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The field of metascience has gained increasing momentum in recent years as
concerns about research reproducibility have fueled a larger vision of how
the lens of science can be directed toward the scientific process

itself. Metascience, also known as metaresearch or the science of science,
attempts to use quantifiable scientific methods to elucidate

how science works and why it sometimes falils.

Metascience has its roots in the philosophy of science and the study of
scientific methods. However, it is distinguished from the former by its
reliance on quantitative analysis and from the latter by its broad focus on
the general factors that contribute to all aspects of the scientific
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process. Metascience also draws on the more narrowly defined fields of
journalology, which studies the academic publishing process, and
scientometrics, which uses bibliographic data in scientific publications to
understand the impact of research articles.

Coming Together to Study Science

In September, a symposium on metascience (metascience2019.org), funded
by the Fetzer Franklin Fund and held at Stanford University, brought
together nearly 500 attendees to help consolidate the field. The symposium
included over 50 speakers from a remarkable variety of scientific
disciplines, including psychology, philosophy, biology, sociology,

network science, economics informatics, quantitative methodology, history,
statistics, political science, medicine, business, and chemical and biological
engineering. | organized the event with APS Fellows Brian Nosek
(University of Virginia) and Jon Krosnick at Stanford, psychological
scientist Leif D. Nelson of University of California, Berkeley, and Fetzer
Franklin Fund director Jan Walleczek. Among the speakers were APS
President Lisa Feldman Barrett (Northeastern University) and APS Past
Board Member Simine Vazire (University of California, Davis). The
symposium also included three discussion panels involving journalists,
representatives of assorted funding agencies, and scientists who have been
critical of some aspects of the so-called replicability crisis.

The meeting addressed pressing questions surrounding the issue of
scientific reproducibility including: “What is replication and its impact and
value?” and “How are statistics, methods, and measurement practices
affecting our capacity to identify robust findings?” However, it broadened
the discussion to address a host of other aspects of the scientific process,
such as “How do scientists generate ideas?” “How do scientists interpret
and treat evidence?” and “What are the cultures and norms of science?” By
contextualizing issues of reproducibility within the larger framework of
investigating the scientific process, the metascience meeting illustrated
how science is not so much in crisis as it is taking on the broader mantle of
understanding and refining the scientific method.
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The Stanford metascience meeting demonstrated the fundamentally
interdisciplinary nature of the field. As metascientific studies have shown,
interdisciplinary efforts sometimes build bridges and other times fall
between the cracks. But the meeting illustrated how scientists across
domains, united by shared interests, can converse about the common
elements underpinning the scientific process. Although researchers seem
largely in agreement regarding the value of metascience, they nevertheless
have significantly disparate assessments of some of the pressing questions
that metascience faces. For example, whereas some view reproducibility
problems as in dire need of rectification, others see them as within the
bounds of acceptability and, in most cases, naturally self-correcting.

In all this, the centrality of psychological science is unmistakable. Clearly
some of our field’s role has stemmed from the challenges that
psychological science itself has faced. Problems in replication, notorious
examples of fraud, and published evidence for improbable claims have all
contributed to psychological scientists’ motivation to

take metascience head on. Such challenges have provided impetus for
psychological scientists to foster open science registration, engage in large-
scale replication projects, and develop approaches for understanding how
scientists can unwittingly report questionable findings.

The Psychology of Scientists

In many respects, metascience entails understanding the psychology of
scientists themselves. Both the psychological assets and liabilities of
scientists are central to how science is carried out. For example,
deciphering the process underpinning creativity is central to
understanding how scientific ideas are generated, as my colleagues APS
Fellow Shelly L. Gable and Elizabeth A. Hopper (UC, Santa Barbara) recently
demonstrated in a study that indicated that writers and physicists are more
likely to have ideas that overcome impasses while mind-wandering.

Conceptualizing human reasoning is critical to delineating the scientific
method, APS William James Fellow John Anderson (Carnegie Mellon
University) and APS Fellow Christian D. Schunn (University of Pittsburgh)



pointed out 20 years ago. Science educator Anton E. Lawson said that
human memory has to be deciphered to understand how scientists
accumulate knowledge and develop scientific theories. Psychological
processes also contribute to many of the challenges that scientists face.
Researchers such as APS William James Fellow Anthony Greenwald
(University of Washington) have talked about confirmation bias influencing
scientists’ tendency to selectively report evidence that supports their
hypotheses. Greenwald also found evidence of implicit bias contributing to
scientists’ decisions on which colleagues’ work to cite in their own
published research. Indeed, scores of other psychological factors — ranging
from how individuals respond to rewards to how dominance hierarchies
are arranged — are likely to play key roles in the unfolding of science. If the
psychology of scientists influences how science is carried out, then it stands
to reason that psychological science will be central to metascience.

Metascience Meets the Mainstream

One criticism of the metascience meeting involved its subtitle: “the
emerging field of research on the scientific process.” Some viewed this
characterization as overlooking the many lines of work on this general
topic that have been carried out for decades by people such as Stanford
physician-researcher John P. A. loannidis. Although it is certainly true that
research that could be characterized as metascience has been conducted
for years, the consolidation and centrality of this field is arguably a recent
development. Whereas specialized scientists such as loannidis have been
discussing problems with scientific reproducibility for some time, the
mainstream research community has only recently thas taken note of this
challenge only recently. Furthermore, while independent lines of work
have been carried out across disciplines, the consolidation of these areas
into an overarching field has been limited. Thus, although it might be
misleading to characterize the field of metascience as “emerging,” it
certainly is consolidating and gaining momentum as never before.

The increasing role of metascience in science holds both great promise and
some risk. Already its influence can be seen in the growing proportion of
studies that are preregistered, as well as many journals’ adoption of badges



for preregistration and the sharing of data and materials. In addition, many
scientists now understand how the previously common practice of combing
through a new data set to find a “good story” and then reframing the results
to tell that story can potentially lead to erroneous conclusions. The growing
salience of metascience in the field is in many respects like holding a mirror
up to science and the scientists who conduct it. On the one hand, exposure
to a mirror is known to enhance conscientiousness, and indeed it seems
likely that the emergence of metascientific concerns may be encouraging
scientists to be more disciplined in the way they conduct their research.
However, mirrors can also make people self-conscious, and it seems
plausible that scrutiny of the scientific process could (at least sometimes)
stifle scientific creativity and risk-taking.

This is, of course, a metascientific hypothesis that itself might be profitably
explored, for example, by evaluating the impact of preregistration on the
creativity and risk-taking of scientists. Unquestionably,

when metascience is used as a platform for making attacks on the
credibility of researchers whose work has failed to be replicated,

both science in general and metascience in particular are bound to suffer
indignities.

For better or worse, the metascience genie is out of the bottle. The zeitgeist
is shifting. As metascience takes on an increasingly central role in science, it
remains to be seen what discoveries it will make and what impact it will
have. Nevertheless, it seems certain that new generations of scientists will
face greater scrutiny while also benefiting from a deeper understanding of
the scientific process.
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