribution (CC
BY), which permits unrestricted reuse with attribution.
Choosing a journal incompatible with your funder’s
requirements can create compliance problems after
acceptance.

TURNAROUND TIME, REJECTION
RATES, AND PRACTICAL
CONSIDERATIONS

Beyond metrics and open access models, several practical
factors deserve consideration when selecting a journal.
Turnaround time — the interval between submission and first
decision — varies enormously across journals and disciplines.
Some journals pride themselves on rapid peer review,
returning decisions within two to four weeks; others routinely
take three to six months or longer. For time-sensitive work,
particularly in fast-moving fields, a journal’s typical turnaround
time can be as important as its impact factor.

Rejection rates, while less commonly published by journals,
can often be inferred from published statistics, editor
comments, or informal community knowledge. A journal with
a very high overall rejection rate (sometimes exceeding 90
percent at top-tier journals) implies a long queue of
submissions and a significant probability of desk rejection.
This does not mean you should avoid high-rejection journals if
your work is a genuine fit, but it does mean you should be
realistic about timelines and have a clear plan for where to
send the manuscript next if it is rejected.

Editorial responsiveness and transparency are worth
considering as well. Does the journal have a clear, accessible
editorial board? Are processing times publicly reported? Does
the journal have a stated conflict-of-interest policy? Does it
belong to a recognized publishing organization such as the
Committee on Publication Ethics (COPE)? These markers of
editorial infrastructure signal that a journal takes its
responsibilities seriously and has mechanisms in place to
handle problems if they arise.

JOURNAL FINDER TOOLS
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Several publisher-provided and independent tools can help
you systematically match your manuscript to appropriate
journals. Springer’s Journal Suggester allows you to enter your
title, abstract, or keywords and returns a list of Springer
Nature journals ordered by fit. The Elsevier Journal Finder
offers a similar service for Elsevier’s portfolio. Edanz Journal
Selector and Enago’s Journal Finder are publisher-neutral tools
that search across multiple publishers and can be particularly
useful if you do not have a strong prior preference for a
particular publisher’s portfolio. The Jane (Journal/Author
Name Estimator) tool, developed by Biosemantics, matches
titles and abstracts against PubMed content to identify
journals that have published similar work, which is one of the
most direct indicators of scope fit.

While these tools are useful starting points, they should be
treated as suggestions rather than authoritative
recommendations. Their algorithms optimize for keyword
matching and citation patterns, not for the subtler dimensions
of fit that come from reading a journal’s published content
carefully. A journal finder tool might suggest a journal that has
published in your subfield but that has recently changed
editorial direction, or that has a long turnaround time, or that
is not compatible with your funder’s open access
requirements. Use these tools to generate a list of candidates,
then apply the more careful evaluative criteria described
above to narrow that list to a final choice.

AVOIDING PREDATORY JOURNALS

The growth of the open access publishing model has been
accompanied by the proliferation of predatory journals —
outlets that charge APCs while providing little or no genuine
editorial service, including peer review Beall 2012. Predatory
journals damage science by publishing work that has not been
rigorously vetted, waste researchers’ money, and exploit early-
career researchers and researchers from lower-income
countries who may be less familiar with the landscape.
Identifying predatory journals has become increasingly
difficult as their operators have grown more sophisticated in
mimicking the appearance of legitimate journals.

Several red flags warrant caution. Be wary of journals that
solicit submissions via unsolicited email, particularly emails
that contain flattery about your prior work or implausibly rapid
promises of publication. Examine the editorial board carefully:
predatory journals sometimes list researchers as editors
without their knowledge, feature editorial boards composed
largely of unknown figures, or list editors from institutions that
do not match their stated specializations. Check whether the
journal is indexed in PubMed, Web of Science, or Scopus —
legitimate journals in the life sciences are typically indexed in
at least one of these databases, though indexing alone is not a
guarantee of quality.



Verify that the journal is a member of recognized industry
organizations: the Directory of Open Access Journals (DOA))
maintains a curated list of vetted open access journals, and
membership in COPE signals adherence to ethical publishing
standards. The Think. Check. Submit. initiative
(thinkchecksubmit.org) provides a practical checklist for
evaluating unfamiliar journals. If you are uncertain about a
journal’s legitimacy, consult your institution’s librarians, who
often maintain local lists of journals to avoid and can help you
verify a journal’s credentials.

PREPRINT SERVERS AS A FIRST STEP

An increasingly common practice in the life sciences, and now
spreading into other disciplines, is to deposit a preprint — a
version of the manuscript prior to formal peer review — on a
preprint server before or concurrent with journal submission.
The two most prominent preprint servers in the life sciences
are bioRxiv, which covers biology broadly, and medRxiv, which
focuses on clinical and health sciences. Both are operated by
Cold Spring Harbor Laboratory and provide free, immediate
open access to deposited manuscripts, which are assigned a
DOI and become citable as soon as they are posted.

Preprints serve several important functions in the publication
workflow. They allow your work to enter the scientific
conversation months or even years before it would be formally
published, particularly valuable in fast-moving fields. They
signal priority — the date of deposition establishes when your
results were available, which can matter when multiple groups
are working on similar problems. They enable community
feedback before formal submission, potentially improving the
quality of the manuscript. And they fulfill open access
obligations for funders who require immediate open access,
since the preprint version is freely available even if the final
published version is behind a paywall Piwowar et al. 2018.

Most journals in the life sciences now explicitly permit preprint
deposition, and many editors report that preprint availability
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does not affect their willingness to consider a manuscript for
review. A small number of journals still consider preprint
deposition to constitute prior publication and will decline such
manuscripts; it is worth checking a target journal’s policy
before depositing. Overall, preprinting has become a standard
part of the dissemination workflow for many researchers and
represents one of the most impactful steps you can take to
maximize the reach of your work.

Selecting the right journal ultimately requires integrating
multiple streams of information: quantitative metrics
interpreted with appropriate skepticism, careful reading of the
journal’s published content, practical assessment of
turnaround times and open access requirements, and vigilant
awareness of the risks posed by predatory outlets. No
algorithm or journal finder tool can substitute for the
judgment that comes from knowing your own work, knowing
your field, and taking the time to read carefully before you
submit.

BIBLIOGRAPHY

American Society for Cell Biology. (2013). San Francisco
Declaration on Research Assessment (DORA).
https://sfdora.org/read/

Beall, J. (2012). Predatory publishers are corrupting open access.
Nature, 489(7415), 179. https://doi.org/10.1038/489179a

Hicks, D., Wouters, P., Waltman, L., De Rijcke, S., & Rafols, I.
(2015). Bibliometrics: The Leiden Manifesto for research
metrics. Nature, 520(7548), 429-431.
https://doi.org/10.1038/520429a

Piwowar, H., Priem, J., Larivieére, V., Alperin, J. P., Matthias, L.,
Norlander, B., ... & Haustein, S. (2018). The state of OA: A large-
scale analysis of the prevalence and impact of open access
articles. Peer], 6, e4375. https://doi.org/10.7717/peer;j.4375

Suber, P. (2012). Open Access. Cambridge, MA: MIT Press.
https://doi.org/10.7551/mitpress/9286.001.0001

39


https://sfdora.org/read/
https://doi.org/10.1038/489179a
https://doi.org/10.1038/520429a
https://doi.org/10.7717/peerj.4375
https://doi.org/10.7551/mitpress/9286.001.0001

Submitting Your Manuscript and
Navigating Peer Review

The moment you submit a manuscript, your work enters a
social and institutional process that is simultaneously
technical, rhetorical, and interpersonal. Peer review — despite
its well-documented limitations — remains the primary
mechanism by which the scientific community validates and
integrates new knowledge. Understanding how this process
works, what editors and reviewers are looking for, and how to
respond constructively to feedback are skills that distinguish
researchers who publish regularly from those who find the
process opaque and discouraging. This chapter walks through
the full arc of manuscript submission, from preparing your
files to responding to reviewers, and offers guidance on how
to approach rejection productively.

PREPARING YOUR SUBMISSION

Before you upload a single file, read the journal’s author
guidelines in their entirety. This advice sounds obvious, but a
substantial proportion of manuscripts are returned to authors
— or rejected at desk — simply because they do not conform
to the journal’s stated requirements. Author guidelines specify
the accepted manuscript formats (Word, LaTeX, PDF), the
permitted length in words or pages, the required sections, the
reference style, and the conventions for figures and tables.
Some journals require that figures be submitted as separate
high-resolution files in specific formats (TIFF at 300 dpi, EPS for
line art); others accept figures embedded in the manuscript
document during initial submission. Some journals require
structured abstracts with explicit subheadings; others require
unstructured prose abstracts of a specific word limit.

Figures deserve particular attention. Journals that publish in
print or high-quality digital formats often have exacting
requirements for image resolution, color mode, and font sizes
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within figures. A figure that looks acceptable on screen may
fail to meet print specifications. Confirm that all panels are
labeled consistently, that all abbreviations in figure legends
are defined, and that all figures are cited in the main text in
numerical order. Supplementary materials — additional
datasets, extended methods, supplementary figures and
tables — should be prepared according to the journal’s
specific conventions, as these vary considerably.

Before submission, conduct a final author-list check. Confirm
that all contributors meet the journal’s authorship criteria
(typically based on the ICMJE criteria: conception, execution,
critical revision, and approval of the final version ICMJE 2023),
that the order of authors has been discussed and agreed
upon, and that all authors have read and approved the final
version. Confirm that all authors have disclosed any conflicts
of interest, financial relationships, or competing interests as
required by the journal’s policy. Many journals now also
require registration of author ORCID identifiers, which helps
disambiguate authors and links publications to researchers’
professional records.

THE COVER LETTER

The cover letter is the first thing an editor reads and, for many
editors, the document that determines whether a manuscript
proceeds to external review or is desk-rejected. A well-written
cover letter does not simply repeat the abstract; it frames the
work for the editor, explains why it belongs in this particular
journal, and addresses any issues the editor might otherwise
raise.

Begin by stating the title and type of manuscript (original
research article, review, brief communication) and naming the



corresponding author. In the opening paragraph, make the
case for significance: what is the problem your work
addresses, why does it matter, and what is the key advance
your findings represent? This framing should be tailored to the
journal’s scope and readership — the way you pitch a
manuscript to a broad-audience journal like PLOS Biology
differs from the way you pitch the same work to a specialized
methods journal. The second paragraph should address fit
more directly: why is this journal the right venue? If you are
aware of recent articles in the journal that your work builds on
or speaks to, citing them here signals genuine familiarity with
the journal’s content.

Most journals invite authors to suggest potential reviewers
and to identify individuals who should be excluded from
review. Suggesting reviewers is an opportunity to direct your
manuscript toward experts who have the specific expertise
needed to evaluate your methods and interpret your findings.
Name researchers who have published relevant work, have no
conflict of interest with you or your co-authors, and are likely
to provide a rigorous, fair assessment. Excluding reviewers is
appropriate when a genuine conflict of interest exists — a
direct competitor, a former mentor or student, or someone
with whom you have an ongoing dispute — but should not be
used as a tactic to avoid critical review. Editors are not
obligated to follow either set of suggestions, and most handle
them with appropriate judgment COPE 2017.

SUBMISSION SYSTEMS AND
MANUSCRIPT TRACKING

The majority of journals now use web-based manuscript
submission systems. Editorial Manager, developed by Aries
Systems, and ScholarOne Manuscripts (formerly Manuscript
Central), owned by Clarivate, are the two most widely deployed
platforms in the life sciences and biomedical fields. Both
systems guide you through a structured submission process:
uploading files, entering metadata, confirming authorship and
declarations, and typically a final PDF proof step in which the
system assembles your files into a single document for
editorial review.

When submitting, pay close attention to the metadata fields,
including keywords, suggested subject classifications, and the
manuscript type. These fields help editors route your
manuscript to appropriate associate editors and help the
journal’s search indexing. Keep a record of your submission
confirmation number and the date of submission; you will
need these for any follow-up correspondence. Most systems
allow you to check the current status of your manuscript
through a dashboard, which typically shows stages such as
“With Editor,” “Under Review,” “Decision Pending,” and
“Revision Requested.” These status indicators are useful but
imprecise — “Under Review” may mean that one reviewer has
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agreed and is actively working, or that the editor is still
searching for willing reviewers.

