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ABSTRACT: While there is now general acceptance that active learning and inquiry are desirable, there is much less agreement
on what these terms actually meanand perhaps surprisingly to some, quite contradictory evidence about their efficacy.
Similarly, while we might agree that critical thinking is an important outcome, even experts cannot agree what critical thinking is.
In this editorial, I argue that it is now time to be more specific about what we mean when we talk about effective pedagogical
approaches and the desired outcomes. One approach is to adopt the scientific practices from the Framework for Science Education,
which are well described, and by their very nature require that students construct and use their knowledge. If we know what we
are looking for, it is easier to recognize and assess it when we see it.
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Chemistry education has come quite a long way in the past
20 years. It is now routine to see and hear educators

discussing “inquiry” activities, encouraging “active learning”,
and advocating ways to promote “critical thinking”. Indeed, it is
now generally acknowledged that these are all important
aspects and outcomes of teaching and learning. This acceptance
is a positive step along the way to evidence-based teaching and
learning, yet unfortunately, things are not quite so simple. All of
these terms can have multiple meanings, and depending on
who is talking, some of these meanings can be quite different.
While these terms are often used as shorthand, if we do not
have well-defined meanings for them, it is hard to both identify
instances and also to assess outcomes. I suggest that it is time to
abandon these terms, and start to use better characterizations of
what we actually mean.
The terms “inquiry” and “active learning” refer to pedagogies

based on constructivism, that is, knowledge is constructed in
the mind of the learner. The idea that students must build their
own understanding by constructing and connecting ideas for
themselves is the dominant, but not universally accepted, model
of learning.1 While some students do this naturally (e.g., Ph.D.-
level chemists are likely to actively engage with chemistry
materials presented to them, even in the context of a passive
lecture environment), most students do not. It is believed that
providing students with learning environments in which they
are encouraged to construct ideas and connections leads to
improved learning.
However, when we talk about “active learning”, it becomes

clear that the term has a wide range of meanings (besides the
fact that, presumably, if students learn, they are doing
something active). While the title of the recent meta-analysis
by Freeman et al.,2 “Active learning increases student
performance in science, engineering, and mathematics”, seems
unequivocal, a careful reading reveals that the authors make no
attempt to define exactly what they mean by active learning, nor
do they go into detail about what “student performance” is.
Instead they say:2

The active learning interventions varied widely in intensity
and implementation, and included approaches as diverse as
occasional group problem-solving, worksheets or tutorials
completed during class, use of personal response systems with
or without peer instruction, and studio or workshop course
designs.
It seems highly unlikely that a few in-class worksheets, or any

use of clickers in the classroom, will have an effect similar to
that of restructuring a course in a workshop environment or
activities where students construct and use models to predict
and explain phenomena. It is also likely that the ways these
activities are implemented has an impact. Indeed, Andrews et
al.3 studied a large sample of typical faculty, rather than science
education researcherswho are more likely to publish papers
on “active learning”and found that adding active learning
activities to a course was not in and of itself associated with
greater learning gains (as measured by course grades). Their
hypothesis was that traditional faculty did not actually
understand the purpose of active pedagogies and therefore
were unable elicit the constructivist elements necessary for
these techniques to work. It may also be that course grades do
not measure the types of improvements that “active learning”
may promote.
Similarly, “inquiry” is another approach to improving

learning “that has been interpreted over time in many different
ways throughout the science education community.”4 When we
speak of inquiry learning, do we mean open inquiry,
confirmation inquiry, structured inquiry, guided inquiry, or
something else entirely? Does inquiry require a hands-on
laboratory setting? Who knows! It is striking that the National
Research Council (NRC) Framework for K−12 Science
Education,4 a document that synthesizes what we know about
learning in science and lays out a vision for how science
education could be structured based on our current evidence
and theories of learning, contains little mention of scientific
inquiryand no mention of active learning.
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The use of inquiry and active learning has been put forth as
an effective way to improve students’ “critical thinking” skills,
which have been identified as crucial for personal and national
success in the 21st century,5 but critical thinking and how it is
achieved have been interpreted quite differently by different
authors. As noted in the NRC report Assessing 21st Century
Skills,6 some definitions “essentially encompasses all of problem
solving, judgment, and cognition.”6 Indeed, in the past it was
thought that critical thinking skills were universal (domain
independent); that is, they could be achieved without reference
to any specific discipline and readily transferred to other
domains. There is, however, “little evidence that critical
thinking exists as a domain-general construct distinct from
general cognitive ability”.6 Instead, critical thinking might be
construed as “a domain-specific construct that evolves as the
person acquires domain-specific knowledge.”6 For example, an
expert physicist may not be able to transfer their skills to
chemistry unless they also have a great deal of chemistry-
specific knowledge, a problem that occurs frequently in
interdisciplinary collaborations.7

All of this background leads me to suggest that it is time for
us to stop using diffuse terms that are difficult to define and that
can have multiple (idiosyncratic) meanings, and start being
more explicit about what exactly we mean. It is difficult to
measure improvement in a construct if we do not have a
common definition of what it is. One way to frame such a
conversation is by adopting the approach described in the NRC
Framework for Science Education. The Framework describes eight
scientific and engineering practices that can be considered as
the disaggregated components of the things that scientists do.
All of these practices are well articulated and describe what
students should do with knowledge (besides remember and
regurgitate it). On the basis of this practice-based definition,
students must be able to “do” something specific. For example,
the practice of “designing and carrying out an investigations”
means just that. “Developing and using models” requires the
student to not only construct a model (either mental, graphical,
computational, or physical) but also be able to use it
productively to predict or explain a specific observation or
scenario. “Analyzing and interpreting data”, “engaging in
argumentation from evidence”, and “evaluating information”
can all be seen as distinct components of critical thinking. If we
describe our desired outcomes using these practices, the result
will be that we will shift to more engaged pedagogies with
clearer outcomes that can actually be assessed. After all if we do
not know what we mean by critical thinking or inquiry, it is
hard (i.e., impossible) to determine whether students actually
have acquired these skills. Indeed, there is already an increased
interest in using the vision set out in the Framework to guide
future reform efforts in higher education. For example, at the
upcoming Biennial Conference on Chemical Education
(BCCE), there are sessions such as “Putting the Framework
Into Practice”, and at Michigan State University, we are using
this approach to support the transformation of the gateway
STEM courses.8

On a final note, scientific practices do not exist in isolation
from disciplinary ideas;9 they need to be presented in a relevant
and engaging context throughout the chemistry curriculum and
across disciplines. The end result is likely to be a deeper
understanding of chemistry AND a better understanding of
how to apply science practices more broadly. If we are explicit
about our goals, it will be easier to measure whether we have
accomplished them.
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