WHAT HAPPENS AFTER SUBMISSION:
DESK REJECTION, EXTERNAL
REVIEW, AND TIMELINES

After submission, your manuscript first reaches an editor —
typically a handling editor or associate editor — who conducts
an initial evaluation. At this stage, the editor assesses whether
the manuscript meets the journal’s minimum criteria: scope,
format, technical completeness, and preliminary significance.
At highly selective journals, the majority of submissions are
rejected at desk without external review, often within days to a
few weeks Lauer & Krumholz 2017. A desk rejection is not
necessarily a sign that the work is poor; it may simply mean
the work does not fit the journal’s current priorities or is not
considered of sufficient novelty for that particular venue.

If the manuscript passes the initial evaluation, it proceeds to
external peer review. The editor identifies two or three experts
in the relevant area, invites them to review, and must wait for
them to accept before review can begin. Because reviewer
invitations are often declined — reviewers are volunteers with
their own competing demands — the time spent recruiting
reviewers can be substantial. Once reviewers have agreed and
submitted their reports, the editor synthesizes their
assessments and makes a decision: accept, accept pending
minor revisions, major revision, or reject.

Timelines vary widely. Some journals commit to first decisions
within three to four weeks; others routinely take three to six
months. Competitive fields with a small pool of experts create
bottlenecks because the same researchers are invited to
review for many journals simultaneously. If you have not
received an acknowledgment of receipt within a week or a
status update within the timeframe specified in the author
guidelines, a polite inquiry to the editorial office is entirely
appropriate Perkel 2020.

TYPES OF PEER REVIEW

The traditional model of single-blind peer review, in which
reviewers know the authors’ identities but authors do not
know the reviewers' identities, remains the most common
form in the life sciences. It is subject to well-documented
biases: reviewers may be influenced by the prestige of the
authors' institutions, their familiarity with the authors’ prior
work, or geographic and demographic biases that shape their
assessments of novelty and significance.

Double-blind peer review, in which both authors and reviewers
are anonymous to each other, attempts to mitigate some of
these biases. Studies comparing double-blind to single-blind
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review have yielded mixed results, in part because reviewer
anonymity is difficult to maintain in specialized fields where a
small number of researchers are active on any given topic
Bohannon 2013. Many journals now offer double-blind review
as an option rather than a requirement, allowing authors to
request it.

Open peer review — in which reviewers are identified to
authors, or in which reviews are published alongside the
article — is less common but growing, particularly among
some open access journals. Proponents argue that
transparency increases accountability and the quality of
reviews; critics argue that named reviewers may be less willing
to provide frank negative assessments of work by senior or
influential researchers. Some journals, including eLife and
EMBO Journal, publish reviewer reports alongside accepted
articles as a way of making the review process more
transparent to readers. Whatever form peer review takes, its
purpose remains the same: to provide expert scrutiny that
helps identify errors, strengthen interpretations, and assess
the significance of new findings.

INTERPRETING REVIEWER
COMMENTS

When a decision arrives, read it carefully before reacting
emotionally. Editors’ decision letters vary in the degree to
which they synthesize reviewers’ comments versus simply
transmit them, but a key signal is the decision itself. An
outright rejection with no invitation to revise means the editor
does not wish to see a revised version at this journal and you
should plan to submit elsewhere. A rejection with an invitation
to submit a substantially revised version is a soft form of
rejection; it means the editor sees potential but is not
committing to reconsider without significant changes, and
there is no guarantee that a revised version will be accepted.
Major revision means the editor is interested but significant
concerns must be addressed; this is a good outcome, though
not yet an acceptance. Minor revision means the editor and
reviewers are largely satisfied and you are very close to
acceptance.

Reviewers' reports can range from brief and unhelpful to
extensive and detailed. A common response to critical reviews,
especially for early-career researchers, is a sense of
discouragement or defensiveness. This is entirely natural, but
it is important to approach reviewer comments as a resource
rather than an attack. Reviewers are typically experts who
have read your manuscript carefully and identified genuine
areas of confusion, weakness, or omission. Even when a
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comment seems unfair or based on a misreading of your
methods, it may signal that your writing was insufficiently
clear — a problem worth addressing regardless of whether
you agree with the reviewer’s conclusion.

Read all reviewer comments before deciding how to respond.
Sometimes what appear to be contradictory reviewer requests
can be resolved through a careful revision that addresses the
underlying concerns without satisfying the letter of conflicting
demands. Identify which requests require new experiments or
analyses, which require clarification of existing results, and
which require revision of the prose. Communicate with your
co-authors before beginning the revision, particularly if new
experimental work is involved, since such work takes time and
resources and all authors should be aligned on strategy.

WRITING A RESPONSE LETTER

The response letter — also called a point-by-point response or
rebuttal letter — is submitted alongside your revised
manuscript and serves two functions: it demonstrates to the
editor that you have taken the reviewers’ comments seriously,
and it provides a clear account of every change you have made
and why. A well-written response letter can be as important as
the revised manuscript itself, because editors often read the
response letter before reviewing the manuscript to determine
whether you have addressed the major concerns.

The standard format is to reproduce each reviewer comment
in full, followed by your response. Begin each response with a
brief acknowledgment of the concern, then explain what you
did (added new data, revised a figure, rewrote a section) and
why. If you disagree with a reviewer’s comment and have
chosen not to comply, explain your reasoning calmly and
provide evidence. Reviewers are not always right, and editors
generally appreciate authors who can articulate a reasoned,
evidence-based justification for not making a requested
change. What editors and reviewers do not appreciate is a
dismissive response that brushes aside concerns without
engagement.

Keep your responses specific and respectful. Phrases like “we
thank the reviewer for this insightful comment” have become
somewhat formulaic, but genuine engagement with the
substance of the review signals that you are a careful and
responsive scientist COPE 2017. Indicate in the response letter
where in the revised manuscript each change can be found —
page number, line number, or section — so that editors and
reviewers can quickly verify that you have made the changes
you claim. Many authors also submit a version of the
manuscript with tracked changes to make verification even
easier; check whether the journal requires or recommends
this.



REJECTION AND RESUBMISSION
STRATEGY

Rejection is a universal experience in science. Even highly
accomplished researchers accumulate substantial rejection
histories, and some of the most influential papers in biology
were rejected by the first journal to which they were
submitted. What distinguishes productive researchers is not
freedom from rejection but the ability to respond to it
efficiently and strategically.

When a manuscript is rejected, the first question to ask is
whether the reviewers identified genuine scientific problems
that need to be addressed before the paper is submitted
anywhere else. If major concerns were raised about your
experimental design, statistical analysis, or interpretation, it is
in your long-term interest to address these before
resubmitting, even though it takes time. Submitting a flawed
manuscript to a succession of journals in the hope that one
will accept it regardless of its problems is a short-term strategy
with long-term costs to your reputation.

If the rejection was a matter of fit rather than scientific quality
— the work was technically sound but outside the journal’s
current priorities — you can often reformat the manuscript for
the next journal relatively quickly. Identify the next journal on
your list before you submit the first time, so that a rejection
does not leave you without a plan. When reformatting for a
new journal, take the time to genuinely tailor the introduction
and discussion to the new journal’s scope and readership;
editors can tell when an introduction has simply had its first
paragraph updated while the rest was left unchanged.

Appeals — formal requests to the editor to reconsider a
rejection — are appropriate in specific circumstances: when a
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reviewer has made a factual error that clearly drove the
decision, when a reviewer’'s comments suggest a fundamental
misunderstanding of your methods, or when new information
has emerged since submission that is directly relevant to the
reviewers' concerns. Appeals are not appropriate simply
because you disagree with the editor’'s assessment of novelty
or significance. A clear, specific, evidence-based appeal written
promptly after rejection has a reasonable chance of success; a
frustrated appeal that argues for the importance of your work
in general terms rarely does Lauer & Krumholz 2017.

The peer review process is imperfect, inconsistent, and at
times frustrating. It is also the best system the scientific
community has developed for collective quality control, and
engaging with it skillfully — preparing carefully, responding
constructively, and learning from every decision — is an
essential part of scientific practice.
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Open Access Publishing

The movement to make scientific research freely available to
anyone with an internet connection has reshaped academic
publishing over the past two decades. What began as a
philosophical argument — that publicly funded research
should be publicly accessible — has become an increasingly
concrete set of policies, funding mandates, and business
models that affect where and how researchers publish their
work. Understanding the open access landscape is no longer
optional for researchers in the life sciences: funder
requirements, institutional agreements, and community
norms increasingly expect familiarity with the range of open
access options and the practical implications of each. This
chapter explains the major models of open access, traces the
policy landscape, and offers practical guidance for navigating
your own publication decisions.

THE OPEN ACCESS SPECTRUM

Open access is not a single, uniform model but a spectrum of
approaches that differ in who pays, when access is provided,
and what rights readers and downstream users have over the
content Suber 2012. The four most commonly discussed
categories are green, gold, diamond, and bronze open access,
each with distinct implications for authors, publishers, and
readers.

Green open access refers to the practice of depositing a
version of a published article in an open repository, such as an
institutional repository or a subject-specific archive, where it
can be read freely. The deposited version is typically either the
accepted manuscript (the peer-reviewed version before
publisher formatting, also called the Author Accepted
Manuscript or AAM) or, less commonly, the published version
of record, depending on the publisher’s policies. Green OA
does not require paying a fee; it is an act of self-archiving that
complements rather than replaces traditional journal

44

publication. The main limitation is that journal publishers
often impose embargo periods — typically six to twelve
months, though sometimes longer — during which the
accepted manuscript may not be publicly deposited. PubMed
Central, Europe PMC, and thousands of institutional
repositories worldwide host green OA content.

Gold open access refers to publication in a journal that makes
articles freely available immediately upon publication, funded
through Article Processing Charges (APCs) paid by the author,
their institution, or their funder. The APC model has enabled
the growth of journals that provide immediate, unrestricted
access to all published content, and some of the most rigorous
journals in the life sciences — PLOS Biology, eLife, and the
suite of journals from BioMed Central — operate on this
model. Gold OA also describes hybrid journals, which are
subscription journals that offer authors the option to pay an
APC to make their individual article open access while the
remainder of the journal remains behind a paywall. The hybrid
model has been controversial because it allows publishers to
collect both subscription revenue and APC revenue
simultaneously, a practice critics call “double dipping”
Piwowar et al. 2018.

Diamond open access, sometimes called platinum OA,
describes journals that charge no fees to authors and provide
free access to readers, funded instead through institutional
subsidy, society support, government grants, or volunteer
labor. Many diamond OA journals are run by professional
societies, universities, or research institutes and operate at
modest scale. While diamond OA journals may lack the brand
recognition of major commercial publishers, they represent an
important part of the open access ecosystem, particularly for
disciplines and regions where APCs create prohibitive barriers.

Bronze open access is a less formal category that describes
content made temporarily or conditionally free on publisher



websites — for example, during a promotional campaign or in
response to a public health emergency — without a
permanent open license. Bronze OA is generally not
considered equivalent to genuine open access because the
publisher can withdraw access at any time.

GREEN OA: SELF-ARCHIVING AND
REPOSITORIES

Self-archiving in a repository is the most universally available
open access option, because it does not require paying an APC
and is permitted, at least in principle, by the vast majority of
publishers. The key questions are which version you may
deposit, when you may deposit it, and where. Publisher
policies on self-archiving vary and can be looked up through
the SHERPA/ROMEO database (sherpa.ac.uk/romeo), which
maintains a comprehensive, searchable record of journals’
self-archiving permissions organized by publisher and journal
title.

PubMed Central (PMC), operated by the National Library of
Medicine, is the most important open access repository for
biomedical research in the United States. NIH-funded
researchers are required to deposit their accepted
manuscripts in PMC no later than one year after publication,
and the NIH Public Access Policy enforcement mechanisms
have been significantly strengthened in recent years NIH 2023.
Europe PMC serves a similar function for research funded by
Wellcome Trust, the Medical Research Council, and other
European funders. Institutional repositories, typically operated
by university libraries, provide another deposit option and
often include staff who can help researchers navigate
publisher policies and manage deposits.

One important practical consideration is timing. Depositing a
preprint before submission to a journal (see discussion of
preprints below) creates a version of record that is
immediately publicly accessible, while depositing a peer-
reviewed accepted manuscript after journal acceptance
ensures that the version with the benefit of peer review is
eventually freely available. These two strategies are
complementary, not mutually exclusive, and together they
maximize the public accessibility of your work across the full
timeline of the publication process.

GOLD OA: ARTICLE PROCESSING
CHARGES AND INSTITUTIONAL
AGREEMENTS

For researchers whose work is funded by grants with explicit
open access requirements, or who want immediate open
access rather than delayed deposit, gold OA — paying an APC
to publish in an open access or hybrid journal — is often the
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path of least resistance Piwowar et al. 2018. APCs vary
enormously: at fully open access journals, they range from a
few hundred dollars (or nothing, at diamond OA journals) to
several thousand; at hybrid journals operated by major
commercial publishers, APCs can exceed five thousand dollars
for immediate open access in a high-impact journal.

Many institutions have negotiated transformative agreements
(also called read-and-publish agreements) with major
publishers that allow researchers affiliated with those
institutions to publish open access in participating journals
without paying APCs out of their grant budgets. These
agreements are typically structured so that the institution’s
library pays a single fee covering both subscription access to
the journal’s content and open access publication rights for
affiliated authors. The coverage varies by agreement: some
cover all articles by corresponding authors at the institution;
others cover only articles in specific journal titles or portfolios.
Your institution’s library is the best source of information
about which agreements are in place and how to claim your
open access publication rights.

When APCs must be paid from grant funds, confirm that your
funding source explicitly permits this use. Most major funders
— including the NIH, Wellcome Trust, and the Research
Councils UK — allow APCs to be charged to grant budgets, but
the rules differ by funder and by grant type. Some funders
require that APCs be covered by dedicated open access funds
rather than research activity budgets. Planning for APCs
during the grant proposal stage, rather than scrambling to
find funds at the time of publication, is a practice that prevents
last-minute complications.

FUNDER MANDATES: NIH, PLANSS,
AND WELLCOME TRUST

The policy landscape around open access has shifted
dramatically in recent years, driven by large funders who have
concluded that free and immediate access to research findings
is essential to maximizing the return on their investments
McKiernan et al. 2016. Understanding the specific
requirements of your funders is not merely a matter of
compliance; it shapes which journals are available to you and
what types of licenses you are required to use.

The NIH Public Access Policy, which has been in effect since
2008, requires that all peer-reviewed articles arising from NIH
funding be deposited in PubMed Central and made publicly
accessible no later than twelve months after publication.
Beginning in 2026, updated NIH guidelines require immediate
open access — zero embargo — for most NIH-funded
publications, aligning with the memo issued by the Office of
Science and Technology Policy (OSTP) in 2022 directing all
federal agencies to transition to immediate public access for
all federally funded research NIH 2023. These requirements
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apply to the final peer-reviewed manuscript; they do not
require authors to pay APCs, though APC-based publishing is
one way to comply.

Plan S, a coalition initiative led by cOAlition S and supported by
the European Commission, Wellcome Trust, and a growing
number of national funders, requires that all research funded
by participating funders be published in fully open access
venues or deposited in open repositories with no embargo
period. Plan S also requires that published articles carry a
Creative Commons Attribution (CC BY) license, ensuring not
only free access but the right to reuse, translate, and build
upon published work with attribution. The Wellcome Trust,
one of the world’s largest private funders of biomedical
research, has its own open access policy aligned with Plan S
principles and imposes financial penalties on grant holders
who fail to comply.

CREATIVE COMMONS LICENSES:
WHAT THEY MEAN FOR YOUR WORK

Open access publishing is most valuable when it is
accompanied by a clear statement of what readers and
downstream users are permitted to do with the content.
Creative Commons licenses, which are applied to the vast
majority of open access articles, provide a standardized
framework for communicating these permissions Suber 2012.

The most permissive and widely used Creative Commons
license is CC BY (Attribution), which allows anyone to copy,
distribute, adapt, and even commercially exploit the work,
provided they give appropriate credit to the original authors.
This is the license required by most Plan S funders and
Wellcome Trust, because it creates the fewest barriers to
reuse, including translation, inclusion in textbooks, meta-
analysis, and text and data mining. CC BY-NC (Attribution-
NonCommercial) adds a restriction prohibiting commercial
use, which some researchers prefer because it prevents
commercial entities from profiting from their work without
permission. CC BY-ND (Attribution-NoDerivatives) prohibits
the creation of derivative works, which effectively precludes
translation, adaptation, or revision — a significant limitation
for work that might be incorporated into educational materials
or systematic reviews. CC BY-SA (Attribution-ShareAlike)
requires that derivative works be distributed under the same
license, similar to the “copyleft” principle in software licensing.

Choosing a license involves balancing your desire to maximize
the reuse and impact of your work against any specific
concerns about commercial exploitation or derivative use. For
most life sciences research, CC BY represents the best balance:
it maximizes reach, is compatible with text and data mining,
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and is required by many of the largest funders. However, your
choice may be constrained by your funder’s requirements or
by the journal’s policies, which may offer only certain license
options.

PREPRINTS AS IMMEDIATE OPEN
ACCESS

Preprints — manuscripts deposited in open repositories
before or during peer review — have emerged as one of the
most practical and impactful ways to achieve immediate open
access without paying an APC. When you deposit a preprint on
bioRxiv, medRxiv, or another preprint server, the manuscript is
assigned a DOI and becomes freely and permanently
accessible to anyone worldwide, typically within a day or two
of submission. The preprint version is the one you control
completely; it is not subject to publisher formatting
restrictions, copyright transfer, or embargo periods Piwowar
et al. 2018.

The preprint ecosystem has matured significantly since the
COVID-19 pandemic, during which preprints became a critical
channel for rapid dissemination of research findings. Science
journalists, policymakers, and other researchers came to
routinely access and cite preprints, accelerating the
normalization of preprints as legitimate scientific outputs.
Many funding agencies now accept citations to preprints in
grant applications, and many journals — including high-profile
venues like Nature and Cell — have policies explicitly
permitting preprint deposition.

It is important to communicate clearly when citing or
discussing preprints that they have not been peer reviewed.
Preprints vary enormously in quality, and without the editorial
filter that peer review provides, readers bear greater
responsibility for critically evaluating methods and
conclusions. For your own work, posting a preprint does not
eliminate the need to pursue formal publication; it makes your
work available more quickly while that process proceeds.

FINDING YOUR INSTITUTION’S OA
RESOURCES

Navigating the open access landscape is easier when you
know where to look for local support. Most research
universities have librarians who specialize in scholarly
communication and open access, and many institutions have
dedicated open access offices or programs that can advise on
funder compliance, APC funding, and institutional repository
deposit. Your institution’s library website likely includes
information about any transformative agreements with
publishers, APC funds or waivers available to affiliated
researchers, and the institutional repository’s deposit
procedures.



Conversations with your advisor, department administrator, or
grants manager can also clarify the open access requirements
attached to your specific funding sources. When preparing a
grant proposal, reading the funder’s data sharing and
publication policies in advance allows you to budget for any
anticipated APCs and to choose a dissemination strategy that
ensures compliance from the outset. Open access is no longer
an optional add-on to the publication process; for many
researchers, it is a condition of funding and an expectation of
the scientific community. Building familiarity with the available
options positions you to meet these expectations efficiently
and to maximize the reach of your work.
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Conferences, Posters, and Oral
Presentations

Scientific conferences occupy a unique position in the research
ecosystem. Unlike journal articles, which communicate
finalized results to a broadly distributed, asynchronous
audience, conferences create synchronous encounters —
opportunities for researchers to share work in progress,
receive immediate feedback, encounter unexpected
connections across subfields, and build the professional
relationships that shape careers over time. For graduate
students and early-career researchers, mastering the
conference presentation in its various forms — abstract,
poster, and oral talk — is an investment that pays returns in
visibility, collaboration, and the informal education that only
comes from sustained immersion in a professional
community.

WHY CONFERENCES MATTER

The scientific value of conferences is sometimes
underestimated by researchers trained to measure impact
through publications and citation counts. Yet the informal
conversations that happen at conferences — in hallways, over
coffee, during poster sessions — have historically been
important drivers of collaboration, hypothesis generation, and
the cross-pollination of methods across fields NASEM 2018. A
researcher whose work you have read and cited becomes a
three-dimensional colleague when you meet them face to
face; the relationship that begins with a brief exchange at a
poster may eventually produce a co-authored paper, a
collaborative grant, or a job recommendation.

For graduate students in particular, conferences serve several

functions simultaneously. They provide an occasion to present
your work to an audience beyond your immediate department
and receive feedback from experts who are not your
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committee members. They expose you to the breadth of your
field, including lines of inquiry you may not have encountered
in your coursework or reading. They offer a structured
introduction to the professional culture of your discipline —
how talks are given, what kinds of questions are asked, how
scientists interact across career stages. And they connect you
to the job market, both because prospective employers attend
conferences and because the visibility you gain through a
strong presentation contributes to the professional reputation
that precedes a job application Woolston 2019.

The career benefits of conference participation extend beyond
the presentations themselves. Conference workshops,
symposia, and professional development sessions often
address topics — grant writing, mentoring, equity in science —
that are not covered in standard graduate training.
Professional society meetings in particular typically include
programming specifically for trainees, from networking mixers
to career panels, that can provide orientation in a field's
community and culture. Taking full advantage of these
opportunities requires attending with intention, not simply
presenting your poster and leaving.

FINDING THE RIGHT CONFERENCES

Not all conferences are equally valuable for every researcher,
and strategic selection matters. Professional society meetings
are the anchor events in most disciplines: the American
Society for Cell Biology (ASCB), the American Association for
the Advancement of Science (AAAS), the American Society for
Microbiology (ASM), the Ecological Society of America, the
Society for Neuroscience, and dozens of other societies hold
annual or biennial meetings that are the primary gathering
points for their respective communities. These meetings vary



in scale from a few hundred to tens of thousands of attendees
and offer different tradeoffs between breadth of exposure and
depth of disciplinary specialization.

Beyond society meetings, a landscape of more specialized
conferences — Gordon Research Conferences, Keystone
Symposia, Cold Spring Harbor meetings, EMBO workshops —
offer intensive immersion in narrower topics with smaller,
more interactive formats. These meetings are often highly
competitive to attend and may require invitation or
nomination, but they offer exceptional opportunities for deep
scientific exchange with leading researchers in a subfield. If
your work is directly relevant to the topic of such a meeting,
applying to attend and present should be a priority.

When evaluating conferences, consider both the scientific
program and the logistical constraints. Is this a meeting where
researchers working on problems similar to yours will be
presenting? Does the society have a mentorship or early-
career program that would be valuable for you? Is the meeting
accessible in terms of cost and location, or would attending
require resources your lab does not have? Are there travel
grants available from the society, your institution, or external
funders? Discussing conference choices with your advisor is
important, not only to get their recommendations but to
access their informal knowledge of which meetings are most
valuable in your subfield and which grant sources are available
to support attendance.

WRITING A CONFERENCE ABSTRACT

The conference abstract is the document that determines
whether you are accepted to present and, if accepted, whether
your session attracts an audience. Abstract submission
processes vary: some conferences accept any submitted
abstract and slot them into poster or oral sessions based on
topic; others conduct competitive review and accept only a
fraction of submissions. Regardless of the competitive context,
a well-written abstract increases the likelihood that your work
is assigned to a relevant session, that the right reviewers and
attendees notice it, and that you have clearly thought through
the narrative of your findings.

Most conference abstracts follow a condensed version of the
IMRaD structure: a brief statement of the problem and its
significance, a summary of your approach, the key results, and
the conclusion or implication. Unlike a journal abstract, which
accompanies the full paper and can rely on readers consulting
the text for clarification, a conference abstract stands alone
and must convey enough substance to be judged on its own
merits. Specificity matters: abstracts that state “we found
significant differences” are less compelling than those that
report the direction, magnitude, and meaning of findings.

The opening sentence of your abstract should orient readers
immediately. State the central problem or question your work

Conferences, Posters, and Oral Pres

addresses, not the background of the field. Reviewers and
conference attendees encounter many abstracts; the ones that
capture attention quickly are those that lead with a clear,
interesting question and follow with substantive results. Avoid
opening with historical context, broad field-level claims, or
definitions. Lead with the scientific tension your work resolves.

Conference abstracts also typically include a word limit, which
is often tight (150-300 words). Meeting this constraint requires
careful editing: every word must earn its place. Cut general
background that does not directly motivate your specific
question; cut methods details that are not essential to
interpreting your results; cut hedging language that dilutes
the impact of your findings. Writing a conference abstract is an
exercise in identifying what is truly essential about your work,
which is itself a useful discipline for refining how you think and
talk about your research.

DESIGNING AN EFFECTIVE POSTER

The scientific poster is one of the most underestimated and
poorly executed forms of academic communication. At large
meetings, poster halls can contain hundreds or thousands of
posters, each competing for the attention of passing
attendees who must decide within seconds whether to stop
and engage. An effective poster does not merely display
information; it attracts attention, guides the viewer through a
narrative, and provides a platform for conversation.

The most common error in poster design is treating the poster
as a reduced-size version of a journal article: dense columns of
text, small figures, and a comprehensive methods section. This
approach fails because posters are read in a dynamic social
context, not in solitude. Attendees standing in a crowded
poster hall, often with a drink in hand, cannot and will not read
large blocks of text. The information they can absorb is visual,
hierarchical, and brief. Your poster should be readable from
two meters away: the title and main finding in large text, the
key figure or figures as the visual centerpiece, and supporting
information in brief, readable blocks that reward closer
inspection.

Effective poster design relies on visual hierarchy — the use of
size, color, and spacing to guide the viewer's eye through the
content in the intended order. The title should be the most
prominent element, followed by the key figure, followed by the
brief explanatory text. White space is your friend: a poster with
ample breathing room between sections is far more inviting
than one in which every centimeter is filled. Use color
purposefully — to distinguish conditions in figures, to
highlight the key result — rather than decoratively. Minimize
the use of text wherever a figure or diagram can communicate
the same information more efficiently NASEM 2018.

Prepare a three-minute verbal pitch for when someone
approaches your poster. This pitch should cover the problem,

49



your approach, and your main finding in enough detail to
orient a new listener without assuming prior knowledge of
your specific system. Practice this pitch until it is fluent and
engaging; awkward or uncertain presentation of your own
work creates an unfavorable impression regardless of the
quality of the science. Be ready to adapt: some visitors will
want the full scientific context; others will ask only about one
aspect of your work. Attentive engagement with each visitor —
listening to their questions, building on their existing
knowledge — transforms the poster session from a passive
exhibition into a scientific conversation.

GIVING AN ORAL PRESENTATION

An oral presentation at a conference is a high-visibility
opportunity that requires both scientific clarity and
communication skill. Whether you are giving a ten-minute talk
in a contributed session or a forty-five-minute invited lecture,
the fundamental principles are the same: tell a story with a
clear arc, support that story with well-designed visual
evidence, and deliver it in a way that holds the audience’s
attention.

The structure of a scientific talk should be designed around
the central question and its answer, not around the
chronological history of your experiments. Begin with a brief,
compelling framing of the problem: why does this question
matter, and why is it currently unresolved? Then introduce
your approach and the key results that bear on the question,
building toward a conclusion that directly answers the
question posed at the outset. Reserve the last few minutes for
broader implications and future directions. This narrative
structure gives your audience a clear throughline to follow and
ensures that your central message is conveyed even if
attention wanders during the middle sections.

Slide design in a talk should prioritize clarity over
completeness. Each slide should make a single point; slides
that attempt to communicate multiple distinct ideas
simultaneously require the audience to divide their attention
and typically fail to communicate any of them clearly. Figures
should be large enough to read from the back of the room,
with labels and annotations sized accordingly. Avoid slides that
are predominantly text; text-heavy slides invite audiences to
read rather than listen, which severs the connection between
speaker and audience. Practice your talk enough times that
you can deliver it without reading from the slides, maintaining
eye contact and using your voice to emphasize key points.

Questions following a talk can be anxiety-provoking,
particularly for early-career researchers presenting to senior
scientists. Prepare for questions by anticipating what the most
likely points of scientific challenge are — the limitations of
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your model system, the assumptions underlying your
statistical approach, the alternative interpretations of your key
result — and having clear, honest answers ready. If you do not
know the answer to a question, saying so honestly and
proposing how you might address it is far better than
speculating or deflecting. Audiences respect intellectual
honesty and are generally more interested in how a researcher
thinks than in whether every question has an immediate
answer.

NETWORKING, FUNDING, AND
VIRTUAL CONFERENCES

Networking at conferences is a skill that can feel
uncomfortable, particularly for researchers who are
introverted or who are entering a professional community for
the first time. The most important reframe is that networking
is not about self-promotion but about building relationships
through genuine intellectual exchange. Approach
conversations with curiosity about other people’s work rather
than with an agenda to advance your own visibility. Follow up
after the meeting on conversations that were substantive — a
brief email recalling the discussion and, if relevant, sharing a
paper or resource mentioned in the conversation, signals that
you were genuinely engaged and helps consolidate the
connection Woolston 2019.

Inclusive networking practices matter. Conference social
events can reproduce existing hierarchies if attendees cluster
with people they already know; making a conscious effort to
introduce yourself to people at different career stages and
from different institutions broadens your network and
contributes to a more equitable professional community.
Many societies have mentoring programs, early-career mixers,
and affinity group events specifically designed to provide entry
points for researchers from underrepresented groups.

Travel grants are available from many sources. Professional
societies often offer travel awards for graduate students and
early-career researchers, with application processes tied to the
abstract submission cycle. Federal funding agencies, including
the NIH and NSF, sometimes provide supplemental funds for
conference travel. Your institution may have graduate student
travel grants administered through the graduate school or
individual departments. Applying for these grants early and
consistently — they are rarely awarded to everyone who
deserves them, but they are also frequently underapplied for
— can substantially defray the cost of conference attendance.

Virtual and hybrid conferences, which became widely adopted
during the COVID-19 pandemic, have introduced both new
opportunities and new limitations. Virtual formats reduce cost
and travel barriers and have enabled participation from
researchers in low-resource settings or with caregiving
responsibilities that make travel difficult. However, they



sacrifice much of what makes in-person conferences uniquely
valuable: the spontaneous hallway conversation, the
immersive atmosphere of a poster session, the social texture
of a shared meal. Hybrid formats attempt to capture both, but
the logistics of running parallel in-person and virtual programs
simultaneously are technically demanding and often result in a
compromised experience for one or both audiences. As the
conference landscape continues to evolve, familiarity with
both formats is increasingly important for researchers at all
career stages.

Conferences, Posters, and Oral Pres
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Building Your Online Academic
Identity

The way scientists are discovered, evaluated, and connected to
one another has been fundamentally transformed by digital
infrastructure. A decade ago, a researcher’s professional
reputation was largely a function of their publication record,
their institution, and the personal networks built through
conferences and collaborations. Today, those factors remain
important, but they operate in a digital ecosystem in which
your online presence — your profiles, your publications index,
your participation in scholarly networks — shapes how other
researchers, journalists, grant reviewers, and potential
employers encounter and assess your work. Building and
maintaining an intentional online academic identity is not
optional for researchers who want their work to have the
impact it deserves.

ORCID: YOUR PERSISTENT
RESEARCHER IDENTIFIER

ORCID (Open Researcher and Contributor ID) is a nonprofit,
community-driven organization that provides persistent digital
identifiers for researchers. An ORCID iD is a unique 16-digit
number in the format 0000-0000-0000-0000 that distinguishes
you from all other researchers, regardless of name similarity,
name changes, institutional affiliation changes, or
transliteration variations. If you have not yet registered for an
ORCID iD, do so immediately at orcid.org — registration is free
and takes only a few minutes.

The value of ORCID lies in its role as a connective layer across
systems. When your ORCID iD is linked to your publications in
PubMed, Web of Science, Scopus, CrossRef, and publisher
submission systems, it becomes possible to reliably attribute
all of your work to you across databases that would otherwise
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fragment your record based on name variations or
institutional changes. Many journals and funders now require
authors to provide their ORCID iD during submission or grant
application, and the ORCID registry has integrations with
major systems that allow publications, grants, peer review
activities, and other scholarly contributions to be added to
your record automatically or with minimal manual input.

Maintaining your ORCID record proactively — claiming newly
published papers, adding grant records, linking your record to
institutional profiles — ensures that the record that others see
when they look you up is accurate and complete. Your ORCID
profile can be made public or kept private at your discretion,
and you control which information is visible. For most
researchers, a fully public ORCID profile that includes all
publications, current and past affiliations, and funding
information serves as a portable, authoritative professional
record that supplements or replaces the more cumbersome
process of maintaining a manually updated CV for every
purpose.

GOOGLE SCHOLAR: CITATIONS,
ALERTS, AND PROFILE MAINTENANCE

Google Scholar is the most widely used academic search
engine in the world, and the automatic citation tracking it
provides has become a de facto standard for monitoring how
your work is being used Hirsch 2005. Setting up a Google
Scholar profile allows you to claim your publications, monitor
citation counts in real time, receive email alerts when your
work is newly cited, and make your publication record easily
discoverable to anyone who searches for your name.



Creating a Google Scholar profile is straightforward: visit
scholar.google.com, sign in with a Google account, and follow
the prompts to create a public profile. Google Scholar will
automatically identify publications that match your name and
institution; you can then review and confirm which papers to
include, remove misattributions, and add papers that Google
Scholar missed. Once your profile is public, it appears
prominently in search results for your name and displays your
total citation count, h-index, and i10-index alongside a list of
your publications ordered by citation count or publication
year.

One important limitation of Google Scholar is its broad
coverage, which includes grey literature, preprints, theses,
conference abstracts, and self-published documents alongside
peer-reviewed journal articles. This breadth means that
citation counts from Google Scholar are typically higher than
those from more selective databases like Web of Science or
Scopus, and that the citation count figure includes citations
from sources of varying quality. For purposes of evaluating
research impact, it is worth knowing citation metrics from
multiple databases rather than relying exclusively on Google
Scholar’s figures. Nevertheless, Google Scholar’s ease of
access and comprehensive coverage make it the most practical
tool for routine citation monitoring.

RESEARCHGATE, ACADEMIA.EDU,
AND INSTITUTIONAL PAGES

ResearchGate is a social network for scientists that allows
researchers to share papers, ask and answer questions, and
follow colleagues’ work. Its key feature for many researchers is
the automatic tracking of reads, downloads, and citations,
aggregated into a “Research Interest Score” that the platform
uses to measure scholarly impact. ResearchGate also sends
automatic email notifications to researchers when their work
is cited, downloaded, or recommended, which many users find
useful for staying aware of how their work is being engaged
with McKiernan et al. 2016.

However, ResearchGate's practice of hosting and distributing
copyrighted articles without clear authorization from
publishers has been the subject of legal challenges. Several
major publishers have pursued action against ResearchGate
for copyright infringement, arguing that the platform
distributes paywalled articles without license. As a researcher,
uploading the published version of record to ResearchGate
without checking your copyright agreement may put you in
violation of your publishing contract. The safer practice is to
upload only versions you have the right to share — the
preprint version, the accepted manuscript after any embargo
period, or the published version of an open access article —
rather than the formatted publisher PDF.

Building Your Online Academic Ident

Academia.edu, despite its name, is a for-profit company that
operates a similar researcher networking and paper-sharing
platform. It has faced similar copyright concerns and has also
drawn criticism for sending misleading emails that imply
colleagues have viewed your profile (inflating engagement
metrics in ways that prompt users to upgrade to paid
subscriptions). Both ResearchGate and Academia.edu can be
useful for discoverability, but they should be used with
awareness of their limitations and business models.

Institutional profile pages, maintained by your university or
research institute, are often among the top results when
someone searches for you by name. Many institutions now
integrate these profiles with ORCID and publication databases,
making it relatively easy to maintain an up-to-date public
record of your publications, grants, and research interests.
Keeping your institutional profile current — with a clear
research summary, an updated publication list, and accurate
contact information — is a low-effort, high-return investment
in your online presence.

SCIENCE COMMUNICATION ON
SOCIAL MEDIA

Researchers increasingly use social media platforms to share
their work, engage with the public, participate in professional
conversations, and build visibility within their fields. The
landscape has shifted considerably since the mid-2010s, when
Twitter (now X) was the dominant platform for academic
discourse in the life sciences. Following Elon Musk’s
acquisition of Twitter in 2022 and subsequent platform
changes, many researchers migrated to alternatives including
Bluesky, Mastodon, and LinkedIn, while others remained on X
or adopted multiple platforms simultaneously.

Each platform has distinct norms and audiences. X/Twitter has
historically been used for real-time discussion of preprints and
published papers, live-tweeting conference talks, and rapid
dissemination of science news; its value depends heavily on
who you follow and who follows you, and the signal-to-noise
ratio has deteriorated since 2022. Bluesky, built on a
decentralized protocol, has attracted a substantial community
of researchers, particularly in ecology, evolutionary biology,
and adjacent fields; its norms are somewhat more
conversational and collegial than Twitter at its most
contentious. Mastodon, a federated, open-source platform,
has attracted researchers who prioritize decentralization and
community governance over algorithmic amplification.
LinkedIn has a more professional, less informal tone and is
increasingly used by researchers in industry-adjacent fields
and those communicating with non-academic audiences.
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The potential benefits of social media participation for
researchers include increased visibility for your publications,
connections with researchers outside your immediate
network, opportunities for public engagement and science
communication, and access to a rapid informal literature
review through curated discussions of recent papers. The risks
include public exposure to harassment and bad-faith criticism,
the potential for miscommunication when complex findings
are shared without adequate context, and the time cost of
maintaining a presence. Early-career researchers in particular
should think carefully about the professional norms of their
field before becoming highly active on social media platforms,
and should be aware that public statements can become
visible to future employers, grant reviewers, and journalists in
ways that may not always be advantageous.

PERSONAL ACADEMIC WEBSITES

A personal academic website gives you complete control over
how your work and professional identity are presented online,
without depending on the persistence, policies, or algorithms
of third-party platforms. A well-designed personal website
should include at minimum a brief research summary written
for a general scientific audience, a current CV or publication
list, contact information, and information about your current
position and affiliation.

The research summary is perhaps the most important element
of the website, because it communicates who you are and
what you do to visitors who have not previously encountered
your work. Write it in clear, accessible language that avoids
jargon while accurately characterizing the questions your
research addresses and the approaches you use. Assume that
your visitor is a scientist but not a specialist in your specific
area; a reader who has to look up half the terms in your
research summary is unlikely to persist long enough to learn
why your work matters.

Publication lists on personal websites are most useful when
they include links to publicly available versions of each paper
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— preprints, open access articles, or author accepted
manuscripts hosted on compliant repositories — so that
visitors can actually read the work rather than simply
encountering its title. Many researchers also include brief lay
summaries or blog posts describing selected publications in
accessible language, which serves both a public engagement
function and a practical SEO function by making it more likely
that your work will be found through web search.

Static website generators such as Hugo or Jekyll, combined
with free hosting on GitHub Pages or Netlify, allow researchers
to maintain professional, fast-loading personal websites
without paying for hosting or learning complex web
development. Templates designed specifically for academic
websites — the Academic theme for Hugo is widely used —
provide structures for publication lists, CV sections, and blog
posts out of the box. Investing a few hours in setting up and
populating such a site pays dividends over many years of
professional visibility.

Building an online academic identity is ultimately about
ensuring that your work and your expertise are discoverable
and accurately represented across the digital systems through
which scientists encounter one another. The combination of a
verified ORCID record, an active Google Scholar profile, a
current institutional page, and a personal website creates a
resilient and comprehensive presence that serves your career
and makes your science more accessible to the world.
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Research Impact and Metrics

One of the most consequential misunderstandings in
academic science is the conflation of research quality with
research metrics. Citation counts, h-indices, and journal impact
factors are quantitative, easy to compare, and superficially
objective — properties that make them enormously attractive
for administrative purposes and deeply problematic for
scientific purposes. Understanding what research metrics
measure, what they fail to capture, and how they should be
interpreted requires both statistical literacy and familiarity
with the critiques that have accumulated over decades of
scholarship on the sociology of science. This chapter examines
the major tools for tracking and evaluating research impact,
from traditional citation metrics to emerging altmetrics, and
describes the principles that should guide their responsible
use.

WHAT IS RESEARCH IMPACT? BEYOND
CITATION COUNTS

Research impact is a genuinely multidimensional concept that
resists reduction to any single number. At its most
fundamental, a piece of research has impact when it changes
something: when it alters how other scientists think about a
problem, when it enables a new technology or clinical practice,
when it informs policy, when it shapes public understanding of
a natural phenomenon. These different modes of impact
operate on different timescales and in different social systems,
and they cannot all be captured by counting how many other
papers cite a given article.

Citation counts measure one dimension of scientific impact:
the degree to which a piece of work has been referenced in
subsequent scientific literature. This is a meaningful signal,
but it is noisy, context-dependent, and subject to numerous
distortions. A paper can be heavily cited because it reports a
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landmark finding, but also because it described a widely used
reagent or cell line, because it contained an error that
prompted extensive commentary, or because it was the first
paper to appear in a new subfield and was subsequently cited
by every paper in that subfield for historical completeness.
Conversely, an important paper can be undercited because it
was published in a lower-profile venue, because its findings
were difficult to replicate and therefore rarely built upon, or
simply because it was ahead of its time Ioannidis 2005.

The time dimension of citation accumulation is also important.
Papers in experimental biology often have a citation half-life of
five to ten years — their citation rate peaks several years after
publication and then declines as the work is absorbed into the
field’'s background knowledge. Papers in mathematics or
theoretical physics may accumulate citations over much longer
timescales. Comparing citation counts for papers published in
different years, or in different disciplines, without accounting
for these dynamics produces misleading comparisons.

CITATION METRICS: H-INDEX, I110-
INDEX, AND TOTAL CITATIONS

The h-index, proposed by physicist Jorge Hirsch in 2005, is
defined as the largest number h such that h papers by a given
author have each been cited at least h times Hirsch 2005. A
researcher with an h-index of 20 has published at least 20
papers that each have at least 20 citations. The h-index was
designed to provide a single number that reflects both
productivity (the number of papers) and impact (the number
of citations per paper), avoiding the distortion of a single
highly cited paper inflating a researcher’s apparent
productivity.

Despite its widespread adoption, the h-index has significant
limitations. It increases monotonically over time, meaning that
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a researcher who publishes at a constant rate with consistent
impact will accumulate a higher h-index simply by virtue of
having been active for longer. This makes the h-index a poor
tool for comparing researchers at different career stages, even
within the same field. It also fails to distinguish between a
researcher who has published many modestly cited papers
and one who has published a smaller number of highly cited
ones; both could have the same h-index. It cannot be directly
compared across disciplines, because average citation rates
differ dramatically between fields — a biologist and a
computer scientist with the same h-index may occupy very
different positions within their respective fields.

The i10-index, used by Google Scholar, counts the number of
publications with at least 10 citations. It is a simpler and more
transparent metric than the h-index, but it shares many of the
same limitations: it is time-dependent, field-dependent, and
insensitive to the distribution of citations across a researcher’s
body of work. Total citation count — the sum of all citations to
all publications by an author — is the most transparent of all
citation metrics but is the most susceptible to distortion by a
small number of highly cited outlier papers.

All of these author-level metrics should be treated as rough
indicators rather than precise measurements. When used in
evaluation contexts — hiring, promotion, grant review — they
provide one data point among many and should be
interpreted by people who understand the norms of the
specific field and career stage in question. The practices of
normalizing for field, career age, and the number of co-
authors on each publication substantially improve the fairness
of citation-based evaluations but are inconsistently applied in
practice Hicks et al. 2015.

JOURNAL-LEVEL, ARTICLE-LEVEL,
AND AUTHOR-LEVEL METRICS

A critical distinction in the metrics landscape is the difference
between journal-level, article-level, and author-level indicators.
Journal-level metrics — most prominently the Journal Impact
Factor — describe the average citation behavior of a journal’s
entire portfolio. They say nothing about any individual article
or any individual author. Using a journal-level metric to
evaluate an individual researcher’s contribution conflates the
quality of the venue with the quality of the specific work, a
logical error that has been extensively documented and
criticized DORA 2013.

Article-level metrics, in contrast, describe the reception and
use of a specific paper. Total citations, downloads, HTML views,
and social media shares are all article-level metrics. They have
the advantage of being directly relevant to the paper in
question rather than serving as proxy measures, but they are
still subject to the same time-dependence and field-
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normalization issues that affect other citation metrics. A paper
published six months ago will have fewer citations than a
paper published six years ago regardless of relative quality.

Author-level metrics aggregate across all of a researcher’s
publications to characterize their overall scholarly output. The
h-index, i10-index, and total citation count are the most
common examples. Author-level metrics are the most directly
relevant to evaluating an individual researcher, but they
inherit all of the limitations of the underlying citation data and
add further complexity when the researcher has published
across multiple subfields, changed institutional affiliations, or
contributed to papers with very large author lists (as is
common in genomics, clinical trials, and high-energy physics)
Ioannidis 2005.

ALTMETRICS: MEASURING BROADER
ENGAGEMENT

Altmetrics — a portmanteau of “alternative metrics” — refers
to a suite of indicators that track scholarly activity beyond
traditional citation counts, including news media coverage,
policy document citations, social media mentions, Wikipedia
citations, blog posts, and online reader bookmarks Priem et al.
2010. The term was coined around 2010 in response to a
growing recognition that journal articles influence society
through channels that bibliometric databases do not capture.

Altmetric Attention Scores, calculated by the company
Altmetric (altmetric.com), aggregate mentions of a paper
across multiple platforms and media types into a single
number displayed on a colorful donut chart. A high Altmetric
score indicates that a paper has attracted substantial attention
online; it does not necessarily indicate scientific quality or
long-term influence. Papers that are controversial, topically
newsworthy, or easily summarized for a general audience may
attract high Altmetric scores while having modest scientific
impact in terms of citations from primary researchers.
Conversely, methodologically important papers that transform
how experiments are done may be heavily cited by specialists
but attract minimal public attention.

The value of altmetrics lies in what they reveal that traditional
bibliometrics cannot: the degree to which a piece of research
has entered public discourse, informed policy, or generated
popular engagement. For researchers who care about the
societal relevance of their work, tracking altmetrics provides a
richer picture of impact than citation counts alone.
Policymakers and advocacy organizations increasingly value
evidence that research findings have influenced non-scientific
discourse, and altmetric evidence can be useful when making
the case for the societal value of a research program in grant
applications or public communications.
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TRACKING YOUR OWN IMPACT

Several platforms provide tools for tracking and aggregating
your personal citation metrics. Google Scholar, as described in
the previous chapter, provides the most accessible overview,
including h-index, i10-index, total citations, and a year-by-year
citation history for your profile. Web of Science’s ResearcherID
allows you to create a verified profile linked to your
publications in the Web of Science database, which indexes a
curated set of high-quality journals and provides citation
statistics normalized against Web of Science coverage. Scopus
Author ID, maintained by Elsevier, provides similar
functionality for the Scopus database, which has broader
coverage than Web of Science in some fields, including social
sciences and humanities.

Setting up profiles on these platforms and periodically
reviewing their accuracy — adding missing publications,
removing misattributed ones — ensures that your citation
record is accessible and correct. Discrepancies between
platforms are common because the three major databases
index overlapping but non-identical sets of publications; a
paper published in a journal indexed by Scopus but not Web of
Science will appear in one database’s citation statistics but not
the other’s. Using multiple platforms and noting discrepancies
in any reporting you do ensures that you present your metrics
in context.

For grant applications and promotion dossiers that require
citation data, it is good practice to specify which database and
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date range were used to generate the reported figures, since
the same researcher’s statistics can vary substantially between
databases and over time. Some funders and institutions now
ask applicants to use specific databases for their citation data,
which simplifies comparison across applicants.

RESPONSIBLE METRICS: DORA AND
THE LEIDEN MANIFESTO

Two frameworks have emerged as important reference points
for responsible use of research metrics in evaluation contexts.
The San Francisco Declaration on Research Assessment
(DORA), launched in 2013 by the American Society for Cell
Biology, calls on funding agencies, institutions, publishers, and
researchers to commit to not using journal-based metrics
(primarily the Journal Impact Factor) as a surrogate measure
of the quality of individual research articles in funding,
appointment, and promotion decisions DORA 2013. DORA
does not oppose the use of citation metrics per se, but insists
that journal-level metrics should not be applied to individual-
level evaluation.

The Leiden Manifesto, published in 2015 by a group of
scientometrics experts, articulates ten principles for
responsible metrics use Hicks et al. 2015. These include:
guantitative evaluation should support, not substitute for,
qualitative expert judgment; measurement should be tailored
to the specific research context; those being evaluated should
be able to verify the data and methodology used; and the
importance of local, context-specific norms should be
recognized. The Leiden Manifesto acknowledges that metrics
provide valuable information when used thoughtfully while
warning against the tendency to oversimplify complex
research contributions into a small set of numbers.

Both DORA and the Leiden Manifesto have been endorsed by
thousands of researchers, institutions, and funders worldwide.
If you are in a position where metrics are used to evaluate
your work — grant applications, job applications, promotion
reviews — familiarizing yourself with these frameworks and
the arguments they make enables you to provide context for
your metrics, advocate for fair evaluation, and understand the
institutional commitments of the organizations assessing you.

TRANSLATIONAL AND SOCIETAL
IMPACT

Citation metrics, whether traditional or altmetric, primarily
track impact within the academic literature and the online
discourse that surrounds it. An increasingly important
dimension of research impact — particularly for biomedical
research with clinical or public health applications — is
translational impact: the degree to which findings have
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influenced clinical guidelines, regulatory decisions, patent
applications, or health policy.

Patent citations to research publications are tracked by
databases such as Lens.org and can be used to identify when a
piece of basic science has contributed to a downstream
technological development. Clinical guideline citations —
when a paper is cited in evidence-based clinical practice
guidelines from organizations such as the US Preventive
Services Task Force, the American Heart Association, or the
World Health Organization — are arguably among the
strongest indicators of translational impact in the biomedical
sciences, because they represent expert consensus that a
finding is robust enough to guide medical practice. The NIH
iCite tool, which calculates a Relative Citation Ratio (RCR)
normalizing citations by field and year, also provides
information on whether a paper has been cited in clinical
contexts.

Broader societal impact — contributions to public
understanding, science education, policy advocacy, or
community engagement — is difficult to quantify but
genuinely important. Science communication activities, public
lectures, media appearances, educational resource
development, and engagement with policymakers all
represent modes of impact that traditional metrics do not
capture. Building a portfolio of evidence for societal impact,
including documenting specific policy changes influenced by
your research or specific educational uses of your materials,
provides a fuller account of your work'’s value than any single
metric can offer.
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Research impact is ultimately what your work does in the
world — how it changes what scientists know, what clinicians
practice, what policymakers decide, and what the public
understands. Metrics are imperfect tools for measuring these
effects, and their limitations must be understood by anyone
who uses them. The goal is not to abandon quantitative
indicators but to use them critically, in combination with
qualitative assessment, and with a clear awareness of what
each indicator does and does not tell us.
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AI Tools in Research: Opportunities
and Ethics

The integration of artificial intelligence tools into scientific
research has accelerated so rapidly in the past several years
that researchers who entered graduate programs in 2020 now
practice science in an environment their predecessors would
barely recognize. Large language models capable of
generating coherent prose, analyzing code, and summarizing
scientific literature; Al-powered search engines that cluster
papers by conceptual similarity; machine learning systems
that accelerate experimental analysis in imaging, genomics,
and structural biology — these tools have moved from novelty
to near-ubiquity in many research contexts. Navigating this
landscape effectively requires both an understanding of what
these tools can genuinely do and a clear-eyed recognition of
their limitations, risks, and the ethical questions they raise for
how science is conducted, reported, and attributed.

THE CURRENT LANDSCAPE: LLMS,
SEMANTIC SEARCH, AND AI-
ASSISTED ANALYSIS

Artificial intelligence as applied to research workflows
encompasses a broad range of technologies with different
capabilities, limitations, and appropriate uses. Large language
models (LLMs) — systems like OpenAl's GPT-4, Anthropic’s
Claude, and Google’s Gemini — are trained on vast corpora of
text and are capable of generating fluent natural language,
answering questions, explaining concepts, translating
between languages, and assisting with writing and coding.
They are not databases in the traditional sense: they do not
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retrieve stored records but generate outputs based on
statistical patterns in their training data. This distinction has
important practical consequences, discussed below.

Semantic search tools use embedding models to represent
papers as vectors in high-dimensional semantic space,
enabling similarity-based retrieval that goes beyond keyword
matching. When you describe a research question in natural
language and receive a list of thematically related papers, you
are using semantic search. Tools like Semantic Scholar, Elicit,
and ResearchRabbit use these approaches to help researchers
navigate large literature spaces more efficiently than keyword-
based database searching alone can achieve. These tools are
increasingly integrated with LLM-based summarization and
synthesis capabilities, creating systems that can not only find
relevant papers but extract key findings and place them in
conceptual relationship with each other.

Al-assisted analysis tools in the life sciences range from image
analysis software that uses convolutional neural networks to
identify and quantify cell morphology, to sequence analysis
tools that use transformer architectures to predict protein
structure and function, to natural language processing tools
that extract structured information from unstructured clinical
text. The capability gains in this space have been
extraordinary: AlphaFold2’s achievement of near-
experimental-accuracy protein structure prediction from
sequence alone represents a genuine scientific breakthrough,
not merely a computational convenience. Understanding the
Al tools relevant to your specific experimental domain is
increasingly a prerequisite for competitive research practice
Nosek et al. 2018.
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LITERATURE SEARCH AND
SUMMARIZATION TOOLS

The traditional approach to literature search — constructing
Boolean queries in PubMed or Embase, scanning titles and
abstracts, downloading and reading relevant papers —
remains the gold standard for systematic and scoping reviews
where exhaustive, documented retrieval is required. But for
the exploratory, iterative literature searches that characterize
much early-stage research, Al-assisted tools can dramatically
accelerate the process of identifying conceptually relevant
work and building a synthetic understanding of a literature.

Elicit, developed by Ought, allows users to ask a research
question in natural language and returns a table of relevant
papers with automatically generated summaries of methods,
population, and key findings. This table view is particularly
useful for quickly comparing how a question has been
addressed across multiple studies and identifying where a
literature has and has not converged. Semantic Scholar,
operated by the Allen Institute for Al provides semantic
search over a broad scientific corpus, citation network
visualization, and Al-generated paper summaries; it is free and
does not require an institutional login. ResearchRabbit builds
citation networks around seed papers, allowing users to
navigate a literature by following citation relationships forward
and backward in time.

Scite.ai adds a dimension that is particularly important for
critically appraising a literature: it classifies citations as
supporting, contrasting, or mentioning the cited claim,
allowing users to see at a glance how a finding has been
received in subsequent literature. A finding that is frequently
“mentioned” but rarely “supported” or “contrasted” may be a
widely-assumed background fact rather than an actively tested
claim; a finding with numerous contrasting citations warrants
careful scrutiny before being incorporated into your own
work’s framework.

These tools should be understood as aids to, not replacements
for, careful primary literature reading. They are valuable for
rapid orientation in an unfamiliar area, for identifying
landmark papers in a new subfield, and for checking whether a
specific claim has been replicated. They are not adequate
substitutes for a systematic literature search, which requires
documented search strings, database coverage specifications,
and explicit inclusion and exclusion criteria Perkel 2020.

WRITING ASSISTANCE: WHAT LLMS
CAN AND CANNOT DO

LLMs have become widely used as writing aids in academic
settings, and their capabilities are genuine: they can improve
grammatical correctness and syntactic clarity, suggest
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alternative phrasings, reorganize paragraphs, translate text,
and help non-native English speakers produce more fluent
academic prose. These are real benefits, and using an LLM to
polish the grammar and flow of a manuscript that you have
written is analogous in many respects to using a copyeditor.

The limitations of LLMs as writing tools are less widely
appreciated but equally important. LLMs do not “know” the
scientific facts they appear to report; they generate statistically
plausible text based on patterns in their training data. When
asked to summarize a paper, explain a mechanism, or describe
the state of a field, an LLM may produce confident, fluent text
that contains factual errors, misattributions, or entirely
fabricated citations — a phenomenon called hallucination.
These hallucinations are particularly dangerous in scientific
writing because they are difficult to detect without
independent verification: a fabricated citation looks identical
to a real one in the model's output, and a plausible-sounding
mechanistic claim may have no basis in the literature.

Never use an LLM to generate text describing your own data,
your methods, or the literature you have reviewed without
independently verifying every factual claim and every citation.
The appropriate use of LLMs in writing is as a tool for clarifying
and polishing prose that you have written based on your own
knowledge and reading — not as a first-draft generator for
content-heavy sections. Using an LLM to produce a methods
section or results summary that you then submit as your own
accurate scientific account, without verifying the contents, is a
practice that exposes you to serious professional risk and
potentially constitutes research misconduct.

DATA ANALYSIS, CODING, AND
EXPERIMENTAL AUTOMATION

Outside of writing, Al tools offer substantial and less ethically
fraught productivity gains in the domains of data analysis and
scientific computing. GitHub Copilot and similar Al-assisted
coding tools can dramatically accelerate the writing of analysis
scripts in R, Python, and other languages by suggesting code
completions, generating boilerplate functions, and translating
between programming languages. For researchers whose
coding skills are adequate for their analytical needs but not
expert-level, these tools can make computational analyses that
would previously have required consulting a statistician or
bioinformatician accessible within a single workflow.

ChatGPT and related tools have proven useful for debugging
code, explaining error messages, and walking through the
logic of unfamiliar algorithms. The same caveats about
hallucination apply: Al-generated code can be subtly incorrect,
particularly for edge cases, unusual data structures, or
domain-specific requirements. Code generated by an Al tool
should be tested carefully on simulated or known data before
being applied to real data, and critical analysis steps should be



verified by someone with appropriate expertise even when the
code appears to run without errors.

In experimental biology, Al tools for image analysis —
CellProfiler, Ilastik, QuPath, and deep learning-based tools for
cell segmentation and phenotyping — have become standard
components of high-content imaging workflows. These tools
require training data and parameter optimization and should
be validated on held-out datasets before results are reported.
Automated microscopy systems with Al-assisted focusing, field
selection, and event detection are increasingly common in live-
cell imaging. As with any computational tool, understanding
what the algorithm is doing — its assumptions, its failure
modes, its sensitivity to preprocessing choices — is essential
for interpreting its outputs correctly and describing them
accurately in a publication.

CRITICAL LIMITATIONS:
HALLUCINATIONS, OUTDATED
KNOWLEDGE, AND CONFIDENTIALITY

The three most significant practical limitations of current LLMs
for research use are their tendency to hallucinate, their fixed
knowledge cutoffs, and the confidentiality risks associated
with inputting sensitive information into cloud-based Al
systems.

Hallucination — the generation of plausible-sounding but
factually incorrect content — is an inherent characteristic of
current LLM architectures, not a bug that will be
straightforwardly fixed. LLMs predict likely next tokens based
on statistical patterns; they have no mechanism for verifying
whether a claim corresponds to reality. They are particularly
prone to generating specific-sounding false information
(fabricated paper titles, incorrect author names, invented
statistics) precisely because specific-sounding information is
statistically associated with authoritative prose in their training
data. Every factual claim produced by an LLM that you intend
to include in a scientific document must be verified through
primary sources COPE 2017.

Knowledge cutoffs mean that LLMs trained on data up to a
given date cannot access papers, preprints, or events
published after that date. In fast-moving fields, the literature
that matters most may be the most recent, and an LLM’s
confident-sounding synthesis of a field may reflect a state of
knowledge that is months or years out of date. Tools that
augment LLMs with retrieval from live databases (retrieval-
augmented generation, or RAG) partially address this
limitation but introduce their own quality control
considerations.
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Confidentiality risks arise when researchers input unpublished
data, patient information, confidential grant materials, or
proprietary experimental results into cloud-based Al systems.
The terms of service for commercial Al tools vary, and some
specify that user-submitted content may be used to train
future models. Before using any Al tool with sensitive
information, read the terms of service carefully or consult your
institution’s IT and compliance offices. Many institutions have
negotiated enterprise agreements with Al service providers
that include data privacy provisions appropriate for research
use.

ETHICAL AND POLICY
CONSIDERATIONS: AUTHORSHIP,
TRANSPARENCY, AND DISCLOSURE

The most pressing ethical questions raised by Al tools in
research cluster around authorship, transparency, and
reproducibility. The authorship question has been addressed
most explicitly by major journals and scholarly organizations:
Al systems cannot be listed as authors of scientific papers
ICMJE 2023. Authorship carries accountability — authors are
responsible for the accuracy and integrity of the work — and
an Al system cannot bear that responsibility. This consensus
position has been stated explicitly by the ICMJE, Nature,
Science, Cell, and most other major publishers.

The more nuanced question is what disclosure is required for
Al-assisted work that falls short of authorship. Major journals
and funders now generally require authors to disclose any use
of Al tools in the preparation of a manuscript — whether for
writing assistance, data analysis, figure preparation, or
literature review — in the methods section or in an
acknowledgment statement. The Committee on Publication
Ethics (COPE) has issued guidance specifying that Al tools
cannot be listed as authors but that their use must be
transparently disclosed, including which tool was used and for
what purpose COPE 2017. The ICMJE similarly specifies that
authors are responsible for verifying the accuracy of any Al-
generated content included in their submission ICMJE 2023.

The reproducibility implications of Al-assisted research are still
being worked out. If a key analytical step in your study was
performed by an Al model, can another researcher reproduce
your analysis? The answer depends on whether the model
version is specified, whether the prompts or inputs are
documented, whether the model’s outputs are deterministic
(many are not, due to temperature settings), and whether the
model continues to be available in the same form. Treating Al-
assisted analytical steps with the same documentation
standards applied to other computational methods —
specifying software version, parameters, and the logic of any
human review steps — is the foundation of reproducible AI-
assisted research Nosek et al. 2018.
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BEST PRACTICES FOR RESPONSIBLE
AI USE

The fundamental principle for responsible Al use in research is
straightforward: use Al as a tool that amplifies your
capabilities and your time, not as a substitute for your own
expertise, judgment, and accountability. Al tools are most
valuable when they help you do more efficiently what you
could already do competently, and most risky when they are
used to produce outputs in areas where you lack the expertise
to verify their correctness.

Disclose AI use in your methods and acknowledgments
sections according to the policies of your target journal and
funder. Be specific about which tool was used, what it was
used for, and how its outputs were verified. This disclosure not
only fulfills your ethical obligations but contributes to the
emerging evidence base on how Al tools are actually being
used in research practice, which will inform better policies in
the future.

Verify everything. This means checking citations for existence
and accuracy, verifying quantitative claims against primary
sources, testing code on known datasets before applying it to
novel data, and having Al-generated prose reviewed by co-
authors for factual correctness. The time saved by using Al
tools responsibly is real; the risk of incorporating undetected
errors into published work is also real. A verification step
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proportional to the stakes involved is a reasonable and
sustainable workflow.

Finally, stay current with the rapidly evolving policy landscape.
Journal policies on Al use are being updated frequently, funder
requirements are evolving, and institutional guidelines are
being developed at many universities and research institutes.
The guidance available at the time of writing will likely be
supplemented or revised within the time that readers are
using this text, and checking the current policies of your target
journal and primary funder before submission is essential
practice in the current environment.
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Appendix A: Key Databases for Life
Sciences

This appendix provides brief descriptions of the major
databases and repositories relevant to life sciences research.
Researchers should consult with their institutional librarians
for guidance on database access, search strategy
development, and interlibrary loan services.

PUBMED/MEDLINE

PubMed is the primary free interface to MEDLINE, the National
Library of Medicine’s flagship bibliographic database covering
biomedical and life sciences literature. MEDLINE indexes more
than 30 million citations from over 5,000 journals in
biomedicine, nursing, dentistry, veterinary medicine, and allied
health sciences, with coverage dating back to the 1950s. A
distinctive and powerful feature of PubMed is its use of
Medical Subject Headings (MeSH), a controlled vocabulary of
biomedical terms that indexes articles by concept rather than
keyword. Searching with MeSH terms allows researchers to
retrieve relevant articles regardless of the specific language
used by individual authors. PubMed is freely accessible to
anyone worldwide through the National Library of Medicine’s
website and requires no institutional subscription. For many
life sciences researchers, PubMed is the first and most
important database to master.

WEB OF SCIENCE

Web of Science, produced by Clarivate, is a multidisciplinary
citation indexing database covering science, social sciences,
arts, and humanities. Its Science Citation Index Expanded
component is the most important for life sciences researchers,
indexing approximately 9,200 of the world’'s most impactful
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journals. Web of Science is particularly valuable for citation
analysis: it allows researchers to see how many times a paper
has been cited, who has cited it, and how those citations are
distributed over time. Journal Impact Factors are calculated
from Web of Science data. The database also provides author
profiles, h-index calculations, and tools for visualizing citation
networks. Access to Web of Science typically requires an
institutional subscription.

SCOPUS

Scopus, produced by Elsevier, is a comprehensive abstract and
citation database that indexes over 27,000 peer-reviewed
journals across science, technology, medicine, and social
sciences. It has broader coverage than Web of Science in some
fields, including engineering, social sciences, and non-English-
language journals. Scopus provides citation analysis tools,
including author h-index calculations through Scopus Author
ID profiles, journal rankings through CiteScore and SJR
(SCImago Journal Rank), and institutional research analytics.
Researchers comparing citation statistics between databases
should note that Scopus’s broader journal coverage often
results in higher citation counts than Web of Science for the
same author or paper.

EMBASE

Embase, produced by Elsevier, is a biomedical and
pharmacological database with particular strength in drug-
related research, clinical pharmacology, and adverse drug
reactions. It covers approximately 8,500 journals and indexes
conference abstracts more comprehensively than PubMed,
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making it especially valuable for systematic reviews in clinical
and pharmaceutical contexts. Embase uses Emtree, its own
controlled vocabulary, which is distinct from PubMed’s MeSH.
For comprehensive systematic reviews in clinical topics,
searching both PubMed and Embase is standard practice
because their journal coverage overlaps substantially but is
not identical.

BIORXIV AND MEDRXIV

bioRxiv (pronounced “bio-archive”) and medRxiv (“med-
archive”) are preprint servers operated by Cold Spring Harbor
Laboratory. bioRxiv covers biological sciences broadly,
including cell biology, genetics, neuroscience, ecology, and
biochemistry; medRxiv covers health sciences, including
clinical medicine, epidemiology, and public health. Preprints
are manuscripts posted publicly before peer review, allowing
rapid dissemination of findings and community feedback prior
to formal publication. Both servers screen submissions for
basic scientific standards but do not peer-review them.
Preprints can be searched through the respective server
websites and are indexed by Google Scholar.

CLINICALTRIALS.GOV

ClinicalTrials.gov is a registry and results database for clinical
studies conducted in the United States and internationally,
operated by the National Library of Medicine. It is a resource
both for identifying registered trials and for finding results
summaries of completed trials. Trial registration is required by
major journals, the ICMJE, and many funders as a condition of
publication for interventional studies. Researchers can search
ClinicalTrials.gov to identify ongoing or completed trials
relevant to their question and to find unpublished results that
may reduce publication bias in a systematic review.

GENBANK, UNIPROT, AND PDB

Biological databases containing molecular sequence and
structure data are essential infrastructure for modern life
sciences research. GenBank, operated by the National Center
for Biotechnology Information (NCBI), is the primary
repository for nucleotide sequences, including genomic DNA,
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mRNA transcripts, and raw next-generation sequencing data.
UniProt is the primary repository for protein sequences and
functional annotation; its Swiss-Prot component is manually
curated and highly authoritative. The Protein Data Bank (PDB)
archives three-dimensional structural data for biological
macromolecules determined by X-ray crystallography, NMR
spectroscopy, cryo-electron microscopy, and other methods.
Depositing sequence and structure data in these repositories
at the time of publication is required by most major journals
and by NIH funding policy.

DRYAD, ZENODO, AND FIGSHARE

General-purpose research data repositories allow researchers
to deposit data, code, and supplementary materials associated
with publications. Dryad is a nonprofit repository specifically
designed for research data associated with published papers,
with particular strength in ecology, evolution, and the life
sciences. Zenodo, operated by CERN and the European
OpenAIRE program, is a free, general-purpose repository for
research outputs of all types, including data, software,
preprints, and presentations. Figshare is a commercial
repository that supports a variety of data types with DOI
minting. All three repositories mint Digital Object Identifiers
for deposits, enabling persistent citation and discovery.

GOOGLE SCHOLAR

Google Scholar is a freely accessible academic search engine
that indexes scholarly literature across disciplines from a wide
variety of sources, including journal articles, theses, books,
preprints, conference papers, and grey literature. Its coverage
is extremely broad but its quality control is limited: it indexes
some non-peer-reviewed and low-quality sources alongside
high-quality literature. Google Scholar is particularly useful for
finding grey literature, locating specific papers when you know
the title or author, and tracking citations through its Cited by
function. Researchers should be aware that Google Scholar
citation counts are typically higher than those from Web of
Science or Scopus, reflecting its broader source coverage.
Google Scholar should not be used as a sole source for formal
systematic reviews but is an excellent complement to database
searching.
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The following terms appear throughout this text or are
commonly encountered in the literature and practice of
scientific publishing. Definitions aim to be concise and
practical.

APC

An Article Processing Charge (APC) is a fee paid by the author,
their institution, or their funder to a journal publisher in
exchange for making a published article freely and
immediately available under an open access license. APCs are
the primary funding mechanism for gold open access journals
and for hybrid open access options within subscription
journals. Charges vary widely, from a few hundred dollars at
some fully open access journals to several thousand at hybrid
journals published by major commercial publishers.

Altmetrics

Altmetrics (alternative metrics) refers to indicators of scholarly
attention and engagement beyond traditional citation counts,
including mentions in news media, policy documents, social
media posts, Wikipedia articles, and research blogs. The term
was coined around 2010 and reflects the recognition that
academic research influences society through channels that
bibliographic databases do not capture. Altmetric scores, as
provided by platforms such as Altmetric.com, aggregate these
non-citation mentions into a composite indicator.

Boolean Operators

Boolean operators are logical terms — AND, OR, and NOT —
used in database searching to combine search terms and
control the scope of retrieval. AND narrows a search by
requiring both terms to be present; OR broadens a search by
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retrieving records containing either term; NOT excludes
records containing a specified term. Parentheses are used to
group terms and control the order of operations in complex
queries.

Citation Chasing

Citation chasing, also called snowballing, is a technique for
finding additional relevant literature by reviewing the
reference lists of known relevant articles (backward chasing)
or by identifying articles that have subsequently cited a known
article (forward chasing). Backward chasing is possible with
any reference list; forward chasing requires a citation
database such as Web of Science, Scopus, or Google Scholar
that tracks citations over time.

CONSORT

CONSORT (Consolidated Standards of Reporting Trials) is a
reporting guideline for randomized controlled trials that
specifies the information that should be included in a
published trial report to ensure transparency and
completeness. The CONSORT checklist includes items covering
the trial design, participant eligibility, randomization
procedure, blinding, outcomes, statistical methods, and
results. Journal endorsement of CONSORT is common in
clinical and health sciences; authors submitting RCTs to
CONSORT-endorsing journals must typically complete the
checklist and submit it alongside the manuscript.

Controlled Vocabulary

A controlled vocabulary is a standardized set of terms used to
index documents in a database, ensuring that all documents
on a given concept are indexed with the same term regardless
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of the terminology used by individual authors. MeSH (Medical
Subject Headings) is the controlled vocabulary applied to
PubMed/MEDLINE; Emtree is used in Embase. Using
controlled vocabulary terms in database searches improves
recall by capturing documents that discuss a concept using
different synonyms or terminologies.

COPE

COPE (Committee on Publication Ethics) is an international
organization that provides guidance and resources to journal
editors and publishers on ethical issues in scholarly publishing,
including authorship disputes, plagiarism, data fabrication,
undisclosed conflicts of interest, and duplicate publication.
COPE publishes flowcharts and guidelines for handling
suspected research misconduct and offers a forum in which
editors can seek advice on challenging cases. Membership in
COPE signals that a journal has committed to following best
practices in publication ethics.

Data Management Plan

A data management plan (DMP) is a formal document
describing how research data will be collected, organized,
stored, shared, and preserved during and after a research
project. Many major funding agencies, including the NIH and
NSF, require DMPs as part of grant applications. A DMP
typically specifies the types of data to be generated, the
formats and standards used, the storage and backup
arrangements, the access and sharing policies, and the long-
term preservation plan. Institutional research libraries often
provide guidance, templates, and tools (such as DMPTool) to
help researchers write DMPs.

Dor

A DOI (Digital Object Identifier) is a persistent identifier
assigned to a digital object — most commonly a journal article,
dataset, book chapter, or other scholarly output — that
provides a permanent, stable link to the object regardless of
changes to its URL. DOIs are assigned by registration agencies
(most commonly CrossRef for scholarly publications) and are
expressed in the format 10.XXXX/XXXXX. A DOI URL takes the
form https://doi.org/10.XXXX/XXXXX. Citing DOIs rather than
URLs ensures that references remain resolvable even when
publishers change their website structures.

Double-Blind Review

Double-blind review is a form of peer review in which both the
reviewer’s identity and the author’s identity are withheld from
each other. This contrasts with single-blind review, in which
reviewers know the authors’ identities but are themselves
anonymous to the authors. Double-blind review is intended to
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reduce biases related to author prestige, gender, or
institutional affiliation. Its effectiveness is debated, in part
because anonymizing authors is difficult in specialized fields
where experts can often infer authorship from subject matter,
methods, or writing style.

Eigenfactor

The Eigenfactor Score is a journal-level metric that measures a
journal's influence in the research literature by counting
citations weighted by the prestige of the citing journal,
drawing on an algorithm analogous to Google’s PageRank.
Unlike the Journal Impact Factor, the Eigenfactor takes into
account not just how many citations a journal receives but
from which journals those citations come. Eigenfactor scores
are freely available at eigenfactor.org and are also reported in
the Web of Science Journal Citation Reports.

FAIR Data

FAIR is an acronym for Findable, Accessible, Interoperable, and
Reusable — a set of principles articulated in 2016 to guide the
management and publication of scientific data in ways that
maximize its utility to both humans and machines. Findable
means that data is assigned a persistent identifier and
described by rich metadata. Accessible means that the data
and metadata are retrievable via a standard protocol.
Interoperable means that the data uses broadly applicable
standards and vocabularies. Reusable means that the data is
described with sufficient provenance and context that it can be
understood and used by others.

Grey Literature

Grey literature refers to research outputs produced outside of
commercial publishing channels, including technical reports,
government documents, conference proceedings, theses and
dissertations, preprints, working papers, policy briefs, and
internal reports. Grey literature is an important source of
evidence, particularly for systematic reviews in public health
and policy contexts, because it may include findings that were
never formally published (addressing publication bias) and
because governments and agencies frequently release
substantive research in report rather than journal format.
Identifying and retrieving grey literature requires search
strategies beyond standard database searching.

h-Index

The h-index is an author-level metric defined as the largest
number h such that a researcher has published at least h
papers that have each been cited at least h times. Proposed by
physicist Jorge Hirsch in 2005, the h-index combines
productivity and impact in a single number. It increases
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monotonically over time, is sensitive to field-level citation
norms, and should not be compared across disciplines or
career stages without careful contextualization.

Impact Factor

The Journal Impact Factor (JIF), calculated and published
annually by Clarivate in the Journal Citation Reports, is the
mean number of citations received in a given year by articles
published in a journal during the two preceding years. It was
designed as a tool for library journal selection, not as a
measure of individual article or researcher quality. Its
widespread misuse in research evaluation — applying a
journal-level average to individual articles or researchers —
has been extensively criticized by the scientific community,
most formally in the San Francisco Declaration on Research
Assessment (DORA).

IMRaD

IMRaD stands for Introduction, Methods, Results, and
Discussion, the standard organizational structure for primary
research articles in the natural and biomedical sciences. The
Introduction establishes the research question and its
significance; the Methods describes the experimental design
and analytical approach in sufficient detail to permit
replication; the Results presents findings without
interpretation; the Discussion interprets findings, addresses
limitations, and situates the work in the context of the existing
literature. Some journals add an abstract before the
introduction and a conclusion after the discussion.

Institutional Repository

An institutional repository (IR) is a digital archive maintained
by a university or research institution for the purpose of
collecting, preserving, and providing open access to the
research outputs of its faculty and students. Institutional
repositories accept a range of materials including journal
articles (typically the accepted manuscript version), theses and
dissertations, datasets, working papers, and other scholarly
products. Depositing publications in an institutional repository
is a common way of complying with green open access
mandates while complying with publisher copyright policies.

IRB

An Institutional Review Board (IRB) is a committee formally
designated to review, approve, and oversee research involving
human subjects, in accordance with federal regulations and
ethical principles. IRBs evaluate research proposals for risk to
participants, adequacy of informed consent procedures,
equitable selection of subjects, and protection of privacy and
confidentiality. IRB approval must typically be obtained before

Appendix B: Glossary

a study begins and is reported in the methods section of
published articles; most journals require a statement of IRB
approval (or a determination of IRB exemption) for human
subjects research.

IACUC

An Institutional Animal Care and Use Committee (IACUC) is the
counterpart to the IRB for research involving non-human
animals. IACUCs review animal research protocols for
compliance with the Animal Welfare Act and the Public Health
Service Policy on Humane Care and Use of Laboratory Animals.
They evaluate the scientific justification for animal use, the
choice of species, the number of animals, the procedures
performed, and the measures taken to minimize pain and
distress. IACUC approval must be obtained before animal
experiments begin and is reported in published methods
sections.

MeSH

MeSH (Medical Subject Headings) is the controlled vocabulary
developed by the National Library of Medicine for indexing
articles in PubMed/MEDLINE. The MeSH vocabulary includes
approximately 30,000 terms organized in a hierarchical tree
structure, with broader and narrower terms linked by parent-
child relationships. Each indexed article in MEDLINE is
assigned MeSH terms by trained indexers. Using MeSH terms
in PubMed searches improves recall by capturing articles that
discuss a concept using different terminologies and synonyms,
all of which map onto a single standardized term.

Open Access

Open access (OA) refers to the practice of making scholarly
research freely available on the internet without subscription
fees, access barriers, or most copyright restrictions. Open
access publishing encompasses a spectrum of models: green
OA (self-archiving), gold OA (APC-funded publication),
diamond OA (no-fee journals), and hybrid OA (individual article
OA within a subscription journal). The defining characteristic is
free, immediate, online availability; many OA definitions also
require that the content carry a permissive license allowing
reuse.

ORCID

ORCID (Open Researcher and Contributor ID) is a nonprofit
organization that provides persistent digital identifiers (ORCID
iDs) for researchers. An ORCID iD is a 16-digit number that
uniquely identifies a researcher across databases and
institutions, regardless of name changes or transliteration
variations. ORCID iDs are increasingly required by journals and
funders during manuscript submission and grant applications,
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and they serve as a connective layer linking a researcher’s
publications, grants, and professional activities across
systems.

Peer Review

Peer review is the process by which a journal editor solicits
evaluation of a submitted manuscript by experts in the
relevant field before making a publication decision. Reviewers
assess the scientific rigor, novelty, significance, and
presentation of the work and provide written comments to the
editor and, typically, to the authors. Peer review serves as the
primary quality control mechanism in academic publishing,
though it is not infallible and has well-documented limitations
including inconsistency, reviewer bias, and an inability to
detect sophisticated data manipulation.

PICO

PICO is a framework for structuring clinical and health
research questions. It stands for Population (the patient or
participant group of interest), Intervention (the treatment,
exposure, or test), Comparison (the alternative to which the
intervention is compared), and Outcome (the measure of
interest). The PICO framework helps researchers formulate
precise, answerable research questions and translate those
questions into effective database search strategies by
identifying the key concepts that should be searched.

Plan S

Plan S is a coalition initiative launched in 2018 by cOAlition S, a
group of research funding organizations led by the European
Commission and national funders. Plan S requires that
research funded by participating funders be published in fully
open access journals or deposited in open access repositories
with no embargo period. It also requires that published
articles carry a Creative Commons Attribution (CC BY) license,
permitting unrestricted reuse with attribution. Plan S has
significantly accelerated the transition to open access in
Europe and has influenced funder policies worldwide.

Predatory Journal

A predatory journal is a publication that claims to be a peer-
reviewed academic journal but operates without genuine
editorial standards, charging APCs in exchange for rapid, non-
rigorous publication. Predatory journals often solicit
submissions by unsolicited email, promise implausibly rapid
peer review, list fabricated or non-consenting editors, and lack
indexing in reputable databases. They damage scientific
integrity by publishing unvetted work and exploit authors who
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are unaware of the warning signs. Resources for identifying
predatory journals include the Directory of Open Access
Journals (DOA)), the Think. Check. Submit. checklist, and
institutional library guidance.

Preprint

A preprint is a version of a scholarly manuscript that has been
shared publicly — typically through a preprint server such as
bioRxiv, medRxiv, arXiv, or SSRN — before or concurrently with
submission for formal peer review. Preprints are freely
accessible, assigned DOIs, and citable as soon as they are
posted. They allow rapid dissemination of findings and
establish priority, but they have not been peer reviewed and
should be read with corresponding critical scrutiny.

Preregistration

Preregistration is the practice of registering the hypotheses,
methods, and analysis plan of a study in a publicly accessible
registry before data collection begins. Preregistration reduces
the opportunity for post-hoc hypothesis adjustment and
selective reporting, which are significant drivers of the
replication crisis. Clinical trials are preregistered in
ClinicalTrials.gov or equivalent registries; observational and
experimental studies can be preregistered through platforms
such as the Open Science Framework (OSF) or AsPredicted.

Retraction

A retraction is a formal withdrawal of a published article by the
journal in which it appeared, typically due to findings of error,
fraud, duplicate publication, or authorship misconduct.
Retractions are announced in a retraction notice that specifies
the reason for withdrawal and are indexed in databases so
that readers can identify retracted work. The Retraction Watch
database (retractionwatch.com) maintains a comprehensive
record of retracted scientific publications. A retracted paper
remains in the literature but is marked to indicate that it
should not be relied upon.

Scoping Review

A scoping review is a type of evidence synthesis that maps the
existing literature on a broad topic, identifies the range and
nature of available evidence, and characterizes gaps in the
literature. Unlike systematic reviews, scoping reviews do not
typically include a formal quality appraisal of individual studies
or a meta-analysis of pooled results. They are appropriate
when the purpose is to survey what is known about a topic,
identify key concepts and definitions, or assess the feasibility
of a full systematic review.



Systematic Review

A systematic review is a type of evidence synthesis that uses
explicit, reproducible methods to comprehensively identify,
select, and critically appraise all available evidence on a
focused research question. Systematic reviews follow a pre-
specified protocol, conduct comprehensive searches across
multiple databases, apply defined inclusion and exclusion
criteria, and assess the risk of bias in included studies. They
are the highest level of evidence in the evidence hierarchy for
clinical and health research, and their methods are reported
according to the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines.

STROBE

STROBE (Strengthening the Reporting of Observational
Studies in Epidemiology) is a reporting guideline for
observational studies in epidemiology, covering cohort
studies, case-control studies, and cross-sectional studies. The
STROBE checklist specifies the information that should be
reported in each section of an observational study manuscript
to ensure transparency and completeness. It is endorsed by
many epidemiology and public health journals and is a
required submission element for observational studies at
journals that have adopted the guideline.

Vancouver Style

Vancouver style is the citation and reference formatting
system used by many biomedical journals, based on the
guidelines of the International Committee of Medical Journal
Editors (ICMJE). In Vancouver style, references are numbered
consecutively in the order in which they appear in the text, and
in-text citations are denoted by superscript numbers or
numbers in parentheses. The reference list at the end of the
article presents references in numerical order. Vancouver style
contrasts with author-date (Harvard) style, in which citations
appear as author surnames and year within the text.

Web of Science

Web of Science is a citation indexing database operated by
Clarivate that indexes a curated set of high-quality peer-
reviewed journals across sciences, social sciences, and
humanities. Its bidirectional citation tracking allows users to
identify papers that have cited a given article (forward citation
search), making it essential for systematic reviews and citation
analysis. Web of Science data underlies Journal Impact Factors
and related bibliometric products, and its ResearcherID system
provides researcher-level citation profiles.

Zotero

Appendix B: Glossary

Zotero is a free, open-source reference management software
application that helps researchers collect, organize, cite, and
share bibliographic references and associated full-text
documents. It operates as a desktop application with browser
extensions that allow one-click capture of citation metadata
from journal databases, library catalogs, and websites. Zotero
integrates with word processors including Microsoft Word and
Google Docs to insert formatted citations and automatically
generate reference lists in any citation style. Its sync and
sharing features make it useful for collaborative projects.

Green OA

Green OA (green open access) refers to the practice of making
a version of a published journal article freely available by
depositing it in a repository — such as an institutional
repository, a subject-specific archive, or PubMed Central —
rather than through the journal itself. The deposited version is
typically the author accepted manuscript (after peer review,
before publisher formatting) or, where permitted, the final
published version. Green OA does not require an APC and is
permitted by the vast majority of publishers, though embargo
periods and version restrictions vary.

Gold OA

Gold OA (gold open access) refers to publishing in a journal
that makes all content — or, in the case of hybrid journals,
individual articles — freely available immediately upon
publication, funded primarily through APCs paid by authors,
institutions, or funders. Fully gold OA journals make all
published content open; hybrid journals offer individual-article
open access within an otherwise subscription journal.

Diamond OA

Diamond OA (diamond open access), also called platinum OA,
describes journals that provide free access to readers and
charge no APCs to authors, funded instead through
institutional support, society subsidy, volunteer labor, or
government grants. Diamond OA journals remove financial
barriers for both readers and authors, making them
particularly important for researchers from low- and middle-
income countries and for disciplines where APC costs are
prohibitive.

Creative Commons

Creative Commons (CC) is a nonprofit organization that has
developed a suite of standardized public copyright licenses
that allow creators to specify the conditions under which their
works may be reused. The most important Creative Commons
licenses for academic publishing are CC BY (Attribution,
allowing any reuse with credit), CC BY-NC (Attribution-
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NonCommercial, restricting commercial use), CC BY-ND carry the same license). Most open access mandates require
(Attribution-NoDerivatives, prohibiting modification), and CC CC BY licensing to maximize the reusability of publicly funded
BY-SA (Attribution-ShareAlike, requiring derivative works to research.
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